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POWER OF ATTORNEY

The undersigned.

BAYER CROPSCIENCE SA

domiciled in
16, rue Jean-Marie Leclair
69009 LYON, France

declares that it hereby grants to

ALVARO CORREA-ORDONEZ and/or OLGA
GEORGETTE OTERO andlor RICARDO METKE and/or
JUAN PABLO CONCHA. :

with domicile at Av. 82 No. 10 ~ 62, 6™ floor, of Bogoté D.
C., Colombia, a full and sufficient power of attorney to
obtain the protection of my (our) industrial prmperty and
against the unfair competition, for which purpose | (we)
authorize the said attorneys to represent me (us) before
any authorities or persons, with or without jurisdiction,
specially thnse administrative, administrative contentious
and judicial, as well as before Arbitration Court, in all
matters conceming the following: a) Obtainment of
patents, utility models, industrial designs, integrated
circuits, layout-designs and vegetal varieties: the
registration  of trademarks, denominations of origin,
commercial names, trade emblems, slogans and domain
names; its renewal, assignments, change of name or
domicile. voluntary cancellation; and the reqistration of
licenses of use of the above rghts; b)Processes of

protection” to the consumer, unfair competition,
oppositions,  cancellations,  nullity,  precautionary
injunctions, infringement, granting of licenses, writ

mandamus, the protection of trade secrets, and in general
the civil, penal, an administrative processes relating to
those rights. And that in all the above matters they may
substitute this Power of Attorney, compromise, congiliate,
admit the facts of the case, desist, cancel, receive, resign,
and ratify acts done by representatives without a power of
attorney.

| hereby ratify all actions previously taken on behalf of this
company by the aforementioned attormeys with respect to
the mentioned matters.

Raisbeck, Lara, Rodriguez & Rueda
Av. 82 No. 10 - 62 Pigo 6
Bogota, Colombia

NIT: 860.068.840-3
Tel: +57 1 634 1500
Fax! 457 1 376 2211
www.bakernet.com

PODER

La abajo firmada,

BAYER CROPSCIENCE SA

domiciliada en
16, rue Jean—Marie Leclair
69009 LYON, France

declara por el presente que otorga a

ALVARO CORREA-ORDONEZ and/or OLGA GEORGETTE
OTERO and/or RICARDO METKE and/or JUAN PABLO
CONCHA. .

con domicilio en la Av, 82 No. 10 — 62 Piso 6 en Bogota D. C.,
Colombia, poder especial amplio y suficiente, para obtener la
proteccién de mi (nuestra) propiedad industrial y contra la
competencia desleal, a cuyo efecto autorizo (amos) a los dichos
apoderados para que me (nos) representen ante cualesquiera
autoridades o personas, ejerzan ¢ no jurisdiccion, especialmente
ante las del orden administrativo, contencioso-administrativo y
judicial, asi como los tribunales de arbitramento, en todo lo
concemiente a los siguientes asuntos: a) Obtencion de patentes
de invencion, modelos de utilidad, disefios industriales,
esquemas de trazado de circuitos integrados y variedades
vegetales; el registro de marcas, denominaciones de origen,
nombres comerciales, ensefias, lemas comerciales y nombres
de dominio; su renovacién, traspaso, cambio de nombre o
domicilio, cancelacion voluntaria; y el registro de licencias de
uso de esos derechos; b) Los procesos para la proteccion del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesion de
licencias, la tutela, la proteccion de secretos industriales, y en
general procesos civiles, penales, administrativos relacionados
con estos derechos. Y para que en todos los asuntos arriba
determinados, puedan sustituir este mandato, transigir, conciliar,
admitir los hechos del caso, desistir, cancelar, recibir, renunciar,
y ratificar los actos de agentes oficiosos.

Igualmente, ratifico todo lo actuado hasta el momento en los
mismos asuntos, por cualquiera de los mencionados
apoderados en representacion de ésta sociedad.
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POWER OF ATTORNEY

The undersigned.

BAYER CROPSCIENCE SA

domiciled in
16, rue Jean-Marie Leclair
69009 LYON, France

declares that it hereby grants to

ALVARO CORREA-ORDONEZ and/or OLGA
GEORGETTE OTERO andlor RICARDO METKE and/or
JUAN PABLO CONCHA. '

with domicile at Av. 82 No. 10 ~ 62, 6™ floor, of Bogoté D.
C., Cotombia, a full and sufficient power of attorney to
obtain the protection of my (our) industrial prmperty and
against the unfair competition, for which purpose | (we)
authorize the said attorneys to represent me (us) before
any authorities or persons, with or without jurisdiction,
specially thnse administrative, administrative contentious
and judicial, as well as before Arbitration Cour, in all
matters conceming the following: a) Obtainment of
patents, utility models, industrial designs, integrated
circuits, layout-designs and vegetal varieties: the
registration  of trademarks, denominations of origin,
commercial names, trade emblems, slogans and domain
names; its renewal, assignments, change of name or
domicile. voluntary cancellation; and the reqistration of
licenses of use of the above rghts; b)Processes of
protection to the consumer, unfair competition,
oppositions,  cancellations,  nullity,  precautionary
injunctions, infringement, granting of licenses, writ
mandamus, the protection of trade secrets, and in general
the civil, penal, an administrative processes relating to
those rights. And that in all the above matters they may
substitute this Power of Attorney, compromise, congiliate,
admit the facts of the case, desist, cancel, receive, resign,
and ratify acts done by representatives without a power of
attorney.

| hereby ratify all actions previously taken on behalf of this

company by the aforementioned attormeys with respect to
the mentioned matters.

Done and subscribed in
Lyon

On the day of
February 11™, 2005

Alexander NOWAK MA&

qui a été apposée
Chasselay, le US| |

IS

Raisbeck, Lara, Rodriguez & Rueda
Av. 82 No. 10 - 62 Pigo 6
Bogota, Colombia

NIT: 860.068.840-3
Tel: +57 1 634 1500
Faxi +67 1 376 2211
www.bakernet.com

PODER

La abajo firmada,

BAYER CROPSCIENCE SA

domiciliada en
16, rue Jean-Marie Leclair
69009 LYON, France

declara por el presente que otorga a

ALVARO CORREA-ORDONEZ and/or OLGA GEORGETTE
OTERO and/or RICARDO METKE and/or JUAN PABLO
CONCHA .

con domicilio en la Av, 82 No. 10 — 62 Piso 6 en Bogota D. C,,
Colombia, poder especial amplfio y suficiente, para obtener la
proteccion de mi (nuestra) propiedad industrial y contra la
competencia desieal, a cuyo efecto autorizo (amos) a los dichos
apoderados para que me (nos) representen ante cualesquiera
autoridades o personas, ejerzan ¢ no jurisdiccion, especialmente
ante las del orden administrativo, contencioso-administrativo y
judicial, asi como los tribunales de arbitramento, en todo lo
concemiente a los siguientes asuntos: a) Obtencion de patentes
de invencion, modelos de utilidad, disefios industriales,
esquemas de trazado de circuitos integrados y variedades
vegetales; el registro de marcas, denominaciones de origen,
nombres comerciales, ensefias, lemas comerciales y nombres
de dominio; su renovacién, traspaso, cambio de nombre o
domicilio, cancelacion voluntaria; y el registro de licencias de
uso de esos derechos; b) Los procesos para la proteccion del
consumidor, competencia desleal, oposiciones, cancelaciones,
nulidades, medidas cautelares, infracciones, concesion de
licencias, la tutela, la proteccion de secretos industriales, y en
general procesos civiles, penales, administrativos relacionados
con estos derechos. Y para que en todos los asuntos arriba
determinados, puedan sustituir este mandato, transigir, conciliar,
admitir los hechos del caso, desistir, cancelar, recibir, renunciar,
y ratificar los actos de agentes oficiosos.

Igualmente, ratifico todo lo actuado hasta el momento en los
mismas asuntos, por cualquiera de los mencionados
apoderados en representacion de ésta sociedad.
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IBAKER & MYKENZIE

2
NOTARIAL CERTIFICATIO
On this day of J.D_‘#].LS_
2005 | the undersigned Notary
CERTIFIES
That Alexander NOWAK

a‘JI (<]

of legal age and domiciled in
set his hand on the foregoing document.

- .. That the grantor is to me personally known and that he/she has
171 jlegal capacity to execute the instrument.

That the grantor has executed the foregoing document as

An flor? e 'L’&,ﬁﬂl gan Y K i<

of the judicial porson S Ceon .

.

That the judicial person s -

AG | Mun ?C‘ﬂ- Fan'e écr_&,‘,
‘.IQG ! ‘ ZON ‘ '_'gggg

having its homa office in

Is duly organized, has present legal existence and tnhat the
purposes for which the power of attorney is granted are within
the scope of its corporate purposes,
SomThat the grantor has In fact the referred to authority and
&that his/er representation i legal.

That | have based certifications 3, 4 and 5 abave on the following
authentic documents for such purpose exhibited to me and which
| mention specifically, giving their dates and their origin or source:

~Page "annonces judiciares et légales" from the

newspaper "Le Tout Lyon—Moniteur Judiclaire
Reunis" dated 21 to 27 June 2003

~Power of Attorney from BAyer Cropscience SA
(from the Chairman of the Management Board)
dated 15 October 2004

Notary Public

1 Que

CERTIFICACION NOTARIAL

Alos 10 dias del mes de Marzo

de 200 5 . el suscrito Notario

DA FE
Alexander NOWAK

mayor y domiciliado eneunhouse Wej 10,
57467 Bergisch Gladsach, KIemsnia

suscribid de su pufio y letra el documento que antecede.

2. Que conozco al otorgante y que éste tiene capacidad legal
- para el otorgamiento.

3 Que el otorgante ha suscrito el referido documento en su

Cﬁﬁxﬂﬂéggntante Autorizado

-

de la persona juridica BAYer CropScience 5.4,

4 Quela persona juri dicaBAyer CropScience S.A.

16, rue Jean-Marie Leclair
con sede en
69009 Lyon, Francia

esta legalmente constituida, que tiene existencia legal
actual y que el acto para el cual se otorga el poder estd
comprendido entre los que constituyen su objeto social.

5 Que el otorgante fiene efectivamente la representacion
que oslenta y que ésta es legitima.

6. Que he basado las certificaciones 3, 4 y 5 anteriores en
los siguientes  documentos auténticos que al efecto se
me exhibieron y que menciono especificamente con
expresion de sus fechas y de su origen o procedencia:
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2V INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19 World Intellectual Property Organization I""
International Bureau W

(43) International Publication Date
3 August 2006 (03.08.2006)

.‘ ) 000 0 O

(10) International Publication Number

WO 2006/079566 Al

(31) International Patent Classification:
GOIN 30/06 (2006.01) GOIN 30772 (200601

(21) International Application Number:
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CO, CR, CU, CZ,. DE, DK, DM, DZ, EC, EE, EG, ES, F1,
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—  afinvertorship (Rule 4.17(iv))

Published:
— wihiimemational search repor
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ance Notes on Cades and Abbreviations” appearing it the begin-
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(54) Title: METHOD OF ANALYZING PHOSPHOROUS ACID., FOSETYL-AL OR BOTH SIMULTANEOQUSLY

(87) Abstract: Method for apalysing one or moere pesticidal compounds prasent in amounts of Jess than or equal 1o 5 mg/kg of a
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METHOD OF ANALYZING PHOSPHORQUS ACID, FOSETYL-AL
OR BOTH SIMULTANEOQUSLY

DESCRIPTION

The present invention relates to the field of pesticidal compound analysis. Such methods are
useful for monitoring the behaviour of such pesticidal compounds once they have been applied,
and such methods are aiso useful during marketing authority procedures for such pesticidal
compounds.

The compounds that can be analyzed by means of the method of analysis according to the
mventon are compounds that are useful for the protection of plants and also some of the
tompounds that are metabolites of these biologically active compounds. Some of these
metabaolites can aiso exhibit biolocgical activities.

Metrods Tor analyzing pesticidal compounds are known. In particular, an analytical method for
determining the fosetyl-Al residue and its main metabolite, phosphorous acid, in drinking water
orin surface water is known.

Such a known method uses {frimethylsily)diazomethane (TMSD) as a derivatizing agent.

Gengraiiv, such a method comprises the following steps:
- concentration of the water samples ;
- derivatization with (trimethylsilyl)diazomethane of an aliquot of the concentrated
sample (substitution of a hydrogen atom with a methyl group) |

- rurification of the derivatized sample by fiquid-liquid partition with dichioromethane.
The analysis is carried out by gas chromatography on a semi-capiilary column by means of a
flame photometric detector {or FPD) in the phosphorous mode and the quantification takes

external standards as reference. The use of a thermionic detector is also possible.

This known method is carried out zccording to Scheme 1 below:
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- for fosetyl-Al

dimethylphosphonate

Viith this methed, the limits of detection (LODs) are as foliows:

0.03 pa/l for drinking water (minerai or mains watar) °

- 0.35 pg!l for surface water (river water)

- for phosphorous acid:

- 0.7 ug/l for drinking water (mineral or mains water) ;

- 2.5 pgi for surface water (river water).

- for fosetyi-Al

with this metrod, the iimits of quantification {LOQs) are as follows:

- 0.1 ngit for drinking water (mineral or mains water) ;

- 1 ug/l for surface water (river water) ;

- for phosphorous acid:

- 2.0 (g/! for drinking water (mineral or mains water) ;

- 4.0 (g/l for surface water (river water).

W

This known method of analysis has been used for the following substrates: mineral water, mains
water and water from the Rhéne river, The method of analysis has been validated for various
types of water, bv analysis of non treated controf samples enriched in fosetyl-Al and in

phospherous acid o the limits of quantification and to 10 times these limits.
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fosety!-Al
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|
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phesphorous acid

- for fosetyl-Al

. 0
H I
~————» 3 CH,~CH,—0O—P—0OH
: |
H
o)
T™MSD L
e CH,—CH,~~0~P~Q~—CH,
derivatisation }I1

methylethyiphosphonate

@)

TMSD i
- CH;—O‘“P--C)—CH3

dervatisation ‘11

dimethylphosphonate

Viith this method, the limits of detection (LODs) are as foliows:

0.035 pa/l for drinking water (minerai or mains watar) °

- 0.35 pg! for surface water (river water)

- for phoschorous acid:

- 0.7 ug/l for drinking water (mineral or mains water) ;

- 2.5 pg for surface water (river water).

- for fosetyi-Al;

WVith this metrad, the iimits of quantification {LOQs) are as follows:

- 0.1 ngit for drinking water (mineral or mains water) ;

- 1 ug/l for surface water (river water) ;

- for phosphorous acid.

- 2.0 (g/! for drinking water (mineral or mains water) ;

- 4.0 (g/l for surface water (river water).

+ Al

This known method of analysis nas been used for the following substrates: mineral water, mains

water and water from the Rhane river, The method of analysis has been validated for various

types of water, b analysis of non treated control samples enriched in fosetyl-Al and in

phosphorous acid to the limits of quantification and to 10 times these Jimits.
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The analysis of these enriched samples gives recovery rate values for fosetyl-Al or for
phosphorous acid, which are compared with the expected theoretical values.

As another known method of analysis, mention may be made of a methad for analyzing fosetyi-
5 Al or phosphorous acid residues present in soiis faken in Chazay d'Azergues (France), in Goch
(Germany) and in Seville (Spain).

This method itself alsc uses (rimethylsilyl}diazomethana. It is also carried out according to

Scheme 1.

in this course of this method, the fosetyl-Al and phosphorous acid residues are extracted from

tha soil samples by agitation in the presence of an ammonia buffer solution, and then the

cations that are present are removed from the extracts by means of an ion exchange resin and
the water is avaporated from the samples. Finally, the extracts obtained are derivatized by the
5 action of (trimethyisilyl)diazomethare.

Subsequently, the quantification is carried out by gas chromalography on a semi-capillary
celuma using a flame photometne detector (in the phosphorous mode; with an external
standard.

!%iH’!??¥ff.€?‘-f!€_?.!-§§‘%!¥¥¥?—‘y;

The fimit of guantifcasen (LOQ; of this method is 3.100 mygikg for @ach of the compounds.

(171

s

Tne control samples were errniched in fosetyl-Al or in phosphorous acid up to the limit of

guantification and also up to 100 times this limit.

(93]

]

Another known method for analyzing residues concerns the analysis of fosetyl-Al and
: phosphorous acid residues in plant samples, derived both from fruits and from vegetables.

This method itself also uses (trimethylsilyl)diazomethane. 1t is also carried out according to
Scheme 1.

I
(=5}
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in the course of this method, the fosetyl-Al and phosphorous acid residues are extracted from

:'* the plant samplas by milling in a mixture of water and acetonitrile. The extracts are
% subsequently purified using a C18 cartridge and are then derivatized by the action of
: 35 (trimethylsilyldiazomethane.

! Subsequently, the quantification is carried out by gas chromatography on a semi-capillary
?‘2{ column using a flame photomatric detector (in the phosphorous mode) with an external
*"“ standard.
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The analysis of these enriched samples gives recovery rate values for fosetyl-Al or for
phosphorous acid, which are compared with the expected theoretical values.

As another known method of analysis, mention may be made of a method for analyzing fosetyi-
Al or phosphorous acid residues present in soiis taker in Chazay d'Azergues (France), in Goch
(Germany) and in Seville (Spain).

This method itself alsc uses (rimethylsilyl)diazomethana. It is also carried out according to

Scheme 1.

In this coursa of this methad, the fosetyl-Al and phosphorous acid residues are extracted from
tha soil samples by agitation in the presence of an ammonia buffer solution, and then the
cations that ar2 present are removed from the extracts by means of an ion exchange resin and
the water 15 avaporated from the samples. Finally, the extracts obtained are derivatized by the

action of (trimethyisilyl)diazemethare.

Subsequerntly, the quantification is carried out by gas chromatography on a semi-capillary
column using a flame photometne detector (in the phosphorous mode; with an external
standard.

The iimit of guanticasen (LOI; of this method is 0.100 mg/kg for each of the compounds.

Tne conirol samples were ernched in fosetyl-Al or in phosphorous acid up to the fimit of

guantification and also up to 100 times this limit.

Another known method for analyzing residues congerns the analysis of fosetyl-Al and

phosphorous acid residues in plant samples, derived both from fruits and from vegetatles.

This method itself also uses (trimethylsilyl)diazomethane. It is also carried out according to
Scheme 1.

in the course of this method, the fosetyl-Al and phosphorous acid residues are extracted from
the plant samplas by milling in a mixture of water and acetonitriie. The exiracts are
subsequently purified using a C18 cartridge and are then derivatized by the action of
(trimethylsilylidiazomethane.

Subsequently, the guantfication is carrled out by gas chromatography on a semi-capillary
column using a flame photomatric detector (in the phosphorous mode) with an external
standard.

LU
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The lirmit of quantification of this known method is 0.50 mg/kg for each of the products, with the

exception of hop, for which this limit is 2.0 mg/kn for fosetyl-Al and 20.0 mg/kg for phosphorous
acid.

This method has been used cn samples of bunches of grapes, of cranges, of bananas, of
strawberries, of lettuce and of cucumbers. The control samples were enriched, in particular up
to the limit of quantification.

Yet another known method for analyzing residues concerns the analysis of fosetyl-Al or
phosphorous acid residues in animal tissues or products of animal origin, such as milk, bovine
meat, bovine kidneys, bovine liver or eggs.

According 10 this study, the residues of compounds to be analyzed are extracted from the

samples by double milling in a3 water/acetonitrile mixture (50/50, 20/80 for milk).

An aliquot of the extract is subseqguently purified by means of a C18 cartridge (except for milk),

“he purified extract is subsequently derivatized with a solution of TMSL.
Tnis methad of anaiysis also follows Schame 7

Tne quantification is carried out by gas chromatography on a DB Wax colurnn using a flame
pnotometric detector in the phosphorous mode.

The limits of quantification ara as foilows:
- 0.50 mg/kg for fosetyl-Al and phosphorous acid in bovine meat, bovine kidney,
bovire liver and eggs ;

- 0.10 mg/kg for fosetyl-Al and phosphorous acid in mitk.

For this method, non treated control samples were prepared and analyzed, along with samples

enrched {o the limit of quantification and also to several times this limit.

The known methods of analysis that have just been mentioned are in accordance with the
provisions of Europear directive No. 46 from 1996 (96/46/EC of 16 July 1998), in particular with
raspect to the following characteristics:

- for each of the substrates and each level:

- the mean of the recovery rates should be between 70 and 110%
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The lirmit of quantification of this known method is 0.50 mg/kg for each of the products, with the
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Yet another known method for analyzing residues concerns the analysis of fosetyl-Al or
phosphorous acid residues in animal tissues or products of animal origin, such as milk, bovine
meat, bovine kidneys, bovine liver or eggs.

According 10 this study, the residues of compounds to be analyzed are extracted from the

samples by double milling in a3 water/acetonitrile mixture (50/50, 20/80 for milk).

An aliquot of the extract is subseqguently purified by means of a C18 cartridge (except for milk),

“he purified extract is subsequently derivatized with a solution of TMSL.
Tnis methad of anaiysis also follows Schame 7

Tne quantification is carried out by gas chromatography on a DB Wax colurnn using a flame
pnotometric detector in the phosphorous mode.

The limits of quantification ara as foilows:
- 0.50 mg/kg for fosetyl-Al and phosphorous acid in bovine meat, bovine kidney,
bovire liver and eggs ;

- 0.10 mg/kg for fosetyl-Al and phosphorous acid in mitk.

For this method, non treated control samples were prepared and analyzed, along with samples

enrched {o the limit of quantification and also to several times this limit.

The known methods of analysis that have just been mentioned are in accordance with the
provisions of Europear directive No. 46 from 1996 (96/46/EC of 16 July 1998), in particular with
raspect to the following characteristics:

- for each of the substrates and each level:

- the mean of the recovery rates should be between 70 and 110%
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- the repeatability, expressed as variation coefficient (ratio of the
standard devigtion to the mean for the sample concerned, expressed as a
percentage) should be at most 20%
- for each of the substrates, the total variation coefficient (all levels included) should
5 be at most 20%.

, Another known methed for analyzing fosetyl-Al is described in an arlicle entitled Rapid
determination of fosetyl-Al residues in lettuce by liquid chromatography/electrospray tandem
mass spectrometry (Hernandez et al., Journal of AOAC International, Vol. 86, No. 4, 2003).

T o

The method gescribed concerns the quantification of fosetyl-Al residues in plant samples that
are derived from lettuce. The method requires a step consisting of extraction with water by

means of & high-speed mixer, followed by the injection of a 5-fold diluted extract into a liquid-
ol phase chromatograph

: The fosetyl-Al is therefare auantified by liguid chromatogranhy coupled to electrospray tandem
%
mass spectromstry after addition of tetrabutylammonium acetate as an-ionic pairing agent.
N
The analysis cf samples of letiuce enriched at 2 and 0.2 mg/kg is reported. The limit of
'i 1 quantification is 0.2 mglkg, whergas the limit of detection of fosetyl-Al is ©.05 mg/ka.
” However many of thes2 kncwn methods of analysis require a chemical derivatization step.
such an additional step somplicates the analysis and very substantially prolongs the duration
'.'g,:' theraof. Furthermore, the implemeantation of this step requires specific expertise and increases
25 the financial cast of these methods.
”* 'n addition, during such a derivatization step, the derivatizing agents used, which may be
o TMSD, diazomathane or other alternative derivatizing agents, are reactants which, in addition to
b
-‘1; tnair nigh cost, present considerable risks when they are used. Among the risks encountered
30 when using such derivatizing agents, mention may be made of their toxicity and also their
" explasiveness. The use of such agents also results in a high cost.
2
3 Maoreaver, these known methods comprise many handling steps (evaporations, re-dissolutions,
} sample transfers) increasing, accordingly, the loss and dissemiration of the compounds to be

35 analyzed. Such a dissemination of compounds can also pose the problem of its environmental
impact, in particular when the effluents derived from these methods of analysis are retreated.

Furthermore, these known methods have the major drawback of not being specific for particular

compounds. This lack of specificity can result in compounds for which the protection and
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quantification characteristics are similar, not being differentiated. Qther known methods have
the disadvantage of only allowing the analysis of fosetyl-Al alone, without being able to carry cut
the simultaneous analysis of phosphorous acid, for example.

Some of the known methods are described only for particular matrices : for example, one

atready known method concerns only particular plant tissues derived from lettuce.

Finally, these known methods do not make it possible to achieve certain stricter limits of
quantification, in particular the imits of quantification ensuing from recent regulations, for
axamgle directive 95/46/EC of 16 July 1996.

A method of analysis has now been found which makes it possible to provide a solution to these
problems or to prevent these drawbacks related to the known methods.

Thus, the present invention relates to a methed for analyzing residues of pesticidal compounds.

The methcd according to the invention may be suitable for the analysis of pesticidal
compounds, whether they are fungicides. herbicides, insecticides or growth regulators.

Adveniagesdsly, (ne methed of analysis according to the invention is used for analyzing

rasidues of fungicidal compounds.

Particutarly advantageousiy, the method of analysis accerding to the invention is used for
araiyzing fosetyl-Al residues and phosphorous acid residues.

fosetyl-Alis a fungicidal compound of phosphonic acid type, the chemical name of which is athy
hydrogen prosphonic acid aluminium salt, having the formula

3
| B “Ff Al
| !

L 3

_0

Phosphorous acid has the formula H4yPQ,.

Thus, among other advantages. the method of analysis according to the present invention is of
great simplicity. Furthermore, this method is direct and it makes it possible to achieve levels of
quantification of the pesticidal compounds analyzed that have never before been achieved.
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The method according to the invention is also particularly advantageous from an environmental
point of view, and also economicaily.

In general, the present invention relates to a method for analyzing one or more pesticidal
compounds present in amounts of less than or equal to 0.00005 mg/kg, preferably iess than or
equal to 0.000005 mg/kg, more preferably less than or equa! to 0.0000005 mg/kg of a sample,
comprising the following steps:

- preparation of the sample ;

- optioral dilution of the sample prepared

direct analysis of the optionally diluted sample by high performance liquid
chromatography (HPLC/tandem mass spectrometry (MS/IMS).

For the liquid samples analyzed according to the present invention, the limits of quantification
can be expressed in mg/. Those skilled in the art will be able to make the necessary

conversions,

The method of analysis accerding to the invention may comprise a step consisting of dilution of
the sample prepared.

The method of analysis according to the invention is suitable for the simultaneous analysis of
several pesticidal compounds which may be fungicigal, herbicidal, insecticidal or growth-

ragulating compounds.

Preferably, the method according to the invention is used for the analysis of fungicidal
compounds chosen from phosphorous acid or a derivative thereof ;| phosphonic acid or a
derivative thereof . preferably for the analysis of fosatyl or of one or mere salts thereof ; mere
preferably for the analysis of fosetyl-Al or of phosphorous acic.

Particularly advantageously, the method of analysis according to the invention is used for the

simultanecus analysis of phosphorous acid and of fosetyl-Al

Preferably, the method of analysis according to the invention can be used for the analysis of
samples chosen from plant tissues, preferably a plant matrix with @ high water content, a plant
matrix with an acidic pH, a dry plant matrix, a fatty plant matrix ; water, preferably mineral water,
underground water, mains water or surface water ; soils ; animal products or tissues, preferably

miik, eggs, liver, kidneys, fats, muscle ; air ; agrofood products, preferably converted, and
human body fluids such as blood and urine.
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For the method of analysis according to the invention, the preparation step can be chosen from
an extraction for piant tissues | soils ; animai products or tissues and converted agrofood

groducts ; optional concentration for water and trapping for arr,
3 Such a concentration step may also be used for other samples.

For the method of analysis according to the invention, the dilution step can be carried cut in an
aqueous scivent, which may be acidified, preferably chosen from formic acid, acetic acid or
trifluoroacetic acid ; or in an crganic solvent, preferably acetonitrile or methanol, which may be

> acidified | or altar-atively in a mixture-of such solvents.

According to a first carticular aspect of the invantion, it relates to a method for analyzing one or
maore pesticidal compounds present in amounts of less than or equal to 0.005 mg/kg, preferably
iess than or egual to 0.00005 mg/kg, more preferably less than or equal to 0.0000005 mg/kg of
3 a water sample. comprising the following steps:
preparation of the water sample |
optional dilution of the sample prepared ;
- direct analysis of the cptionally diluted sample by high performance liquid
chromatography (HPLCYiandem mass spectrometry (MS/MS).

Ve methad for apalyzing 2 watar sampie according to the invention may comprise a step

cansisting of dilution of the sampie preparad.

Tha method for analyzing a water sample according to the invention is suitable for the
25 simuitanecus analysis of several pesticidal compounds which may be fungicidal, herbicidal,

msecticidal ¢r growth-ragulating compounds.

Preferably, the methed for analyzing a wate- sample according to the invention is used for the
analysis of fungicidal compounds chosen from phospnerous acid or a derivative thereof

3¢ phosphoric acid or a derivative thereof ; preferabiy for the analysis of fosetyl or ane of mare
salts tnereof ; more preferably for the analysis of fosetyl-Al

Particularly advantageously, the method for analyzing a water sampie accerding to the inventior
is used for the simultanaous analysis of phesphorous acid and of fosety(-Al

Preferably, the method for anaiyzing a water sample according to the invention can be used for

the analysis of samples chosen from mineral water, underground water, mains water or surface
water,
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For the method for analyzing a water sample according to the invention the preparation step
may be a concentration.

For the method for analyzing a water sample according to the invention, the dilution step may
5 be carried out in an agueous solvent, which may be acidified, preferably chosen from formic
acid, acetic acid or trifluoroacetic acid ; or in an organic solvent, preferably acetonitrile or

methanol, which may be acidified ; or alternatively in a mixture of such solvents.

According to a second particular aspect of the invention, it relates to a method for analyzing one
> or more pesticidai compounds present in amounts of less than or equal to 1 mg/kg, preferably
less than or equal to 0.01 mg/kg, more particularly less than or equal to 0.001 mg/kg of a plant
tissue sample, comprising the following steps:
- preparation of the plant tissue sample :
- optional dilution of the sample prepared ;
15 - direct analysis of the optionally diluted sample by high performance liquid
chromatography (HPLC)/Aancem mass spectrometry (MS/MS).

The method for analyzing a plant tissue sample according to the invention may comprise a step
consisting of dilution of the sample prepared.

The metrod for analyzing a plant tissue sample according ‘o the invention is suitable for the
simultanecus analysis of several pesticidal compounds which may be fungicidal, herbicidal,

nsesticidal or growth-regulating compounds.

25 Preferably, the method for analyzing a plant tissue sample according to the invention is used for
the analysis of fungicidal compounds chosen from phosphorous acid or a derivative thereof :
phosphonic acid cor a derivative thereof | preferably for the analysis of fosetyl or one or more
salts thereof . more preferably for the analysis of fosetyl-Al.

3¢ Particularly advantageously, the method for analyzing a plant tissue sample according to the
invention is used for the simultaneous analysis of phosphorgus acid and of fosetyl-Al.

Praferaoly, the method for analyzing a plant tissue sample according to the invention can be
used for the analysis of samples chosen from a plant matrix with a high water cortant, a plant
matrix with an acidic pH, a dry plant matrix and a fatty plant matrix.

[
un

The method of analysis according to the invention can be used for the analysis of a sample of
plants chosen from wheat, barley, potato, cotton, proteinaceous crops. oil-bearing crops, maize,
flax, rice, vegetable crops, fruit trees, grapevine and beetroot.
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For the method for analyzing a plant tissue sample according to the invention, the preparation
step may be an extraction of the plant tissues. This preparation step may also comprise a
concentration of the sample.

For the method for analyzing a plant tissue sample according to the invention, the dilution step
can be carried out in an aqueous solvent, which may be acidified, preferably chosen from formic
acid, acetic acid or trifluoroacetic acid ; or in an organic solvent, preferably acetonitrile or

methanol, which may be acidified ; or alternatively in a mixture of such solvents.

Ascording to a third particu'ar aspect of the invention, it relates to a method for analyzing one or
mera pesticidal compounds present in amounts of less than or equal to § mg/kg, preferably less
than cr equal to C.C5 mg/kg, mere particularly less than or equaf to 0.005 mg/kg of a sail
sample. comprising the following steps:
0 - preparation of the soil sample |
optional dilution of the sample prepared ;
- diract analysis of the optionally dijuted sample by high performance liquid
crromatography (HPLC)tandem mass spectrometry (MS/MS).

o Ths methed for analyzing a soil sample according tc the invention may comprise a step

consisting of dilttinn of the sampla prepared.

The method for analyzing a soil sample according to the invention is suitable for the

sriultaneous analysis of several pesticidal ccmpounds which may be fungicidal, herbicidal,

2%
o

insecticidal or growth-regulating compounds.

Preferably, the method for analyzing a scil sample according to the invention is used for the

analysis of fungicida' compounds chosen from phosphorous acid or a derivative thereof :

ghosphonic acid or a derivative thereof | preferably for the analysis of fosetyl or one or mere
30 saits thereof - more preferably for the analysis of fosetyl-Al.

Farticularly advantagecusly, the method for analyzing a soil sample according to the invention is

used for the simultanecus analysis of phosphorous acid and of fosetyl-Al.

T
o

The method for analyzing a soil sample according to the invention can be used for the analysis
of any type of soil, for example clayey, sandy or chalky soii.

The methad for analyzing soil acceording to the invention can pe used for cultivated scils or for
bare soils, in particular before a crop or after harvest.




30

WO 2006079366 PCT/EP2H06/001433

N

For the method for analyzing a soil sample according to the invention, the preparation step may
be an extraction of the sail sample. This preparation step may also comprise a concentration of
the sample,

For the metred for analyzing a scil sample according to the invention, the dilution step can be
carried out in an agueous solvent, which may be acicified, preferably chosan from formic acid,
aeetic acid or triflucroacetic acid ; or in an organic solvent, preferably acetonitrile or methanol,
which may be acidified ; or alternativaly in a mixture of such solvents.

Aceording to a fourth particular aspect of the invention, it refates to a method for analyzing one
or more pesticidal cempounds present in amounts of less than or equal to 0.1 mg/m?®, preferably
[2s3 tnan or equal ic 0.01 mg/m:’, more particularly less than or equal to 0.001 mg/m3 of an air
sample, comprsing the following steps:
preparation of the air sample

- optianal dilution of the sample prepared ;

- direct analysis of the optionally diluter! sample by high performance liquid

chromatography (HPLC)tandem mass specirometry (MS/MS3).
The methed for analyzing an air sample according to the invention may comprise a step

zonsisting of ¢iuticn of the sample prepared.

The method for enalyzing an air sample accerding to the invention is suitable for the
simultanecus analysis of several pesticidal compcunds which may be fungicidal, herbicidal,
ingecticidal or growth-regulating compounds.

Preferably, the method for analyzing an air sample according to the invention is used for the
analysis of fungicidal compounds chosen from phosphorous acid or a derivative thereof -
phosphonic acic or a Jerivative thereof ; preferably for the analysis of fosety! or of one or more
salts thereof ; more preferably for the analysis of fosetyl-Al,

Particularly advantageously, the method for anajyzing an air sample according to the invention
is used ‘or the simultaneous analysis of phosptorous acid and of fosetyl-Al.

For the method for analyzing an air sample accordirg to the invention, the preparation step may
be a trapping.

For the methed for aralyzing an air sample according to the invention, the dilution step can be

carried out in an aqueous solvent. which may be acidified, preferably chosen from formic acid,
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acetic acid or triflucroacetic acid ; or in an organic solvent, preferably acetonitrite or methanol,
which may be acidified ; or alternatively in a mixture of such solvents.

According to a fifth particular aspect of the invention, it relates to a method for analyzing one or
more pesticida: compounds present in amounts of less than or equal to 0.00005 mgikg,

o

preferably less than or equal to 0.0C0005 mg/kg, more praferably less than or equal to
5.0000005 mg/kg of a sample of @ human body fluid, comprising the following steps:
- preparation of the human body fluid sample ;
- optional dilution of the sample prepared ;
- direct analysis of the optionally dilutled sample by high performance iiquid
chromategraphy (HPLC)tandem mass spectrometry (MS/MS),

the mathod for analyzing a sample of a human body fluid according to the invention may
comprise a step consisting of ditution of the sample prepared.

The methed for analyzing a sample of a human begy fluid according to the invention is suitable
for the simultaneous analysis of several pesticidal compounds which may be fungicidal,
herbicidal. insecticidal or growth-regulating compounds.

Praterably the method for aralyzing a sample of @ human body fluid according to the invention
% used for the analysis of fungicidal compounds chosen from phosphorous acid or a derivative
tnereot | phicsphonic acid or a denvative thereof ; preferably for the analysis of fosetyl or of one
or mere saits thereof | mare preferably for the analysis of fosatyl-Al

(3]
[54%

Particularly advaniageously, the method for analyzing a sampie of a human body fluid according
to the invention is used for the simultaneous analysis of phasphorous acid and of fosetyl-Al,

referably the method for analyzing a sample of a human body fluid according to the invention
can be used for the analysis of a sample chosen from numan blood and human urine,
e
For the methed for analyzing a sample of a human oody fluid according to the invention, tha
diiution step can be carried out in an aguecus solvent, which may be acidified, preferably
cnosen from formic acid, acetic acid or trifluoroacetic acid ; or in an organic solvent, preferably

acetonitrie or methanaol, which may be acidified © or alternatively in a mixture of such solvents.

&ccording tc a sixth particular aspect of the invention, it relates to a method for analyzing one or
more pesticidal compounds present in amounts of less than or equal to 1 mg/kg, preferably less

than or equal to 0.01 mg/kg, more preferably less than or equal to 0.001 mg/kg of a sample of
animal products or tissues, comprising the following steps:
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- preparation of the sample of animal products or tissues ;

- optional dilution of the sample prepared ;

- direct analysis of the optionally diluted sample by high performance liquid
chromatography (HPLC)/tandem mass spectrometry (MS/MS).

Tre method for analyzing a sample of animal products or tissues according to the invention may

comprise 2 step consisting of dilution ¢f the sample prepared.

The methed for analyzing a sample of animal products or tissues according to the invention is
suitacie for the simuitanaous analysis of several pesticidal compounds which may be fungicidai,
haroicidal insecticidal or growth-regulating compounds.

Preferably, the metnod for analyzing a sample of animal products or tissues according to the
invention is used for the analysis of fungicidal compounds chosen from phosphorous acid or a
derivative thereof | phosphanic acid ¢r a derivative thereof ; preferably for the analysis of foseatyl
zr of one or more salls therecf | more preferably for the analysis of fosetyl-Al

Particularly advantageously, the method for analyzing a sample of anima! products or tissues
according to the invention is used for the simultanesus analysis of phosphorous acid ang of
fosetyl-Al

Praferably. the mathod for analyzing a sample of animal products or tissues according to the
mvention can be used for the analysis of a sample chosen from milk, eggs, liver, kidneys, fats
ard muscie.

For the method for analyzing a sampie of animal products or tissues according to the invention
the dilution step can be carried out in an aqueous solvent, which may be acidified, preferably
chosan from formic acid, acetic acid or trifluoroacetic acid : or ir an organic solvent, preferably

acetonitrile or methanol. which may be acidified ; or alternatively in a mixture of such solvents.

For the method for analyzing a sample of animal products or tissues according to the invention,
the preparation step may be an extraction cf the animal products or tissues. This preparation
step may als? comprise a concentration of the sample.

According to a seventh particular aspect of the invention, it refates to a method for analyzing
one cr more pesticidal compounds present in a converted agrofood product sample. This
metncd for analyzing a converted agrofood product sample according to the invention is similar
to the method for analyzing a piant product sample according to the invention, in which the plant
product sample is repiaced with a converted agrofood product sample.
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The various steps and preferences ara also similar.

For the various aspects of the invention, In the analysis step, the external standards used are
orzpared in the presence of a malrix of the same nature as the samgle o be analyzed.

The examples which follow are given by way of illustration of the various aspects of the
nivention. These examples do not limit the scope of the invention. in particular, those skilled in
the art will be able to adapt or madify some of the steps of the method of analysis according to
tre ipventicn according to the specific needs with which they will be confronted. Such
modifications or adaptations are part of the scope of the present invention,

Exarmple 3
Tris example concerns the analysis of fosetyl-Al ang of phosphaorous acid using plant tissue

sampl2s. The plant matrices are derived from crops: of cucumber, of orange, of lettuce, of grape
angd of avocado.

N

Ada 80 mi of tre water/acetonitrife mixture (50/50, velumelvolun:a).
Mill thz sample for 5 minutes using an IKA T25-type mill,
Centrifuge for 5 minutes at 3600 rpm at 5°C.

Transfer the supernatant into a 200 mi volumetric flask,

> oo s w

Teke up the pellet with 80 mi of the water/acetonitrile mixture (50/50,
volume/volume).

7. Miil the sample again for 5 minutes.

8. Centrituge for 5 minutes at 3600 rpm at 5°C.

9.  Transfer the supernatant into the 200 ml volumetrir flask.

10, Adjust to 200 mi using methanol,

11, Centrifuge an aiiquot of approximately 12 mi for 10 minutes at 6000 rpm at ambient
temperaturs.

12. Filter the supernatant through a PTFE fiiter (cf the type Acrodisc CR 25 mm,
0.45 pmy.

13, Dilute the filtrate 5 times using mathano! anidified with 0.5% formic acid.

14. Analyze by high performance liguid chromatography (HPLC)tandem mass
spectrometry (MS/MS), or LC/MS/MS analysis.
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To implement the analysis, the calibration is carried out by axternal standardization. The
standards used must be preparad in a matrix of the same nature as the samples that are the
subject of the specific analysis.

3
Analytical conditions for step 14
High performance iiquid chrematography (HPLC) conditions:
1 Coalymr: Hypercarb, 100 x 3.0 mm, 5 um
Precowmn: Phenomenex C18 ODS, 4 x 2.0 mm
Mobile phase: water acidified with 0.5%
formic acid/methanol  (85/35, volume/volume)  isocratic
mode
13 Fiow ratz, 400 plmin
Calumn temperature; ambient
Injection volume: 20 !
Bafore thiz snalysis. the chromatographic system is left to stabiiize for approximately 2 hours.
Tandam rmass spactrometry (MS/MS) conditions:
Dztector triple guadrupole, type ARPIJ000 Sciex Instrument
Interface: TIS (Turbo lon Spray)
Scan type: MRM (Multiple Reaction Monitoring) mode
25  Polarity: negative
(Gas inlet pressure; nitrcgen: 4 bar
air; 7.5 bar
air (exhaust). 4 bar
Gas flow rate: nebulizing gas (air, G81):.40
30 turbo gas (air, G52):60
protective gas (nitragen, CUR):20
collision gas (nitrogen, CAD).8
High veltage TIS (IS):  -45C0V
Saurce temperature.  500°C
35 Entry potential (EP). -G
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Collision energy:

E—’C—ompound " Precursor l( Product | Dwell Colisicn | Decluster- | Collision

. | ion Q1 ion Q3 time anergy ing potential cell exit

{ :} mass (armu) mass {msec) | {(CE) W) potential

| | L (amu) | eVv) (CXP)

: " | \J
TosetiAl | 1090 809 200 ED 45 A
1090 530 | 20 38 45 s
PO, 0 868 | 630 | 600 -38 -55 A
B 89 | 600 REE: s | 5

‘When the method of analysis according to the invention is used, steps 1 to 12 concern the
preparation of the sample, and step 13 concerns the dilution. Thus, step 14 concerns the
LC/IMS/MS aralysis of the piant matrix sample prepared beforehand and then diluted.

Th= results octainez from the aralysis of various plant matrices are given in detail in the tables
belaw, in which the CV values indicate the coefficient of variation. According to the present
invention, the CV vaiues can also correspond to RSD values.

These resulis warz ootained from control samples which were enriched in fosatyl-Ai and in
phesphorous acid to fimits of quantification (0.1 mg/kg for phosphorous acid and 0.01 mg/kg for
fosetyi-Al) and t 10 times these limits.

" Quantificaton T Recovery range Means | CV

| fevel l %) (%) %]

ma/kg |

010G B3 82 82 1 et [ 95 87 7.0

Toe0T i d02 102 TTT T e 59 100 33 ]

i :f L ol V| o3 85 |

15 Cucumber - phosphorous agid

EM Quantification [ N Recovery range Means cv
level : %) (%) (%]
mg/kg J

o6 8% 88 1 98 | 9 G %6 16

[’6’56’”““'?’166% 101 ] 101 | €5 | 100 | 101 37 )

L_ | T Towal GV (%] | 6§ | 34 |

Cucumber - fosetyl-Al
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Letiuce - fosetyl-Al

Quantificaticn B Recovery range Meanﬂ cV |
* level (%] [%] (%]
ma/kg l
0,100 85 99 70 78 67 76 183
71.000 97 99 107 05 99 98 2.3
B ' e Total CV %] | 87 [ 173 _’J
Qrange - phosphorous acid
T Quantfication | - Racovery range Means | CV |
i lavel ! (%) [%] [%]
; markg }
0010 :""“_" ? 102 1 100 | 98 87 | 97 97 6.0
2100 R 'eﬁ__gf‘ L B | @2 45 A_{
| Total CV[%]| 95 5.6
P — | 41
5 Oranga - fosetyl-Al
T Quantficaton | ~Recovery range Means | CV |
{i level [%) (%] 1%)
| mg/kg
(l“o_ 100 | 82 o4 E \ 79| T4 81 97
L1 o0 BRERLE . 108 88 06 [ 07 104 39 |
:1___ - ! Total CV [‘ﬂ 93 14.7
Lettuce - phoschorous acid
o
Quantification Recovery range Means cvV |
| fevel : [%] [%)] [%]
| ma/kg |
}o.mo 104 | 98 fog [ 1i3 | 1ia 108 62
| 0100 o2 106 104 { 107 107 105 2.1
i | Total CV (%] | 108 L_f_sj

Y
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T TQuantificaton . Recovery range T Means vV
| level (%) (%] (%]
: mgkg
ET'-‘WW 96 | 94 | 113 u"_ojj E.Z____ ] 99 85
1,000 100 _*_105 |04 101 101 102 21
T i , o Total CV [%] | 101 6.0
— . " Grape - phosghorous acid
5 "Quantification “'MFN Recovery range Means | CV-)
: leve! : {%] [%] [%]
| mg/kg i j
%0_016’ l 02 | 102 e | o [ 100 100 2.9
}r"olgcz_* _..____*._*.;‘_1,01' - 102 i__102 TL 102 }1 100 101 | 09
T I Total CV[%] | 101 21
Grape - fosetyl-Al
c “Quantificaticn “T*mew Recovery range 1 Means cvV |
| leve! ! (%] ’ %] %]
oo AR *T’“?T)”', ERERE 51
Pippo T T Te7r ez o103 T 1oojﬁ1oo 8.7
T ""”’"'""’“""1 ) RS TT Y I 78 J
Avocado - phosphorous acid
{7 Quantfication Recovery range Means | CV |
| level t [%] {%] {%]
| mg/kg 5
coto e T os 52 ] &4 | ® 96 50
IS T e | e 85 | 85 | 8 87 9
I ' T Yol CV %] | o1 61|
Avocado - fosatyl-Al
Example 2.

This example also concerns the analysis of fosetyl-Al and of phosphorus acid

samples. The plant matrices are derived from wheat crops.

using plant tissue

This example repeats the conditions of Example 1 up to step 9, and then steps 10 to 14 of

Example 1 ars replaced with the following steps:

B
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12, Add 1 m! of pure formic acid and adjust to 200 m using methanol.
11 Centrifuge an aliquot of approximately 10 mi for 10 minutes at 6000 rpm at ambient
temperature.

5 12, Lilute the supernatant twice using methano} acidified with 0.5% formic acid.
13, Filter through a PTFE fiiter (type Acrodisc CR 25 mm, 0.486 pm).
14 Analyze by high performance liquid chromatography (HPLC)/tandem mass
spectromatry (MS/MS), or LC/IME/MS analysis.

1 Forthe rest this example is identical to Example 1

Tre results obtained from the analysis of a wheat sample are given in detail in the table below,
in whi=h CV indicates the coefficient of variation.

5 Theue results wera ob'ained from control sampies which were enriched in fosetyl-Al and in
phosghorous acid to the limits of quantification (0.1 mg/kg for phospherous acid and 0.01 mgikg
for fosetyl-Al) and to 10 times these limits,

- Guantfication r Recovery range "7 Means | CV |
4 evel | [%! e | %)
| mgikge ) L ;
G100 Cso Tea Tl (02 [0y ] 98 5.8
oo ] 7T ”’L e T 81 79 25 |
- Total CV %] | 89 122

Wheat - phosphorous acid

;”"”aﬁrﬁ%@a‘"”l Recovery range MMeans | CV ]
level I [%] [o/n] [0/0]

! mg/kg 1 {

i“mﬂ‘““”“””{”?éﬂl 92 r 93’ 85 | 82 88 54

ib’_ﬁ”@‘“’“"m" T Wi 79 % 69 71 71 73 55

i"“’“‘”’“‘“'w'”j“” ' Total CV [%]L 80 10.9

Wheat - fosetyl-Al

For these two examples, the results obtained are in accortance with the regulatory provisions
(96/48/EC of 18 July 1996).
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Furthermore, these results made it possible to attain limits of quantification that are below the
limits available with the previously known metheds.

These examples also demonstrate the simplicity and the greater safety of the method according
{0 the invention.

Example 3

This detailed 2xample concerns the analysis of fosetyl-Al and of phosphorous acid using plant
tissue samples. This example is a modification M00T to the Analytical Method 00881 for the
(2 determinaticn of residues of fosetyl-Al and its metabolite (phosphorous acid) infon grape,

orange, lettuce, cucumber, avecado and wheat by LCMSMS.
Description:

g Data Requirement:
EU Council Directive 81/414/EEC amendad by Commission Directive 96/68/EC
European Tommission Guidance Document for Generating and Reporting Methods of Analysis
in Support of P -Registration Data Requirements for Arnex Il (Part A, Section 4) and Annex 1)
{Part A, Section 5) of Diractive §1/414, SANC0O/3025/99

Eurogean Commission Guidance Document fur on Residue Analvtical Mathods, SANC(O/825/00

T
(3]

Summary:

The presented residue analytical method modification 00881/MO01 was validated for the

determination of residues of fosetyl-Al and its metabolite (phcsphorous acid) in grape {whole
25 fruit), crange (whole fruit), lettuce (head), cucumber (whole fruit),avocado (whole fruit), and

wheat (grain} by LC/MS/MS.

fosetyl-Al and its metabolite {phosphorous acid) were extracted from the sample material with a

mixture of acetonitrile/water (50/50). After centrifugation and dilution of the sample material, the

residues are quantified by HPLC using an Hypercarb column and datected by tandem mass
5 spectrometry with electrospray ionisation. The quantification was done by an externai

standardisation in matrix matched standards

The validation set included the determination of the detector linearity, the fimit of quantification,

the accuracy of the method and the storage stabifity of sample final extracts.

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
15 standards in solvent and matrix matched standards.

The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at respective

concentrations between 0.1 and & pg/l and 1 and 50 pgil, except for wheat samples betweaen

0.31 and 8.3 g/l and 3.1 and 83 pg/l.
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The occurrence of matrix effects was monitored. In all the sample materials, the measurement
of phosphorous acid must be established using matrix matched standards. So the measurement
of both compounds is established using matrix matched standards.

The apparent residues for all control samples were below 30% of the LOQ for each compound,
Le. < 0.003 mg/kg of fosetyt-Al ar.d 0.03 mglkg of phosphorous acid.

The limit of quartification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 1o 110% and an RSD of £ 20% could be obtained. The LOQ was
set at 0 01 mg/kg for fosetyl-Al and at 0.1 mg/kg for phosphorous acid in grape (whole fruit),
crange (whole fruit), lettuce {head), cucumber (whole fruit), avocado (whole fruit), and wheat
(grain;.

The accuracy of the method can be assessed on the basis of the determined recovery rates.
The single reccvery rates were in the range of 69 to 114 % for fosetyl-Al and of 65 to 113 % for
phosphorous acid. The mean recovery rates per fortification leve! were in the range of 93 to 97
% for fosatyl-Al with an overall reccvery rate over all sample materials and fortification levels of
95% and of 86 to 97 % for phosphorous acid with an overall recovery rate over all sample
materiais and fortification levels of 91 %.The accuracy of the method fulfils the requirements for
residue analytical methods which demand that the mean recoveries for each fortification level
should be in the range of 70-110%.

Tne pracision and repeatability of the method can be assessed on the tasis of the determined
relative siandard geviations (RSD) for the mean values of the recovery rates. The relative
standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3 % for fosety!-
Al and from 9.5 10 14.9 % for phosphorous acid (n=30).

The relative standard deviations (RS8D) for the single fortification levels ranged from 7.6 t0 12.3
% jor fosetylAl and frern 95 to 149 % for  phosphorous acid  (n=30).
The overall RSD values per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0
and 17.8 % for prosphorous acid (n=10). The RSD value across all samples was 10.2 % for
fosetyl-Ai and 13.7 % for phosphorous acid (n=863).

The cvarall RSD values per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0
and 17.8 % for phosphorous acid (n=10). The RSD value across all sampies was 10.2 % for
fosetyl-Al and 13.7 % for phosphorous acid (n=60). All RSD values were well below 20%, so
that the precision and repeatability of the method can be considered acceptable.

All results of the method validation are in accordance with the general requirements for residue
analytical methcds, so that this method modification has been validated successfully.

1 Introduction

Fosetyl-Al s a fungicide
The method modification 00861/M001 presented in *his report was validated in order to

suppress tre steps of clean up and derivatization, to change the analysis and detection modes

Ty

S
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and to decrease the Limit of Quantification (LOQ) of original method 208681 from 0.5 mgrkg to
.01 mg/kg for fosetyl-Al and to 0.1 mgrkg for phosphorous acid.

Table 1: LOQ and principle of analytical determination

(a‘;ompoundﬁm‘m fosetyl-Al Phosphoroys acid

t Determinad as fosetyl-Al Phosphorous acid
[Calculated as o | fosetyl-Al Phosphorous acid

[ Principle of Determination 'LC/MS/MS LC/MS/MS

10Q Tmgrkg]  Grape (whole fruif) 501 0.1

“Orange (whole fruty | 0.01 0.1

‘, Lotz Fead " "lo.01 o1 !
i Cucumber (whole fruity | 0.07 0.1

3 “Avocade (whole fruit) H'ﬂ; 0.01 0.1

L Whefii (Grain) 0.01 o EL - J

i defires as the lowes! validated fontification level

1 Citatior of the Origina! Method

Origing! Methsd: 00861

Compounds | fosetyl-Al and its metabolite (chosphorcus asid)

« Suppress the steps ¢f clean up and derivatization

« Change analysis and detection modes from GC/FPD to
LC/MSIMS

» Decrease the LOQ from 0.5 mg/kg to 0.010 mg/kg for fosetyl-Al
and to 0.1 mgrkg for phosphareus acid

Reason tor Modification

1.2 Physical and Chemical Properties
Mame of the Sutstance fosetyl-Al
Substance Code AE F053616

Chemical Name Aiuminium-tris-(ethylphosphonate)

Empirical Fcrmula CeHizg Al OgPy

Structural Formula (])l

[:H,—-——CH;—U-—-—P“—-O] , Al
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Relative Mclecuiar Mass 354 1 gimol
Monoisotopic Mass 354.0 gimol
Solubility Water 120 g/L (20°C)

Acetonitrile & mg/L (20°C)
Name of the Substance Phosphorous acid

Substance Code AE 0540089

Cnemica: Name Phosphonic acid

Empiical Formula H PO,
O
il
!
HQ ~—— P—0OH

l
|

Strucural Formula

H
<
Salale Molazular Mass $2.0 gmol
Moncisotopin Mass 82.0 gmol

2 cxperimental Saction
2 Materials
211 Apparatus

«  Stardard laboratory glass equipment, rinsed with acetone.
+ Balances:

# accuracy + 0.1 mg (analytical standards) (e.g. Mettler AT261 range)

# accuracy = 0.1 g (samples) (&.g. Mettier PM&00C)

« Dilutor (e.g. Hamifton MicroLab 500)
» High-speed blender {e.g. Ultra Turrax 725 with dispersion tool § 50 G-40G)
(e.g. IKA)

» Centrifugs {a.g. Hermlg Z513K)
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{(ex Hettich EBA12)
» HPLC {e.g. Binary Pump Agilent 1100)

(e.g. Quaternary pump Agilent 1100)
+ Auto sampler {e.g. CTC Analytics HTC PAL)

s s Triple Quadrupole HFLC-MS/MS Mass Spectrometer
(e.g. Sciex Instruments, AP 4000 System)

= Column (e.g. Hypercarb, 100 x 3.0 mm, 5 ym )

212 Reagents and Supplies

» Acefoneg, (e.g. SupraSolv® Merck)
13« Agetonitrile, (e.g. Supra3olv® Merck)

« MNethanol (e.g. SupraSolv® Merck)

«  Formic acid (e.g. Normapur Prolabo)

+ PTFE filters (25mm, 0.45 ym), (e.g. Acrodisc CR Pall Gelman)

» Polypra bettles (125 ml., wide opening) {e.g. Nalgen)
«5 e Conical centrifuge tube 15 mi (e.g. Merck 01 142.518)

+ Exiraction solvent : Acetonitrile / water (50/50, v/v)

¢ Solvert for dilution Methanol with 0.5 % HCOQH

» Nobile phase solvent: Water with 0.5 % HCOOH

213 Refarence ltem

Oniy sufiiciently characterised and certified item was used as reference jtem.
The reference item was made available by Bayer CropScience GmbH produxt Analytik, G864,

Industriepark Hachst, D-65926 Frankfurt-am-Main, Germany.

™
th

Table 2  Reference item data

| T

‘Name of Substance t Batch Number Content [%] | Date of Expiry
fosatyl-Al t 12/1080 1976 February 20, 2006
S —_— — y ,

‘phosghorous acid - [ 04911DN J96.2 March 12, 2005 |

214 Standard Solutions

Stock and standard solutions were stored protected from light in a refrigerator at around 5°C.
Stock solutions (1000 mg/L)

10 into a 100 mL amber screw-cap flask, weigh accurately between 20 and 50 mg of reference
ttam. Using a bureite. add a volume of water to obtain a stock solution of exactly 1000 mg/L. Mix

thoroughly urtil complete dissolution using a magnetic stirrar. Two separate stock solutions
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must be praparad for each ccmpound. After comparisen of these two stock solutions, they are

mixad.

Mixture solution

First dilute 10 times fosetyl-Al stock solution with water. Then pipette 5 mL of it and 5 mbL of
chosphorous acid stock solution using a class “A™ pipette. Pour into a class "A™ 50 mL
volumetric flask. Adjust volume with water, cap and mix by shaking : Mixtura solution {10 mg/L

fosetyi-Al - 100 mg/L phosphorous acid).

Fortifying standard sclutions

The mixurs solution is also used as fortifying standard solution for recoveries at 10LOQ fevel.
Diluta it 10 times with water to obtain the fortifying standard solution used for recoveries at LOQ

wavel

Standard solutions in solvent

By appropriate dijuticn of the fortifying solution used for recoveries at LOQ level (1 mg/L fosetyl-
Al - 1¢ mg/L phosphorous acid), prepare the intermediate standard solution at 0.05 mg/l of

fosetyl-& and 0.5 ma/L of phosprorous acid using methanoi with 0.5% formic acid.

Stardard sclutions 1 3otvent

To attain the siandard solutions usad for calibration, dilute extemporaneously using a dilutor
and methanol with 0.5% formic acid, the intermediate standard solution to obtain the following
concentrations 0.1 pg/L fosetyl-Ai - 1 pg/L phosphorous acid, 0.2 pg/l. fosetyl-Al - 2 ug/L
phosphorous acid. 0.5 pg/l fosetyl-Al - 5 pg/L phesphorous acid, 1 pg/L fosetyl-Al - 10 pg/L
ohesphoreus acid, 2 ug/L foselyl-Al - 20 ua’/t phosphorous acid and 5 ug/L fosetyl-Al - 50 ug/l

shosphorous 3cid.

For wheat samples onfy, dilute axtemporaneously using a dilutor and methanol with 0.5% formic
acid, the intermediate stanfard solution to obfain the following concentrations - 0.31 pg/L
fosetyl-Ai ~ 3.1 ugil phosphoreus acid, 0.5 g/l fosetyl-Al - 5 pg/L. phosphorous acid, 0.83 ug/t
‘osatyl-Al - 8.3 pg/L phasphorous acid, 1 pg/L fosetyl-Al - 10 ug/l. phosphorous acid, 2.5 pg/L
fosetyl-a1 - 25 pgit phospnerous acid, 5 pg/L fosetyl-Al - 50 ug/L phosphorous acid and 8.3
ug/l fosetyl-Ai - 83 ug/L phosphorous acid.

P
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Matrix matched standeard solutions used for calibration

The occurrence of matrix effects was monitored. and the measurement of both compounds is

astablished using matrix matched standards in ail the sample materials.

From the intermediate standard solution, the dilutions are the same as preparation of standard

5 solutions in solvent, except the difution mixture which is the final extract of a control sample.

Remark : 20 to 25 mL of final extract are necessary to make all dilutions. If the step of filtration

is difficuit, several fiiters can be used.

215 Stability of the standard solutions

Tr.e stock solutions, stored protected from light in a refrigerator at around 5°C, were found to be

stable for 4 months and a half.

The fortifying standard sclutions, stored protecied from light in a refrigerator at around 5°C,

weara found to be stable for 2 months and a half.

22 Residue Analvtical Methodology

Some medifications cempared to the original analytizai method were introduced

Th= method modification C0861/MO01 presented in this report was validated in order to
supprass the steps of zlean up and derivatization. 10 change the analysis and datection modes
and to decrease the Limit of Quantification (LOQ) of original mathod 00861 from 0.5 myg/kg to

2C 0.01 mg/kg for fosetyl-Al and to 0.1 mg/kg for prosphorous acid.
* The Limit of Quantification was decreased from 0.5 mg/kg to 0.01 mg/kg for fosetyl-Al and

10 0.1 mg/kg for phosphorous acid.

+ The C18 SPE cartridge clean-up step was suppressed.
» The derivatization step was suppressed.
iy = The quantification was carried out by LC/MS/MS instead of GC/SPD.

Ail modifications ware included in the description below.

A flow chart of the method is given in Appendix 1.

0 For racovery expenments. samples are fortified by adding the appropriate standard solution to

the sample material after weighing and before extraction.

1. Weigh 20.0 g of homogeneous sample material into a 125 mL polypropylene bottle.
35 Ncte: weight of the sample is used for residue calculation, addressed as variable G

2. Add 80 mL of acetonitrile / water (50/50, vIv)
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Bierd the sampie using a high-speed blender (IKA or equivalent) for approx. 5 minutes.
Centrifuge the extract (3600 rpm - 5°C) for approx. § minutes.

Pour the supernatant into a 200 ml volumetric flask.

Add 80 mL of acetonitrile / water {50/50, v/v) on the bottom.

Blend the sample using a high-speed blender (IKA or equivalent) for approx. 5 minutes.
Centrifuge the extract (3800 rpm — 5°C) for approx. 5 minutes.

Peur the supernatant into the volumetric flask.

0. Maxe-up to 200 mL with methanol. This is the Extract A.
Note: vowmne of extract A is used for residue calculation, addressed as variable V

11 Centrifuge an aliquot of about 10 mL of Extract A (6000 rpm - ambient) for approx. 10
minutes.

12. Filter the supernatant thiough an Acrodisc CR 25 mm PTFE filter (0.45 pm).

13. Dilute five times the extract using acidified mathanol with formic acid 0.5 %. This is the
Final Extract.

14. Proceed to LC/MS/MS measurement, Chapter 2.3.

N o

= © o

Femark . for wheat samples. from stage 10, follow the preparation as described below :

1C. Add 1 ml of conzentratad formic acid and make-up to 200 mi, with methanal, This is the
Extract A.

Mcte: volume of axtract A is used for residue calculation, addressed as variable V
*1. Centrifuge an aliquot of about 10 mL of Extract A (€C00 rpm — ambient) for approx. 10

minutes.

12 With giutor. dilute fwice the supernatant using methano! with formic acid
05 %

12 Filter the 2«tract through an Acredisc CR 25 mm PTFE filter {0.45 ym). This is the Final
Extract.

14, Proceed to LC/MS/MS measurement, Gnaptar 2.3

ta
#3)

2.3 Anaivsis ard Instrument Conditions

The final extracts are injected into a high performance liquid chromatograph and detacted by

tandem mass spectrometry with electrospray ionisation.
The quantirication is carried aut by external standardisation using matrix matched standards.

Exemplary LC/MS/MS conditicns that were used in the course of this method validation are
listad in chapters 2.3.1 and 2.3.2. These conditions are given as a guidance and may have to
te adapted for other HPLC-MS/MS systems,

2.31 HPLC Conditions

Instrument: Binary pump Agilent 1100
Quaternary pump Agilent 1100 (make-up solvant )

Auto sampler: CTC Analytics HTC PAL
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Cotume: Hypercarb, 100 x 3.0 mm, 5 um
Prezolumn: Phencmenex C13 ODS. 4 x 2.0mm
Injection Volume: 20 L

Column temperature:  ambient (about 25°C)

Mobile Phase. Isocratic mede: 35/ 65 (viv) Methanol / water + 0.5% formic acid

Flow {Columnj: 400 gl/min

Retention Times: from 4 to 8 min for phosphorous acid and from 7 to 10 min for
fosetyl-Al

Divert valva, Vaive situated between the analytical column and the MS/MS system.

Tnis valve was used to protect the ion source from contamination and to reduce the risk of ion
supbressicn occurring, tha sluant from the firs! minutes of the run was diverted to waste and a
make-up flow was used to obviate the need for the ion source to stapilize after diverting the LC

alient flow back to the mass spestrometer,

Make up sclvent: 50750 (viv} Methano!/ water
Civer flew: 2C0 pl/min
Remarks

» ltis necassary o wait ahout 2 hours the stabitisation of the HPLC system before injecting.
During a samples set, a light drift of retention time of both compounds can be observed.
* Hypercarb pracolumn must not be used.

2.3.2 M3/MS Cenditions

The experiments were performed on a triple-quadrupole mass spectrometer system, fitted with
an electrospray interface cperated in the negative ion mode under MRM {multiple reaction

rmenitoring) conditions.

For nstance;

Detecter: Triple Quadrupole HPLC-MS/MS Mass Spectrometer,
e.g. Sciex Instruments, AP| 4000 System

Source: T1S (Turbo lor Spray)

Temperature:  500°C

Scan Type: MRM-Mode (Muttiple Reaction Monitaring Mode)
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Polarity: Negative ion mede
Gas Flows: Nebulization Gas Air (GS51):40
Turbo Gas Air (GS2): 60

Curtain Gas N; ICUR); 20

Collision Gas N; (CAD): 6Collision Enargy:

i | i

; c ) Precursor fon | Product lon ‘ Dwell Time | Collision Enargy

| Compoun !

f Q1 Mass (amu) } Q3 Mass (amu) (msec) V) l
' i o
| | B | W
| fosetyl-Al | 108 0 * 80.9 | 200 -38 |
i ] i i i |
. Phospherous acid | 80.9 ‘ 62.9 | 800 J -16 '

Table 2 Mass spectrometer scan parameters for the quantifier icns used. The detailed
instrument settings used are given in chapters 2.3.1 and 2.3.2. Varying instrument systems or
instrument parameters may result in different ion troasitions and different relative intensities.

Now Some mass spectromsater conditions are instrument specific. The spectrometer

conditions should be optimised by a competent operater piior to analysis.

Detalls on MS/MS and LC conditions are given in Appendix 2.

Tre fragmentation pathways for the quantifier ions for fosetyl-Al and phosphorous acid are
shown in Figure 1 and in

Figure 2.

Figure 1. Proposed fragmentation pathway for fosetyl-Al.

' . loss of C2H4 (|)|
HCE0-pP-0 ————>  HO—P-0~
2 H H
m/z 108 m/z 81
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Figura 2 roposed fragmentation pathway for phospharous acid,
Q loss of H20
HO— F|’— ) [ —
H
miz 81
232 Confirmatory transitions

o~ ’

PCT/EP2006/00 1433

PO

m/z 63

To zonfirm or exclude some interferance or polivtion in samples, the following transitions can be

used ir the same conditions described above !

A | N
; i Precursorion | Product lon } Dwell Time |Collision Energy (V)
¢ Comzound | } ‘ |
l i Q1 Mass (amu; Q3 Mass (amu) {msec) |
- fosetyl-A! : 109 (l 63 l 200 -38 |
P | | i
proschomus acid | 80.9 , 73.9 i

500 | 22

—— e ——— )

The fragmentalisn pathways for the confirmatery transiticns for fosetyl-Al and phosphorous acid

13 are 3hown in Figure 3 and in Figure 4.

Figure 3. Prcoosed fragmentation pathway for fosetyl-Al
0
! . loss of C2H4
HC=C—0-P-0 ———
2 H and H20
m/z 109
Figure 4. Proposed fragmentation pathway for phosghorous acid
0
i . l0ss of H2
H
- m/z 81

PO

m/z 63

PO,

miz 79
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Note : all recovery samples were also analysed using confirmatory transitions. The results are

given in Appendix 3.

i

2.4 Linearity of the Detector

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using

standards in solvent and matrix matched standards.

The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at respective
cencentrations tetwean 0.1 and § pg/l and 1 and 50 pg/L, except for wheat samples between
1o 031 and 8.3 pg/L and 3.1 and 83 pg/L.

Tatle 4 Standard cencentrations prepared for the determinaticn of detector linearity. The
concentraticn corrgsponding to the LOQ is given in the second column of the table.

e —— -

i
HPLT-MSIMS J_ Standard Concentrations [ug/L]

; . e
i 1 | i |

fosatyi-Al 10112 !i 05 1 1 2 ‘ 5

; N ] ! ‘ _

| phosphorous f ! ’ k |

T I R 5 {10 | 20 | 50

jacd ! ! i

S S 1o

Tabie 5 Standard concentrations used for wheat samples and preparead for the determination
of detactor linearity. The concentration corresponding to the LOQ is given in the
second column of the table.

i | ]
|HPLC-MSMS | Standard Concentrations {pg/L] |
{ ‘ }
1 o ! —1
| N |

fosetylA ‘031 B.s 1083 1 | 25 1 5 | 83

N S ‘ | .

a’ | 'ﬁ | e

ﬁ phesphorous ! { ! z !,

o '31 0 s (83 ] 10| 25 50 | 83

{ acid , ; i l | i
B N L
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25 Storage Stability of Extracts

The stanility of sample extracts containing fosetyl-Al and phosphorous acid was determined for

each sample material.

For this purpose, the final axtract of recovery samplas were stored in the auto sampler rack
thermo stated at about 10 °C after initial analysis and re-analysed after a storage period of

several days.

2.5 Calculation

251 Calculation of Rasidues

Evaluation in this case i1s perfermed according {o the external standardisation using matrix

matched standards.

During the analysis of each set of samples, the 5 (or 7 for wheat samples) standard sclutions
mertoned in Table 4 are nectad once. Standards should be interspersed with samples to

compensate fcr any minor change in instrument response.

=or each compound, the peak area is plotted varsus tha concentration in order to establish a

calibration curve obtained by linear regression weighting 1/x with least squaras methed,

The corrzsponding moded ta delermine the cencentration in finai extracts is calculated using the
Aralyst Software (Varsion 1.4).
Each final extract is injected once using the same conditions as previously described for the

standard soiutions.

Using the pradicting mathematical model praviously established, the final concertration in ug/L

of each compound is determined for each injection.

For 2ach compound, the amount of residue R, expressed in mg/kg is calculated, using the

foliowing formula -

R CXVxD
1000x G
where: R - Determined amount of residue of fosetyl-Al or phosphorous acid in mg/kg
C . Concentration of fosetyl-Al ¢r phospharous acid found in the analysed extract
in ug/L
v Velume of the extract A in ml, here 200 mL
D : Cilution factor to obtain the Final Extract, here 5 {or 2 for wheat samples)

: Sample weight of analytical sampie in g. here 20 g
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2582 Calcuiation of Recovery Rates

The concentration of each compound in pg/l is determined for the recovery sample according
t02.6.1.

The zercent recovery rate is then calculated as follows ;

whare.  Rec  :Recovared amount found in fortified sample in %

C : Concentration of fosetylAl or phosphorous acid found in the analysed extract in pg/L
A - Fortified amount of fosetyl-Al or phosphorous acid in g/l
12 2563 Caiculation of Relative Standard Deviation (RSD)

The RSD is calculated as follows :

R8D (%)= 8.0./Mean Recevery x 100 %
LR - F{m)z Ry recovery
SC = [— "2
7 [ ] Rm: mean racovery
n-1 .
n: number of recoveries
3 Results and Discugsion
12 3- Specificty and Selgctivity

Tre method ailows the determination of fosety!-Al and its metabolite (phosphorous acid) in/on
grape orange, lettuce, cucumber, avccado and wheat samples.

The specificity of the method resulted from the HPLC separation in combination with the very
selective MS/MS detection.

3.2 Apparent residues in Controi Samples

Two control samples were analysed for each sample material. The origin of the control materials

used is listed in Table 6.
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Table 6. Origin of untreated control samples

‘,
{
| Sample Material Origin
| Grape (whole fruit) Mr Lusson - Angers - France
Crange (whole fruit) Market specialised in erganic food - France
‘ Lettuce (head) : Market specialised in organic food - France
B A
| |
| Cucumber (whole fruit) ' Market specialised in organic food - France
S ——‘

i
1 Avocado (whole fruit) l Controt sample from Bayer CropScience - Monheaim - Germany

" e
|
1

{Wheat (Grain) I Cortrol samnle from Bayer CropScience — Monheim - Germany

A residue level estimation in control samples was performed. The resuits are listed in Table 7.
The apparent residues for all control sameples were below 30% of the LOQ for each compound,
e < (0.003 mg/kg of fosetyl-Al and < 0.03 mg/kg of phosphorous acid.

Table 72 Apparent rasidues in yntreated control samples for fosetyi-Al and phosphorous acid

) | e . — 1
“Sample = , L0Q Apparent residues ;
o i Control Sample i
Material ‘ 'mg/kg} [mg/kg]
' !
i |
! | phospho- hospho-
\ | fosetyl-Al | phosp _ fosetyl-Al prosk
! | rcus acid rous acid
— : . ]
\l i
: Grape (whoiz | Mr Lusson — Angers - ; r
=‘ 0.01 0.1 <0.003 |<0.03
fruit) | FRANCE ; |
T T I
: Crange ' Market specialised in organic | \
: o ool 0.1 <0.003 |[<0.03
' (whole fruity i food - France |r | |
I b -_'_-__Av-i I " —t
j Lettuce : Market specialised in organic !
l o1 . 04 <0.003 |<0.03
| (head) food - France ! ]
| N T
Cucumber | Market specialised in crganic l |
_ i P 0.0 0.1 <0.003 {<0.03
| (whole fruit) | food - France = !
L \ ! ' A
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- B i T
' Avccado [ Control sample from Bayear ( l
} (whole fru) | CropScience ~ Monheim - { 0c1 | ot <0.003 [<0.03
j ) Germany ’ i
. —
- Wheat (Grain) }Controi sample from Bayer | | !
- CropScience — Menheim - ] 0.01 I 0.1 <0.003 lr <0.03
S L B S S N
3.3 Linearity of the Deteclors and Matrix Effects

The linearity of the detector used was lested for fosetyl-Al and phosphorous acid using

standards in solvent and matrix matched standards.

The linearity was testad by injecting standards of fosetyl-Al and phosphorous acid at respective
sconcaentrations between 0 1 and 5 ug/l and 1 and 50 pg/l, except for wheat sampies between
.31 and 8.3 pg/L and 3.1 and 83 ig/L.

Experimanrtal details can e found in Chapter 2.4,

in each chromatogram, the measured peak area cf fosetyl-Al or phosphorous acid is plotted
versus the corresponding concentration of respectively fosetyl-Al or phosphorous acid containad

in macr standard solution, in order to gbtain calibration curva of the form

y=ax+b (1i/xweighting)

where | y = peak area,

x = gongentration in injected standard solution

The results of the determination of detector response for LC/MS/MS are summarised in Table 8.

Table 8. Summary of the determination of detector linearity for LC/MS/MS.

*T — [ - : — I
{ _ | phosphorous
 Detection Parameter ; fosetyl-Al .
j | acid
! X ]
| LC/IMS/MS | Linear range [ug/L] 0.1-5 1-50
i
i ! {(or0.31 ~8.3for  (or3.1-—83for
} wheat) wheat)
i et e e Rt ot p e e 2 = oo e e ]
"{ | No. of concentrations ) 3
‘ ! (or 7 for wheat) | (or 7 for wheat)
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No. of injections 1 1
Model 1/x weighted 1/x weighted

lingar regression | linear regression

|

{ Correlation coefficient (R)

; . > 0.9990 = 0.9800
for standards prepared in solvent

Y I _.“.____{
|

| Correlation coefficient (R) |

! > ().9990 > 0.9985
' for matrix matched standards i

S S e

Ar exzellent linear correlation batween the injected amount of the analytes and the detector
respenses of LC/MS/MS was observed for standards in the range of 0.1 to & pg/l (or 0.31 to 8.3
gL for whaat) for fosetyl-Al and in the range of 1 to 50 ug/L (or 3.1 to 83 ug/L for wheat) for

5 prosphorous acid, using either standards prepared in solvent or matrix matched standards.

The occurrence ¢f matrix effects was menitored. The results ar2 shown in Table 9 and table 10,

Tabie 30 Matrix effzct evaiuation for fosatyl-Al
Fi @ Foftification Level

s T o
| ‘x Measurement using
\ Number .
i . FL , Standards in pure Matrix matched
:Sample Material of Values
; Imag/k3] l ) solvent standards
| tn
! L
| ! Mean [%] | RSD [%] | Mean [%] | RSD [%]
T 0.01 5 100 3.1 100 2.9

Grape (whole fruit) T

p1c 5 102 ne 101 0.9

1
QOrange {whole fruit) oM 5 P80 6.3 97 6.0
T —
| 010 5 90 45 |92 4.5
‘ 1
Lettuce (head) 0.0 5 108 6.1 m& 6.2
—-

0.10 5 105 1.7 105 2.1
Cuzumber {whole fruit) o.01 5 97 2.1 98 16

0.10 | 5 98 2.3 |10 27
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’ i
Avccado (whole fruit) Q.D1 i 5 a9 49 96 5.0
0.10 [ 5 87 1.9 87 1.9
Wheat (Grain) ( 0.01 5 87 55 88 5.4
r 0.10 5 74 53 L73 55

Table 10 Matrix effect evaluation for phosphorous acid

FL  Fodification Lavel

[ |
! ‘ Measurernent using
: Number . .

FL Standards in pure Matrix maiched
Sample Material of Values
. {mgkg) o solvent standards
! n
| ‘ Mean [%]| RSD [%] | Mean [%}| RSD [%]

|

| 0.1 3 156 67 |99 8.5
Grape (whole fruit)
| ' 1 5 131 1.9 102 2.1
|
\Crange (whole fruit) 0.1 5 189 108 |76 18.3

! 1 5 147 2.5 93 2.3
I :
Le'tuce {nead) 01 s | 19 54 |81 9.7

!
‘ 1 5 ‘1 160 3.8 104 3.9
Cucumbker (whole fruit) 0.1 5 L1 85 4.7 87 7.0
* 1 5 | 135 26 {100 22
iAvocado {whole fruit} 0. 5 139 3.7 73 51
1 5 132 6.8 100 8.7

lWheat (Grain) L__O‘1 5 152 8.3 08 58
| 1 5 163 26 |79 25

In all the sample materials, the measurement of phosphorous acid must be established using

matrix matched standards So the measurement of both compounds is established using matrix

matched standards.

Faad

-
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34 Limit of Quantification and Recovery Experiments

Tha limit_of quantificaticn (LDQ) was defined as the lowest fortification level where a8 mean

recovery within the range of 70 1o 110% and an RSD of £ 20% could be obtained. The LOQ was
set at 0.01 mg/kg for fosetyl-Al and at 0.1 mg/kg for phosphorous acid in grape (whole fruit),
orarge (whole fruit), lettuce {head), cucumber (whole fruit), avocado (whole fruit), and wheat

(grain).

To vaudate the methed for these malrices, samples were fortified with a defined amount of

fosety-Al and phospherous acid prior to analysis.

.

3.5 Recovery Rates

The detailed recovery rasults cotained are listed in Table 11 and Table 12,

Taple 11, Recovery rates obtainad for fosetyl-Al, FL: fortification level, RSD: relative standard

PCT/EP2006/001433

daviation
—

T ;
FL Recov zry of fosetyl-Al
|Crop Sample Material ‘
; [mg/kg] ! Singls Values (%) Mean [%]| RSD (%)
EGrape Whole fryit 0.01 1} 102 102 95 1100 25
| ; IR I R .
: | 101 | 1 102 102 |101 0.9
| E 102 100
|
*lf Cverall Mean and RSD 101 2.1
Orange Whgie fruit {0,01 102 100 98 |97 8.0
0.1 36 95 94 192 45
50 86
Qverall Mean and R8D 95 56
Lettuce Head 0.01 104 98 109 1108 6.2
Y N1 AL S
0.1 102 106 104 (105 2.1
| 107 107
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Overall Mean and RSD 106 4.5
Cucumber Whole fruit 0.01 95 86 98 (96 1.8
0.1 106 1C1 101 101 27
99 100
Overall Mean and RSD 99 3.4
Avocado Whole fruit 0.01 104 95 92 |96 5.0
} 01 88 88 85 |87 19
4 | 89 86
? 5 QOverall Mean and RSD 91 6.1
Wheat Grain :0.01 8% 92 93 {88 54
—_ SRR (R 85 82 .......... S
1 75 79 89 |73 5.5
{ 71 71
i i Overall Mean and RS0 80 10.9
Table 12. Pacovery rates obtained for Phosphorous acid, FL: fortification level, RSD: relative
standard deviation
t FL Recovery of Phosphorous acid
iCrop Sample Material
| (mg/kg] Single Values [%) Mean [%]| RSD [%)]
ij’farape Whole fruit 0.1 95 94 113 (98 8.5
| SN N |
| 1 100 105 104 {102 2.1
{ 101 101
!L Overall Mean and RSD 101 6.0
iOrange Whole fruit 0.1 65 99 70 {78 18.3
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78 67
1 97 99 101 |98 ES
95 99
Overall Mean and RSD 87 17.3
Lettuce Head J.1 82 94 76 181 9.7
| R U RO SO N
| )i1 103 108 98 {104 3.9
1 L 106 107
i ‘Overall Mean and RSD 93 147
;Cucumbar Whole fruit %O_1 83 82 82 87 7.0
| U B S T
1 1 102 102 101 {100 2.2
Q ' g7 99
| Overall Mean and RSD 93 8.9
Avocads Whale fruit ‘01 74 77 68 |73 5.1
| SR OO R
! g 110 97 92 {100 6.7
‘& ‘ 103 100
} {L Overall Mean and RSD 87 17.8
“-Nheat Grain ;0,1 80 94 101 198 58
SR . - R
1 77 77 81 |79 2.5
79 81
Overall Mean and RSD 89 12.2

The obtained recovery rates are surmmarised below in Tabie 13.

In total 60 recovery rates were determined for each compound. The single recovery rates ware

in the range of 69 to 114 % for fosetyl-Al and of 65 to 113 % for phosphorous acid. The mean
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recovery rates per fortification level were in the range of 93 to 97 % for fosetyl-Al with an overall
racovery rate over all sample materials and fortification levels of 95% and of 86 to 97 % for
shosprerous acid with an overall recovery rate over all sample materials and fortification levels
of 91 ¥%.

Tre relative standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3
% for fosetyi-Al and from 95 1o 149 % for phosphorous acid (n=30).
The overall RSC values per sample material were betwean 2.1 and 10.9 % for fosetyl-Al and 6.0
and 17 8 % fcr phosphorous acid (n=10). The R3D value across all samples was 10.2 % for

fosety-Aland 13.7 % for phosphorous acid (n=60).

Taple 13. Summary of the recovery data for the determination of accuracy and repeatability;
REC: reiative standard deviation

T i 1
. i |
, P - i Phospho-
Parameter | fosetyl-Al ° .
| ! rous acid
— - .[ - " I
i Accuracy | Single recoveries [%)] 69-114 65-113
‘ i Mean racoveries per fortification level [%) | 92.97 86 - 97
| Mzan recoveries per samole material [%) 80 - 106 87 - 101
i Overall mean [%) g5 91
[ - e . _—‘x
1 Number of values n i 80 60
Repaatability RSD per fortification level [%) 76-123 | 95-1498
. RSD per sample material [%) 1 21-109 £0-17.8
'Overall RSD %] 10.2 13.7

3.6 Starage Stability of Extracts

The stabdity of final extracts containing fosetyl-Al and its metabolite phosphorous acid was
determined, For this purpose, the final extracts of recovery samples were let in the auto sampler
rack thermo stated at about 10 °C after initial analysis and re-analysed after a storage period of

saveral days.
Tha results of the storage stabilities are detailed in Table 14.

Table 14 Stabilty period of final extrac:s in the auto sampler rack at about 10°C

O
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The presented residue analytical method modification 00881/M001 was validated for the

detarmination of residues of fosetyl-Al and its metabolite (phosprorous acid) in grape (whole

42
: ~
| Sample Material | Staility pericd (days)
| !
Grape (whole fruit) 7 days
| . b
| Orarge (whole fruit) 4 days
' Leituce (head) 8 days
1 Cucumber iwhole fruit) 8 days
i " Avocado (whoie fruit) 4 days
:% __, [ — S—
q Wheat (Grain) 3 days J
1
é 4 Evaluation and Discussion
X
)
4
1
!

fruitt. crange (whole fruit), lettuce {head), cucumber (whole fruit),avocado {whoie fruit), and
whaat (grain) by LC/MS/MS.

fosetyl-Al and its etabolite (phesphoreus acid) were extracted from the sample material with a
mixture of acetonitrile/water (30/5C). After centrifugation and dilution of the sample material, the
rasidues are quantified by HPLC using an Hyoercarb column and detected by tandem mass
spectrometry with electrospray ionisation. The quantification was done by an external

10 standardisation in matrix matched standards

The validation set included the determination of the detector linearity. the limit of quantification,

the accuracy of the methed and the storage stability of sample final extracts.

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using

standards in solvent and matrix matched standards.

15 Tha linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at respective
concentrations between 0.1 and 5 g/l and 1 and 50 pg/L, except for wheat samples between

0 31and 8.3 ug.. and 3.1 and 83 pa/L. The detector response was linear in these ranges

The occurrence of matrix effects was monitcred.
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In all the sample materials, the measurement of phosphorous acid must be established using
matrix matched standards. So the measurement of both compounds is established using matrix

matched standards,

The apparent residues for all control samples were below 30% of the LOQ fer each compound,

i.e <0003 mg/kg of fosetyl-Al and < 3.03 mg/kg of phosphorous acid.

The fimit of quantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the rarge of 70 to 110% and an RSD of £ 20% could be obtained. Tha LOQ was
set at 0.01 maikg for fosetyl-Af and at 0.1 mg/kg for phosphorcus acid in grape (whole fruit),
orange [whoie friit). fatiuce (head), cucumber (whole fruit), avocado {(whele fruit), and wheat

{grain).

Trie accuracy of the method can be assessed on the basis of the determined recovery rates.
The single recovery rates were in tha range of 68 to 114 % for fosetyl-Al and of 65 to 113 % for
zrasphorous acid. The mean recovery rates per fortification level were in the range of 83 to 97
7, for fosety-Al with an overall recovery rate over all sample materials and fortification leveis of
55% and of 86 1 87 % for prosphorous acid with an overail recovery rate over all sample
materials and foriification levels of 91 %.The accuracy of the method fulfils the requirements for
residue anaiytical mamnods which demand that the mean recoveries for each fortification leve!

should be in the rangz of 70-110%.

The precision ard repeatability of the method can be assessed on the basis of the determinad
relative standard deviations (RSD) for e mean values of the recovery rates. The relative
standard deviaticns (RSD) for the single fortification levels ranged from 7.6 to 12,3 % for fosetyl-
Al and from 95 {0 14.9 % for phosphorous acid (n=30).
The overall RSD values per sample material were between 2.1 and 10.8 % for fosetyl-Al and 6.0
and 17.8 % for phosphorous acid {n=10). The RSD value across all samples was 10.2 % for

fosetyl-Al and 13.7 % for phosphorous acid (n=80).

The overall RSD vaiues per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0
and 17.8 % for phosphorous acid (n=10}. The RSD value across all samples was 10.2 % for
fosetyl-Al and 13.7 % for phospherous acid (n=60). All RSD values were well below 20%, so

that the precision ard repeatability of the methed can be considered acceptable.

951
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All results of the method validation are in accordance with the general requirements for residue

analytical methods, so that this method modification has been validated successfully.
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Appendix 1
Flow Diagram of Residue Method 00861/M001

Extraction

1. Weigh 20.0 g of homogeneous sample material into g 12€
mL polypropylene bottle.

2. Add 80 mL of acetonitiile / water (50/50, v/v).

3. Blend the sample using a high-speed blender (1KA or
equivalent) for approx. 5 minutes.

4. Centrifuge the extract (3800 rpm - 5°C) for approx. §
minutes.

5. Pour the supernatant into a 200 mL veolumetric flask.
6. Add 80 mb of acetonitrile / water (50/50, viv) on the bettom.

7. Biend the sample using a high-speed blender (IKA or
equivalent) for approx. 5 minutes.

8 Centrifuge the extract (3800 rpm ~ 5°C) for appr x. &
minutes.

9. Pour the superatant into the volumetric flask.
10. Make-up to 200 mL with methanaol. This is the Extract A

11 Centrifuge an aliquot of asout 10 mL cf Extract A (6000 rpm
~ ambien! for approx. 10 minutes.

12. Filter the extract tnrough an Acrodisc CR 25 mm PTFE filter
(0.45 pm).

13. Difute five times the extract using acidified methanot with
formic acid 0.5 %. This is the Final Extract,

Remark . for wheat samples, from stage 10, foliow the
preparation as described below !

10. Add 1 mL of concentrated formic acid and make-up to 200
mL with methanol. This is the Extract A.

11. Centrifuge an aliquot of about 10 mL of Exiract A (6000 rpm
— ambient) for approx. 10 minutes.

12. With dituter, dilute twice the supernatant using acidified
methanol with formic acid 0.5 %.

13. Filter the extract through an Acrodisc CR 25 mm PTFE filter
{0.45 um). This is the Final Extract,

w

HPLC Measurement with Electrospray MS/MS detection
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Appendix 2
Details on LC-MS/MS zonditions

5 Comment:
Synchronization Mode: LC Syng
Auto-Equilibration: Off
Acquisition Duration:  11min59sec
Number Of Scans: 883

10 Pericds In File: 1
Acquisition Module: Acquisition Mathod
Software version Analyst 1.4

'3 MS Method Properties:

Period 1.
Scars in Period; 888
L0 Relatve Start Time: 0.00 msec

Experments in Period. 1

Period 1 Experiment 1:

25 Scan Type: MRM (MRM)

“olarity: Negative
Scan Mode N/A
lon Sourge: Turbo Spray

Rasgclution Q1) Unit

ke Resolution Q3: Unit
Intensity Thres.: .00 cps
Settling Time:  0.0000 msec
MR Pause: 50070 msec
MCA No

35 Step Size 0.00 amu

Quantifizr transitions;

Q1 Mass (amu) Q3 Mass {amu) Dwelllmsec)  Param Start  Stop

80,90 $2.90 500.00 DP -55.00 -55.00
4y (phosphorous acid) CE -38.00 -38.00

Q1 Mass (amuj Q3 Mass (amu) Dweli{msec)  Param Stat  Stop
109.00 80.90 200.0C DP -45.00 -45.00
15 ({fosetyl-Al) CE -16.00 -16.00

Parameter Table (Period 1 Experiment 1)
CUR: 20.00
GS1. 40.00
50 G82. 60.00
{s: -4500.00
TEM:  8CC.00
ihe: ON
CAD: 5.00
55  EP -10.ce
CXP  -1.00
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Confirmatory transitions:
Q1 Mass (amu) Q3 Mass (amu) Dwell{msac)
8090 78.80 600.00

(phosphcrous acid)

Q1 Mass (amu) Q3 Mass (amu)
106.00 63.00
(fosetyl-Al)

Dwell(msec)
200.C0

Parameter Table (Period 1 Experiment 1):
CUR: 20.00

G311 40.00
GS2: 8000

IS -4530.00
TEM: 80000
ihe; ON
CAD 600

EP -10.00
CXP -5.C0

Agilent 1100 LC Pump Method Properties

Pump Modal:  Agilent 1100 LC Binary Pump
Minimum Pressure (psi): 0.0
Maximum Pressure (psi); 58010

Cead Volume {(Ji): 40.0

Maximum Flow Ramp (mimin®): 130.0
Maximum Prassure Ramp (psi/sec):
Step Tatle.

Step  Total Time(min) Flow Rate(ulimin,
0 0.00 400

1 10.00 400

Laft Compressibility: 2

2507

5
Right Compressibility.  115.0
Left Dead Volume {(ul), 4
Right Dead Volume {(ul): 4
Left Stroke Volurre (ul): -1.
Right Stroke Volume (u!): -1.0

Left Solvent:  AZ {water + 0.5% formiz acid)
Right Solvent: B2 (methanol)

0
15.
0.0
0.0
0

CTC PAL Auto sampler Methcd Praperties .

Lecop Volumet (pib); 100

Loop Volume?2 (pl): 20
Injection Voiume (Ul 50.C00
Methced Description:
Syringe; 250ul
Analyst LC-inj
Air Volume (uh)
Pre Clean with Solvent 1 ()
Pre Clean with Solvent 2 ()
Pre Clean with Sample ()
Fillng Speed (l/s)

PCT/EP2006/001433

Param Start  Stop
DP -55.00 -55.00
CE -22.00 -22.00

Param Start Stop
DP -4500 -45.00
CE -38.00 -38.00

85.c 35.0
650 350
C

2

1

0

S0

<L
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Filling Strokes () 0
inject to LC Vive
Injection Speed (pl/s) 50
Pre Inject Delay (ms) £00
5 Post Inject Delay {ms) 500
Post Clean with Solvent 1 () 3
Post Clean with Sclvent 2 (} 2
Valve Clean with Solvent 1 () 2
Valve Clean with Solvent 2 () 1

Agilent 1100 LC Pump Method Properties

Pumgp Model.  Agilent 1100 LC Quatemnary Pump
3 Minimum Pressura (psiy 00

Maximum Pressure (psi). 5801.C

Compressibiiity: 100.0

Dead Volume (ul): 40.C

Stroka Valume (j1): -1.0
2 Maximum Flow Ramp (mi/min®): 100.0

Maximum Pressure Ramp (psisec): 2800

Step Table:
Step  Total Time Flow Rate A (%) 3(%) C(%) D(%) TE#1 TE#2

hE TE#S TC#4 {min) {ul/min) (water)
(methanol)
s 0.00 20
coer
1 13.00
S cren
Prirnary Fiow Rate {Wimin): 2000
Fiow Sensor Calipration Table index: [

L]

500 300 00 0.0 open  open  open

I}
A

(2]

o

500 500 00 0.0 open  open  cpen

ey

35 Vaico Valve Method Properties
Valco Valve Diverter
Total Time (min) Position

1 00 B waste

2 3.0 A Spactro
Gas pressura ‘Auto sampier CTC Analytics
e _IHTS Pal (n° 1303) _ B

; i

N2 _ ' 4 bar LPeltier rack o |we
Argas __\TS5bar  Loop 20 L

Arr Exhaust gas . 4 par Solvent 1 H,0 + 0.5 % HCOOH
- _ 1 | Solvent 2  IMeOH
i
f Oven Agilent
1‘__ — o G1316A (n°1284 )

Temperaiure Not used
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. - = 4’7?—‘“"—'“"”"“_“"‘_‘—]
e o o Valco valve Column selector
i k 1
{ C2-0000EP V1C1 C5-0006EMTD
ty________ﬁ_,__ L 1(n°1289) 1(n° 1290)
b | -~ | Ten ports ___1 B positions __
l o o |2 positions Not used
- A=MS B = Waste

e - A —
( Pumps Source Probe TurbolonSpray
AT A T e n° 1291

Bmar"/ pump Agllent 1100 313124 133bar | : n°® 1288
(nw1297) . %T j - ]
| | Flow o - 0.4 mb/min Horizontal Position 7 (x axis)
(A2 = 0% 0.5% Form s Acid _185% | Vertical Position 7 {y axis) |
r Bz MeOH '35 . .
- i Lﬁ Yo Capillary exit 1 mm
j k
i__}aoc_:_r_atnc o 7 ] |
S I | Mass Spectrometer APL 4000 |

e | Device GLP n° 1282 L ﬁ
\
1Quatarnary  purnn Agilent 1100 %

G1354A (n° 1298) _ ! ]
BRI /AU T —

Flow [02ml/min | Column
f } S —
A=+c r50 % .. jPrecolumn SMPREA1

B=MeOH _  50% !rColumn SMAR 69-1

C= o o _____r . Thermo Hypercarb 100 x 3.0mm 5um

D= N - . ’ - {ambient temperature)

s -~ ———— T ‘——r- e —
Jsocraicmode ]
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Appendix 3
Results obtained with confirmatory transitions
FL Recovery of fosetyl-Al
Crop Sample Material
{mg/kg] Single Values [%] Mean [%]| RSD [%)]
Grape Whole fruit 0.01 101 107 106 {100 8.8
o s
g Q.1 98 102 93 |99 4.5
(L 96 104
i | Overall Mean and RSD 99 6.7
f
EOrange Whole fruit i().01 ' 121 121 110 1110 10.3
| 5 ___ o4 _
0.1 98 102 51 |94 7.0
i 92 85
| Overall Mean and RSD 10z 122 |
Lotza iHead oy o1 %0 |97 10.9
| B
‘. 0.1 95 97 96 {96 14
55 o8
Overall Mean and RSD 97 7.4
Cucumber Whole fruit 0.01 117 17 107 1110 8.0
| IR
2.1 100 100 102 1100 14
98 100
. Overall Mean and RSD 105 6.6
Avocado Whale fruit i0.01 93 94 91 192 4.9
|
! L 97 85 ~ N
lOﬁ 85 87 85 (85 1.4
| 84 84
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Overall Mean and RSD 89 5.4
Wheat Grain 0.01 83 88 98 189 7.3
SN NN R S
0.1 72 81 73478 52
72 77
QOverall Mean and RSD 81 10.8 i
Crape yvhole fruit 01 91 86 119 196 141
S S AN F N
! i 1 99 101 98 1100 1.6
if : ‘ 100 102
' t Overail Mean and RSD 88 9.6
I’[CD.'ange ;"Nhole fruit 0.1 89 82 68 |74 14.1 j
o lme |
{ { 1 108 106 106 |104 4.3
| ; Y 101
, T f
| i |Overall Mean and RSD 89 19.8
%,L.ettuce Head 01 91 80 294 |81 14.3
! 103 105 101 {102 2.0
l 101 100
| Qverall Mean and RSD 91 14.9
Cucumber IWho!e fruit 0.1 20 93 77 186 9.9
| X 101 100 101 {99 2.5
85 99
. Overall Mean and RSD 93 9.8
Avocado iWhole fruit 101 71 81 84 {76 8.0
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70 76
1 113 107 103 |104 5.5
| i 100 99
—
Qverall Mean and RSD 90 17.5
Wheat Grain 0.1 74 74 77 (74 29
‘ 74 71
SR . AU SN S
1 75 82 78 {80 4.0
83 80
; ~ IOverall Mean and RSD 77 5.1

FL : Forlification Levei
Example 4

This detailed example concerns the analysis of fosetyl-Al and of phosphorous acid using water
samples. This example 's a modification MC01 to the Analytical Method 00931 for the

determination of residues of fosetyl-Al and s metabolite (phosphorous acid) in/fon drinking
water and surface water by LCMSMS.

The preserted residue analytical method modification 00931/M001 was validated for the

determination of residues of fosety-Al and its metaboiite (phcsphorous acid) in drinking water
anc surface water by LC/MS/MS,

The sample material is treated with a cationpic resin and then concentrated. The residues of
fosetyl-Al and its metabolite (pnosphorous acid) are guantified by HPLC using an Hypercarb
column and detected by tandem mass spectromelry with electrospray ionisation. The
qu antification was dore by an external standardisation in matrix matched standards.

The validaticn set included the determination of the detector linearity, the limit of quantification

and the accuracy of the method.

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
standards in solvent and matrix matched standards

The linearty was tested by injecting standards of fosetyl-Al and phosphorous acid at
concentrations between 0.2 and 20 ug/L.

The occurrence of matrix effects was monitored. In drinking water, the measurement of fosetyl-

Al musi ce established using matrix matched standards. The results obtained with standards in
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pure so'vent for phosphorous acid in both sample materials do not always comply with
European raquirements. So the measurement of both compounds in drinking water and surface
water is established using matrix matched stardards

The apparent residues for all control samples were below 30% of the LOQ for each compound,
i.e. <0.00003 mg/lL.

The limit of quantiication (LOQ) was defined as the lowest fortification leve! where a mean
racovery within the range of 70 to 110% and an RSD of 20% couid be obtained. The LOQ was
set at 0 0001 mg/L for each compounds in drinking water and surface water.

The accuracy of the method can be assessed on the basis of the determined recovery rates.
Tha singia recovery rates were in the range of 75 to 118 % for fosetyl-Al and of 72 1o 117 % for
phosphorous acid. The mean recovery rates per fortification level were in the range of 89 o 86
% for fosetyl-Al with an overall recovery rate over all sample materials and fortification levels of
93% and of 91 to 93 % for phosphorous acid with an overall recovery rate over all sampla
materiais and fortificaticn levels of 92 %.The accuracy of the method fuifils the requirements for
residue analytical methods which demanrd that the mean recoveries for each fortification leve!

should ce in tha range of 70-110%.

The precision and repeatability of the method can be assessed on the basis of the determined
relative siandard deviations (RSD) for the mean values of the recovery rates. The relative
standard deviations (RSD) for the single fortification levels ranged from 9.6 to 14.3 % for fosetyl-
Aland from 8.8 to 13.8 % for phosphorous acid (n=1C).

The overall RSD values per sample material were between 7.5 and 2.7 % for fosetyl-Al ard 3.3
and 12.4 3% fcr pnosphorous acid (n=10). The RSD vaiue across all samples was 12.7 % for
fosetyl-Al and 15.0 % for phosphorous acid (n=20). All RSD values were well below 20%, so
hat the precision and repeatability of the method can be considered acceptable.

All results of the method validation are in accordance with the general requirements for rasidue
analytical meihads, so this method modification has been validated successfully,

A variant method was also validated on drinking water and surface water. The sample
nreparation of the main method was strongly simplified by the suppression of the concentration
step. The variant method was successfully validated, according to the European requirements
[96/46/EC of 18th July 1896}, for non concentrated drinking water and surface water at 0.1pg/L
for fosetyl-Al and ten times this limit for fosetyl-Al and at 1ug/L for phosphorous acid when

matrix matched standards were used, independently of the LC conditions tested.

Regarding to the mair method. the sample preparation was greatly simplified and allows to save
a lot of time
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1. iniroduction
Fosetyl-Al is a fungicide
The method modification 00931/MC01 presented in this report was validated in order to
suppress the steps of derivatization and clean up, to change the analysis and detection modes
3 and o decrease the Limit of Quantification (LOQ) of original method 00931 from 0.001 mg/. for
fosetyl-Al and C.004 mg/L for phosphorous acid in surface water and from 0.002 mg/t for
phosphercus acid in drinking water to 0.0001 mg/L for each compound in both sample
materials.
Taple 15. LOQ and princicie of analytical detarmination
e -
J Compotnd | fosetyl-Al Phosphorous acid
Determired as fosetyl-Al Phosphorous acid .
Calculated as o  fosetyl-Al Phosphorous acid
_Principle of Determiration LC/MS/MS LC/MS/MS
LOQ [mgit] Drinking water | 0.0001 0.0001
f : Surface water L 0.0001 0.0001
|
4
4 1.1, Citatior. of the Qriginal Methad
2
: Original Method - 00931
:

Compounds ¢

I_. Baudet - R. Dict - M. Guillet ~ J.L.. Kieken

Auther Aventis CropScience Centre de Recherche de ia Dargoire
14,20 rue Pierre Baizet 68009 Lyon - France
Citation : Agradoc Numbers - R011760 and R011761 dated May 22, 2000

ot gt 2 e TS

+ Suppress the steps of derivatization and clean up.

« Change analysis and detection modes from GC/FPD to
LC/MS/MS,

* Decrease the LOQ from 0.001 mg/L for fosetyl-Al and 0.004
mg/L for phosphorous acid in surface water and from 0.002 mg/L
for phosphorous acid in drinking water to 0.0001 mg/L for each
compound in poth sample materials.

Rzaason for Modification .

1.2. Physical and Chemical Propertias

See example 3

15 2 Eapenmental Section
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2.1, Malerials

211 Apparatus

Standard lapcratory glass consumable should be cleaned with only detergents containing no

phosphate and rinsed with water and acetone.

s To aveid any contamination, the use of disposable laboratory consumable is strongly advised.
» Balances:

» accuracy + 0.1 mg (analytical standards) (e.g. Mettler AT261 range)

* accuracy £ 0.1 g (samples) (2.g. Mettler PM6000)

« Dilutor {e.g. Hamilton MicroLab 1000)
12 = Rotary shaker (e.g. Heidolph REAX 2)
» Sample Concentrator {(2.g. Techne dri-block)
« Ultrasonic bath
» HPLC (e.g. Binary Pump Agilent 1100)
« Auto sampler {e.g. CTC Analytics HTC PAL)
'z = Triple Quadrupuie HPLO-MS/MS Mass Spectrometer  (2.g. Sciex Instruments, APl 4000 System)
»  Column (2.g. Hypercarb, 100x2.0 mm, 5um )
212 Reagents and Supplies
¢ Acetore (2.g. SupraSolv® Merck)
s Methanc! (e.g. SupraSolv® Merck)
e« Formic acd (e.g. Normapur Prolabo)
s Cationic rasin (AG 50W-X8, 20-50 Meshs, hydrogen form) {e.0. Bio Rad)
«  GF/Afilters (125mm), (2.g. Whatman)
¢ Polypro bottles (125 mL, wide apening) (e.g. Nalgen)
« Polypro bottles (1000 mL, wide opening) (e.g. Nalgen)
2. = Pyrex glass test tubes (20 x 150mm) {e.g. Corning)
»  Polypro funnels (67mm) (e.g. Marylands Plastics)
» (Glass disposable pipettes (5 mL)
+ Solvent for diluticn Water with 0.5 % HCOOH
« Mobile phase sclvent; Water with 2 % HCOOH
26 Methanol with 2 % HCQOOQOH
21.3. Reference ltem

See example 3.

214 Standard Solutions

Stock and standard sclutions were stored protected from light in a refrigerator at around 5°C.
33 Stock solutions (1000 mg/L)

b St e R S £ B 0 A A 18 Y BRI I e "W ] & T gt T2 b
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Intc a 130 mL amber screw-cap flask, weigh accurately between 20 and 50 mg of reference
item. Using a burette, add a volume of water to obtain a stock solution of exactly 1000 mg/L. Mix
thorougnly until complete dissolution using a magnetic stirrer. Two separate stock solutions
muzt be prepared for each compound. After comparison of these two stock solutions, they are

mixed.

Mixture soluticn

Pipette 5 mL of each stock solution using a class "A™ pipette. Pour into a ciass "A" 50 mlL
velumetric flask. Adjust volume with water, cap and mix by shaking (100 mg/L of each

compound;

Fortifving standard solutions

By serial dilutions of tha mixture soiution in water, prepare the fortifying standard solution used
far recoveries at 10LOQ level (0.1 mg/L of each compound) and the fortifying standard salution

used for recoveries at LOQ ievel (0.0 mg/L of each compound).

intermeadiate standard solution

By seriat aniutions of the mixture solution, prepars tne intermediate standard solution at 1.0 mg/L
using wates

Standard solutions in solvent

T2 obtain the standard sclutions used for calibration, dilute extzamporaneously using a dilutor
and water win G.5% formic acid, the intermediate standard soiution to obtain the following
concentrations: 0.2, 0.4, 0.5, C.75. 1,2, 5, 10 and 20 ug/L.

Matrix matchad standard selutions used for calibration

The occurrerce of mauix effects was monitcred and the measurement of both compounds is

esiabisned using matrix matched standards in both sample materials.

Frem tne intermediate standard solution, the dilutions are the same as preparation of standard

solutions in solvant, except the dilution mixture which is the final extract of a control sample.

Remarks :
+ 2010 25 mL cf final extract are necessary to make all dilutions.

+ final extracts of control sample could be prepared a day before use and stocked in a
rafrigeratcr.

2.1.5. Stability of the standard solyticns

The stock solutiors, stored protected from light in a refrigerator at around 5°C, were found to be

stable for 9 months and a haif,

(50
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22 Residue Analytical Methodology

Some modifications compared to the original analytical method were introduced.

The methed modification 008931/M001 presented in this report was validated in order to
suppress the steps of derivatization and clean up, to change the analysis and detection modes
and to decrease the Limit of Quantification (LOQ) of original method Q0931 from 0.001 mg/L for
fosetyl-Al and 0.004 mg/L for phosphorous acid in surface water and from 0.002 mg/L for

phosphorcus acid in drinking water to €.0001 mg/l. for each compound in both sample

materials.

« Th~ Limit of Quantification was decreased from 0.001 mg/L for fosetyl-Al and 0.004 my/L for
phcspherous acid in surface water and from 0.002 mg/L for phosphorous acid in drinking
water to 0.0001 mgil for each compound in both sample materials.

» The NaOH treatment was replaced by a resin treatment.

+ The derivatization step was supressed.

» The clean-up step with liquid-liquid partiticn was suppressed.

» The guantification was carried out by LC/MS/MS instead of GC/FPD.

At modifications were included in the description below.

A flow chart of the method is givan in Appendix 1.

Ncte @ during analysis, for each sample set, it is necessary to do a blank reagent where water
sample is replaced by Milli Q water to be sure that no phosphorous acid contamination (< 30%

LOQ) coming from sample preparation is found.
Remark . standard laboratory glass consumable should be cleaned with only detergents
centaining no phospnate and rinsed with water and acetone.

To avoid any contamination, the use of disposable lacoratory consumabie is strongly advised.

For recovery experiments, samples are fortified by adding the appropriate standard solution to
the sample material after weighing and before shaking.

Preparatior of the catipnic resin ;

15. Weigh about 25 g of AG 50VW-X8 resin into a 1000 mL polypropylene bottle.

16. Add about 500 mi of water.

17. Shake using a rotary shaker for about 13 minutes.

18. Discard the supernatant water.

19. Do steps 2 to 4 a second time.

20. Do steps 210 4 a third time,

21. Filtrate residual water and resin through two GF/A filters put in a polypropylene funnei and
previously rinsed with water.

Remark: resin is preparad either just before use or in advance, stored at ambient temperature

and re-hydrated just before use.
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Caution: phosphorous acid interferences could be observed if the resin is not washed as

described above.

Samples preparation

1. Weigh 0.6 g of AG 50W-X3 resin previcusly washed into a 125 mL polypropylene bottle.
2. Using disposable Pasteur pipette, weigh 20.0 g of homogeneous sample material into the
bottle
Note: weight of the sample is used for residue calculation, addressed as variable Wyer

Shake the sample using a rotary shaker for 10 minutes. This is the Extract A.

Mote: The weight of Extract A is used far residue calculation, addressed as variable Wggraq
in this case, there was no extraction: no solvent was added to water sample;

it was just a resin treatment, s0 Wegraee = Wivaey = 20 g

4. Using a disposablg glass pipette, transfer an aliquot of 5 mL of supernatant into a test tube
i previously weighted.
Note: The volume of aliquot is used for residue calculation, addressed as variable Vajiquo
{ Instead of transferring 5 mL, this aliguot could also be done by weighing & g = Waiquot )
Evaporate under a nitrogen flow using a sample concentrator at a temperature of about
£0°C to approximately 0.6 g. Caution nct to evaporate to dryness.

2o B, Using disposabiz pipette make-up to 1.0 g with acidified water with formic acid 0.5 %.

Motz: the cancentration of formic acid in acidified water used in step 8 is & ritical
parameter; it has an important action on the H3PO3 peak shape obtained in LC. The
increase from 0.5% to 2% of formic acid in acidified watar can give a very large H3PO3

5 peak. and accorcingly a ioss of sensitivity.

Sonicate for abcut § minutes. This is the Final Extract.

Ncte: weight of Final Extract is used for residue calculation, addressed as variable Weng

8. Procead to LC/MS/MS measurement, Chapter 2.3,
Note: if it is necessary to dilute the Final Extract due to a concentration outside the
0 calibration curve; use final extract of contrel sample because matrix matched standards are
used for calibration.

[]

o

2.3 Analysis and Instrument Conditions

The final extracts are injected into a high performance liguid chromatograph and detected by

(]
L]

tandern mass spectrometry with electrospray ionisation.

i A e S S A P S s AR M SN X

The quantification is carried out by external standardisation using matrix matched standards.

.3

=xemplary LC/MS/MS conditicns that were used in the course of this methed validation ars
listed in chapters 2.3.1 and 2.3.2. These conditions are given as a guidance and may have lo
be adapted for other HPLC-MS/MS systems

45 2.3.1. HPLC Conditions
‘nsirument: Binary pump Agitent 1120
Auto sampler; CTC Analytics HTS PAL

e it A Tty T Bl B e U TP B Ml o 2, AR
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Column! Hypercarb, 100 x 2.0 mm, & um
Precolumn: none
Injection Volume; 50 plL

Column temperature:  ambient (about 25°C)

Motbile Phase:

Isocratic mode: 55/ 45 viv) Methanol + 2% formic acid / water + 2% formic acid

Flew (Celumny 200 ul/min

Retention Timas: from 3.1 to 4.1 min for phosphorous acid and from 3.9 to 5.3 min for
fosetyl-Al

Remarks .

» Retention times in concentrated samples are lightly shorter than in solvent (about 0.2 min in
surface water and 0.5 min in drinking waten).

« ltis necessary to wait anout 2 hours the stabilisation of the HPLC system before injecting.
During a samples set, a light drift of retention time of both compounds can be observed.

« Hyparcark precolumn must not be used.

+ Depending of the phase batch of Hypercarb column. the percentage of formic acid in the
mobile phase ceuld be adapted to improve peaks shape (from 0.5% to 2%).

2.3.2. MS/MS3 Carditions

See example 3.

2.3.3. Confirmatory transitions

See exarple 3.

Note " all recovery samples were also analysed using confirmatory transitions.

The results are given in Appendix 8.

2.4 I 'nearity of the Detector

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using

standards in solvent and matrix matched standards.

The linearty was tested by injecting standards of fosetyl-Al and phosphorous acid at
concentrations between 0.2 and 20 pg/l..

3
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Tabie 13 Standard concentrations prepared for the determination of detector linearity. The
concentration corresponding to the LOQ is printed in the third column of the table.

f‘“_' )

} HPLC-MS/MS Standard Concentrations [pg/L]

T

| fosetylAl 02 | 04 | 05 10,755 1] 2|5 {102

L | i z

i‘ MR i
| t

i phosphorous acid | 0.2 + 04 | 0.5 (0,75( 1 } 2 8 10 20

!_.___, | . L ' _iw_,l__.___L___ ___J.,_,_J

2.5 Storage Stability of Extracts

The stability of sample extracts containing fosetyl-Al and phosphorous acid was not determined
in this study.

Evaluaticn in this case is peformed accordiry 1 the extarnal standardisation using matrix

matghed standards.

Durirg the analysis of each set of samples, the § standard solutions menticned in

Table 16 are injected once. Standarcs shouid be interspersed witn samples to compensate for

any minor change in instrumant response.

For each compcund, the peak area is plotted varsus the concentration in order to establish a

calibration surve obtained by linear regression weighting 1/x with least squares method.

The corresponding model to determine ihe concentration in final extracts is calculated using the
Analyst Software (Version 1.4).

Each final extract is injected once using the same conditions as previously described for the
standard solutions.

Using the predicting mathematical model previously established, the final concentration in pg/L
¢t each compound is determined for each injection.

For each compound. the amount of residue R, expressed in mg/L is calculated, using the
following formula
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;R — C x VEnd X_V_v—l:;zcr
1000 Vi, XV

Aliquort i

wherer R - Determined amount of residue of fosetyl-Al or phosphorous acid in mg/L
c - Concantration of fosety!-A! or phosghorous acid found in the final extract in pg/L
Veng - Volume of the final extract in mL, considering that : Veqg = Weng X Density i
where Wi = weight of the final extract in g, here 1 g and Density e mb/g ()
Ve arant - Volume of the extract A in mbL, considering that | Veame = Wedret X Density g

where Wegaa = weight of the extract A in g, here 20 g and Density ey mL/g (*).
In this case, there was no extraction: no solvent was added to water sample;
it was just a resin treatment, s0 Wegraet = Wivaer =20 g

Vovater SVoiume of the analytical sample in mL, considering that ‘mee{ = Winater X Density i
where Wiaer = weight of the water in g, here 20 g and Density = 1 mL/g (*)
Vet - Aliquot (of extract A) used before evaporation in mL, here 5 mL

If the aliquot has been weighed, Vaiguot = Wisuot X Density i
whera Wawe = weight of the aliquot in g, here 5 g and Density Ty ml/g (%)

Remarks (7} :

+ The density of all liquid samples (water, extracts) is considered equal to 1 independently to
rcom temperature. This allows to convert weignt of liquid samples into volume.

» noorder o express pheschorous acid in fosetyl-Al equivaient, the ratio of the molecular
weight must be used .

334.1g/mol

(82.0x3) g/mol

A -

Ratio=

because 1 mole fosetyl-Al (354 13) gives 3 moles of phosphorous acid.

2.52. Calculation of Recovery Rates

ae corcentration of 2ach compound in ugil is determined for the recovery sample according
tc 2561

The percent recovery rate is then calculated as follows

Rec=——~—

whe'2t Rec  Recovered amount fourd in fortified sample in %
C -Cencentration of fosetyl-Al or phospherous acid found in the analysed extract in g/l

A :Fortified amount of fosetyl-Al or phosphorous acid in pg/L
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2.5.2. Calculation of Relative Standarg Deviation (RSD)

The RS is calculated as follows -

RSD (%)= 8.D./Mean Recovery x 100 %

TR, - Ry R;: recovery
D=7
S ( ) Rm: mean recovery
n-1 .
n. number of recoveries

3  Results and Discussion

31 Specificity and Selectivity

The method aliows the determination of fosetyl-Al and its metabolite (phosphorous acid) in
drinking water and surface watar samples.
The specificity of the methed resulted frem the HPLC separation in combination with the very

- selective MS/MS detection.

W
[

Acparant resgues in Control Samples

Two contrsl camples wers analysad for each sampie material. The origin of the control materiais

used is listad in Table 17.

s Table 17 Qrigin of untreated contrel samples

Test system Qrigin

. : 1 ter 1
 Drinking wate: |BCS - CRLD - Tap water from lab D221 ~ Lyon - France

o - —— —

|
; Surface water

1

i =

St Agnan en Vercors - France

Some characteristics of surface water are recorded in Table 18,

Table 12; Characteristics of surface water

" date of pH ca rclay particles total arganic conductivity

: collect at165°C (mg/L) (mg/L) carbon (TOC) (uS/cm)

| {yyyy/mm/dd) | (mgiL)

} (NF T 90-008) {(patentiometric ’ (NF EN 872) (NF EN 1484) [ (NF EN 27 888)
l detection)

| 20csi0327 8.1 | 88 | <2 1.00 400

e S o T B v i i i b R b T e
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These characteristics were determined by :
Cemagref
Division qualité des eaux et prévention des pollutions
Groupement de Lyan
3 bis quai Chauveau
59336 Lyon cedex C9 - France

A residue level estimation in control samples was performed. The results are listed in Table 19.
The apparent residues for all control samples wera below 30% of the LOQ for each compound,
i.e. < 000003 mg/L.

Takl2 19 Apparant residues in untreated control samples for fosatyl-Al and phosphorous acid

ey — | —
; Sample l o | LOQ Apparent residuas
i ; rigin
Material ‘ [mg/L] [mg/L)
. ; 5
i |
! ' ’ | phospho- ‘ phospho-
| | fosetylAl | T | fosetyl-Al ‘
| j rous acid i rous acid
T e
(DIORNG ) ges  CRLD - Tap water | |
| mran » i
A rom tab D221 — Lyon - I 00001 | 90001 | <30%LOQ | <30% LOQ
]| France ‘[ f |
Sufface—z 5t Agnan en-.\;;rcvs - | ; : |
water i | 20001 L 00001 | <30% LOQ | <30% LOQ
‘ i France ‘ |
3.2 Limit of detection

Corerel sample “ariified at 0.000C0C mg/L were analysed to tast the limit of detection of fosetyl-Al

anrd phespriorous acid. The rasults are given in Table 20

Tatble 20: Recovary rate obtained for fosetyl-Al and phosphorous acid at 0.05 ug/L fortification

leve!
- — —
‘ ‘ Fortification level l Recovery '
 Sample Matanal |
! [mg/L) ! [%]
| i |
z
j phosphaorous . phosphorous
i fosetyl-Al | fosetyl-Al | P
f_ g acid acid
e S _
i Drinking water | |’
| 000005 0.00005 1 89 75
|
| Surface water ,.
? 0.60005 ! 0.00005 ! 106 | 95
. - - | |
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34 Linearity of the Detectors and Matrix Effects

Tha fneanty of the detector used was tested for fosetyl-Ai and phosphorous acid using
standards ir solvent and matrix matched standards.
3 Tne linearity was tested by injecting staniards of fosetyl-Al and phosphorous acid at

concentrations between 0.2 and 20 ug/L.

Experimental details can be found in Chapter 2.4.

In gach chromatogram, tne measured peak area of fosetyl-Al or phosphorous acid is plotted
versus the corresponding concentration of respectively fosetyl-Al or phosphorous acid contained

in each standard sclution, in order to obtain calibration curve of the form :

y=ax+b {1/xweighting}

wherg ! y = peak area,

x = concentratian in injected standard soiution

z The resuds cf the determination of detector response for LC/MS/MS are summarised in Table

4

118

Taple 21 Summary of the aetermination of detactar linearity for LC/MS/MS.

e

T — S—

‘ | phosphorous |
i Detectior Parameter | fosetyl-Al _ !
[ acid

————— —+
1
LC/MSIMS Linear range [ug/L] 02-20 02-20
I Y (SR -
| R _ S S
E i No. of concentrations 9 9

g

No. of injecticns l 1 1

;- e ...\______! e 8 e e & 2 bt [ 18 e e e et

! Model | 1/x weighted | 1x weighted
‘ ! linear regression | linear regression
: l“-_“ P - S ...,_,T.,__.,..‘. e rem . —
4 | Correlation coefficient (R)

| , | >0.9993 > 0.9991

'for standards prepared in solvent j

e e — —
; | Correlation coefficient (R) :

| >0.9981 >0.9990

for matrix matched standards |

[, .
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An excellent finear correlation between the injected amount of the analytes and the detector
responses of LC/MS/MS was observed for standards in the range of 0.2 to 20 pg/L for both

compounds, using either standards prepared in sclvent or matrix matched standards.

The cccurrence of matrix effects was monitored. The resuits are shown in Table 22 and table
23
Table 22:  Matnx effect evaluation for fosetyl-Al.

FL : Fortification Leve)

1 { Measurement using
Number . ! .
_ Fi Standards in pure Matrix matched
Sample Materiai of Vaiues
, img/\] ) solvent standards
! L0
| Mean (%] | RSD [%)] | Mean [%]| RSD [%)]
r'f‘nkiﬂg water 0.0C01 5 25 17.0 86 [12.2
| 7
| 0.001 5 370 82 8.5
Isurace wat.- 0.0001 5 | g7 ,r 78 107 |64
: e t ; ‘
L] ooo 5 123 & 4 | 96 3.3

Table 22: Matrix effect evaiuation for phosphorous acid
FL: Fortification Lavel

I
{ Measurement using
| Number .
f _ FL Standards in pure Matrix matched
i Samale Ma‘erial of Valuas
“ {mg/L] ") solvent standards
n
! .
| Mean [%}l RSD (%) | Mean [%] | RSD [%]
.y , T
Drirkirg wate! 0.0001 5 80 33 7% |57
1 ey
! 0ot 5 64 113 83 11.9
Suriace water 00001 5 123 4.2 108 |41
; 0.001 5 101 48 93 46

In drinking water, the measurement of fosetyl-Al must be established using matrix matched

standards. The results obtained with standards in pure soivent for phosphorous acid in bath
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An excellent tinear correlation between the injected amount of the analytes and the detector
responses of LC/MS/MS was observed for standards in the range of 0.2 to 20 pg/L for both

cocmpounds, using either standards prepared in selvent or matrix matched standards.

o

The occurrence of matrix effects was monitored. The results are shown in Table 22 and table
23,

Table 22:  Matrix effect evaluation for fosetyl-Al

FL : Fortification Level

1
Measurement using
Number .
FL | Standards in pure Matrix matched
Sample Material of Values |
[mg/L! ) solvent standards
| \n)
Mean [%] | RSD [%] | Mean [%]| RSD [%)]
Drinking water 0.0001 5 25 17.0 86 {122
0.001 5 33 7.0 82 6.5
}Stﬂface water | 0.0001 5 97 7.9 107 6.4
‘ A
B L O.C‘“ 5 103 34 . 96 3.3
Table 23; Matrix effect evaluation for phospherous acid
10 FL . Fortification Level
Measurement using
Number
. FL Standards in pure Matrix matched
Sample Material of Values
{mg/L] - solvent standards
n
Mean [%)[RSD [%) | Mean [%)]) RSD [%)]
Qrinking water 0.0001 5 80 33 76 |5.7
0.001 5 64 11.3 88 11.9
Surface water 0.0001 5 123 42 100 |4.1
0.001 5 101 4.6 93 48

In drinking water, the measurement of fosetyl-Al must be estabiished using matrix matched

standards. The resuits obtained with standards in pure solvent for phosphorous acid in both
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sample materials do not always comply with European requirements. So the measurement of

both compounds in drinking water and surface water is established using matrix matched

standards.

3.5. Limit of Quantification and Recovery Experiments

The limit of quantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 to 110% and an RSD of £ 20% could be obtained. The LOQ was

set at 0.0001 mg/L for each compounds in drinking water and surface water.

To validate the method for these matrices, samples were fortified with a defined amount of

fosetyl-Al and phosphorous acid prior to analysis.

38. Recovery Rates

Tre detailed recovery results obtained are listed in Table 24 and table 25.

Table 24: Recovery rates obtained for fosetyl-Al, RSD: relative standard deviation

;
| | Fortification Level Recovery of fosetyl-Al
Sampie Material ‘
[mg/L] | Single Values [%] Mean [%)| RSD [%)]
Drinking water  10.0001 78 76 87 |86 12.2
p @ N
0.001 78 75 87 |82 6.5
87 82
Overall Mean and RSD 84 9.7
Surface water  {0.0001 ' 100 103 107 107 6.4
0.001 98 100 96 |96 33
92 94
Overall Mean and RSD 101 7.5

Table 25: Recovery rates obtaired for Phosphorous acid, RSD: relative standard deviation
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T
Fortification Level Recovery of Phosphorous acid
Sample Material |
[mg/t] | Single Values [%] Mean (%]| RSD [%)]
—
Drinking water io.oom ( 72 72 74 |76 5.7
10.001 80 76 89 188 11.9
| 96 101
Overall Mean and RSD 82 12.4
Surface water  {0.0001 109 106 106 (109 4.1
S SO A R
0.001 97 98 94 |93 4.6
88 90
Overall Mean and RSD 101 9.3

The obtained recovery rates are summarised below in Table 26.
in total 20 recovery rates were determined for each compound.
The single recovery rates were in the range of 75 to 118 % for fosetyl-Al and of 72 to 117 % for
phosphorous acid. The mean recovery rates per fortification level were in the range of 89 to 96
% for fosetyl-Al with an overall recovery rate over all sample materials and fortification levels of
93% and of 91 to 93 % for phosphorous acid with an overall recovery rate over all sample

materials and fortification levels of 82 %.

The relative standard deviations (RSD) for the single fortification levels ranged from 9.6 to 14.3
% for fosety-Al and from 88 to 198 % for phosphorous acid (n=10).
The overall RSD values per sample material were between 7.5 and 9.7 % for fosetyl-Al and 9.3
and 12.4 % for phosphorous acid (n=10). The RSD value across all samples was 12.7 % for
fosetyl-Al and 15.0 % for phosphorous acid (n=20).
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Table 26: Summary of the recovery data for the determination of accuracy and repeatability;
RSD: relative standard deviation

! | |
, | l Phospho- —'
| Parameter fosetyl-Al
| } rous acid
| Accuracy .(LSingle recoveries [%)] l 75-118 72 - 117 _‘
; o _ !
‘ 1 Mean recoveries per fortification level [%] 89 - 96 g1 .93
: l Mean recoveries per sample material {%) | 84 - 101 82 - 101
’ i
! Overall mean [%) l 93 92
_ Number of vaiues n | 20 20
loe ] e !
: Repeatabiity | RSD per fortification level [%) ' 96-143 | 88-19.8 }
RSD per sample material {%] I 75-97 | 93-124 ‘
| Gverall RSD [%] | 12.7 15.0 |
| l : —

3.7 Storage Stability of Extracts

n

The stability of sample extracts containing fosetyl-Al and phosphorous acid was not determined
in this study.

4, Evaluation and Discussion

The presented residue analytical method modification 00931/M0C1 was validated for the
determination of residuas of fosetyl-Al and its metaholite (phosphorous acid) in drinking water
1¢  and surface water by LC/MS/MS. '

The sample material is treated with a cationic resin and then concentrated. The residues of
fosetyl-Al and its metabolite (phosphorous acid) are quantified by HPLC using an Hypercarb
column and detected by tandem mass spectrometry with electrospray ionisation. The

15 quantification was done by an external standardisation in matrix matched standards.

The validation set included the determination of the detector linearity, the limit of quantification

and the accuracy of the methed.

20 The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using

standards in solvent and matrix matched standards.
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The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at respective
concentrations between 0.1 and 5 pg/L and 1 and 50 pg/L, except for wheat samples between
0.31 and 8.3 pg/L and 3.1 and 83 ug/L. The detector response was linear in these ranges.

The cecurrence of matrix effects was monitored.

Ir all the sample materials, the measurement of phosphorous acid must be established using
matrix matched standards. So the measurement of both compounds is established using matrix
matched standards.

The apparent residues for all control samples were below 30% cf the LOQ for each compound,
i.e. < 0.003 mg/kg of fosetyl-Al and < 0.03 mg/kg of phosphorous acid.

Tna imit of gquantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 to 110% and an RSD of £ 20% could be obtained. The LOQ was
set at 0.01 mg/kg for fosetyl-Al and at 0.1 ma/kg for phospheorous acid in grape (whole fruit),
orange (whole fruit), lettuce (head), cucumber (whole fruit), avocado (whole fruit), and wheat
{grain).

The accuracy of the method can be assessed on the basis of the determined recavery rates.
The single recovery rates were in the range of 69 to 114 % for fosetyl-Al and of 85 to 113 % for
prosphorous acid. The mean recovery rates per fortification level were in the range of 93 o 97
% for fosetyl-Al with an overall recovery rate over all sample materials and fortification levels of
95% and of 86 to 97 % for phosphorous acid with an overall recovery rate over all sample
materials and fortification levels of 91 %.The accuracy of the method fulfils the requirements for
residue analytical methods which demand that the mean recoveries for each fortification level
should be in the range of 70-110%.

The precision and repeatability of the method can be assessed on the basis of the determined
relative standard deviations (RSD) for the mean values of the recovery rates.

the relative standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3
% far fosetyl-Al and from 8.5 to 14.9 % for phosphorous acid (n=30).

The relative standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3
% for fosetyl-Al and from 95 to 14.9 % for phosphorous acid (n=30).
The overall RSD values per sample material were between 2.1 and 10.8 % for fosetyl-Al and 6.0
and 17.8 % for phosphorous acid (n=10). The RSD value across all samples was 10.2 % for
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fosetyl-Al and 13.7 % for phosphorous acid (n=60). All RSD values were well below 20%, so
that the precision and repeatability of the method can be considered acceptable.

All results of the method validation are in accordance with the general requirements for residue

5  analytical methods, so this method modification has been validated successfully.

Note : during analysis, for each sample set, it is necessary to do a blank reagent where water
sampie is replaced by Milli Q water to be sure that no phosphorous acid contamination (< 30%

LOQ) coming from sample preparation is found.

Remarks :
15« standard iaboratory glass consumable should be cleaned with only detergents containing no
phosphate and rinsed with water and acetone.
To avoid any contamination, the use of disposable laboratory consumabie is strongly
advised.

» Before start of validation ' measurements equipment / chemicals should be tested for any
13 residues of phosphorous acid.
« If some contamination is observed, see if the use of special HPLC vials (e.g. polypropyiene

vials. Agilent, art. 5182-0567) can be helpful to reduce the background for phosphorous
acid.

)
(%]

Assessment of differant LC conditions :

All recovery samples were also analysed using different LC conditions. The only modification
was the mobile phase,

—" -1
LC conditions ! Original [ Substitute
_ ) tsocratic mode: 55 / 45 (v/v) Isocratic mode: 35 / 65 (viv)
Change in the mobiie phase

_ methanot + 2% HCQCH / i methanol / water + 2% HCOOH

i compaositicn
water + 2% HCOOH
‘ from 3.1 to 4 1 min for phosphorous | about 3.2 min for phosphorous
Retention times acid and 3.9 to 5.3 min for fosetyl- | acid and 5.2 min for fosetyl-Al

Al

_— e

Complete original LC conditions are indicated in 2.3.1 .

The results are presented in Table 27.

Table 27: Sufnrnary of the results obtained \(Nith substitute LC conditions

} ‘ ! f Calibration curve j
| Test LC [

i " Compound N Standards in pure Matrix matched

; system I conditions »

‘ ‘ ] solvent | standards i
| Drinking water o | -
| rinking water . original | (LOQ and 10LOQ) : No | (LOQ and 10LOQ): OK |
| ! fosetyl-Al | ‘ i
| ) | substitute | (LOQ and 10LOQ) : N—l {LOQ and 10LOQ):Oﬂ
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T{ | oa:ok | 1

| original | , - (LOQ and 10LOQ) + OK
H3PO, - | 10LOQ . No

'r

\

|
[i substitute | (LOQ and 10LOQ): No | (LOQ and 10L0Q) : OK

: N [

| i ] . (LOQ and 10LOQ) : OK
. {  original (LOQ and 10LOQ) : OK

| fosetylAl T - —

substitute | (LOQ and 10LOQ) : No | (LOQ and 10LOQ) : No

Surface water [ i Loa N
. . : " No

| i S

, original - {LOQ and 10LOQ) : OK
‘ 1 10LOQ : OK :
H3PO; O I
, , LOQ : No
\, . substitute | (LOQ and 10LOQ)Y 1 OK
C ) | I » 10LOQ : OK ! N

"QK" means that the results comply with European requirements.
“No" means that the results do not comply with European requirements.

The column “Standards in pure soivent” is given as information.

3 When matrix matched standards are used, the different experiments done showed that for
surface water the validation failed only for fosetyl-Al at LOQ and 10L0OQ if substitute LC

conditions are used. For drinking water, no problem was observed.

For drinking water, the method was successfully validated, accerding to the European

10 requiramenis (86/46/EC of 18" July 1996) at 0.1 pg/L and ten times this limit for fosetyl-Al and
phasphorous acid, only when matrix matched standards were used, independently of LC
conditions tested.

For surface water, the method was successfully validated, according to the European

15 requirements (S6/46/EC of 16" July 1996) at 0.1 ug/L and ten times this limit for fosetyl-Al and
phospharous acid, only when matrix maiched standards were used, depending on LC
conditions tested (notatly for fosetyl-Al).

5 Varant method

20 A variant method was aiso validated on drinking water and surface water. The sample
preparation of the main methed was strongly simplified by the suppression of the concentration
step and all recovery samples were analysed in the HPLC and detection conditions given in
2.3.1 and 2.3.2. before the concentration step.

A flow chart of the variant method is given in Appendix 8.
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A summary of the results is given in Table 28 and the detailed recovery results obtained are
listed in Appendix 7.

5 Table 28 _Summary of the results obtained with variant method

|
[ ! Calibration curve

|
Test i LC | _[7

t Compound | N Standards in pure | Matrix matched
‘ system } conditions | ; '
| [ o ' solvent standards

...—T— ———— E -

'- i origingt | (LOQ and 10LOQ) : OK | (LOQ and 10LOQ) : OK

| | fosetylAl T

I i T
| [_s_.ubstitute [ (LOQ and 10LOQ) : No | (LOQ and 10LOQ) : OK
! Drinking water | ' i ’ —

j anal | LOQ: Ne LOQ: No
; origina '
| : }__ ° ) 10LOQ : OK 10LOQ : OK
i i H3p03 { ;
! | ; ) 1 LOQ - Ne
| 2 . substitute  (LOQ and 10LOQ) : Na : [
- i ‘ L ' 10LOQ ; OK N
] original (LOQ and 10LOQ): OK | (LOQ and 10LOQ) : OK ‘
fosetyl-Aj 1
: | | substitute ; (LOQ and 10LOQ) : OK | (LOQ and 10LOQ) : OK
. Surface water "_ 5 ‘
‘ ; | o | LOQ : No L.OQ: No
] otiginal
o N 10L0Q : OK 10LOQ : OK
‘ HaPO3 | ! -
‘ | LOQ : No LOQ : No
‘ ' substitute

"OK" means that the results comply with European requirements.
‘No” means that the results do not comply with European requirements.

The column “Standards in pure soivent’ is given as information.
12 Remark © to quantify non concentrated water samples, it is necessary to adapt standards
solutions concentrations. As phosphorous acid is not sensitive enough, this method does not

allow its determination at the limit of quantification of 0.1ug/L.

The variant method was successfully validated, according to the European requirements

-
o

(96/46/EC of 16" July 1996), for non concentrated drinking water and surface water at 0.1ug/L
for fosetyl-Al and ten times this limit for fosetyl-Al and at 1ug/L for phosphorous acid when

matrix matched standards were used, independently of the LC conditions tested.

Regarding to the main method, the sample preparation was greatly simplified and allows to save -
20 alotoftime.

e
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Appendix 4
Flow Diagram of Residue Method 00931/M001

Main point ; for each set of samples, it is necessary to do a blank reagent
where water sample is replaced by H20 milliQ to be sure that no H3P03

—
!
1 contamination (< 30% L0OQ) coming from sample preparation is found.

0.6 g of washed AG 50W-X8 resin
{in disposable Nalgene bottle PP)
+

20.0 g of water sample
(using disposable Pasteur Pipette)
(Add here using a dilutor 200 uL of the fortifying solution for LOQ recoveries
or 200 ul of the fortifying solution for 10LOQ recoveries)

Y

Mechanical agitation (10 minutes) at ambient temperature; corresponds to
Extract A

Y

Pour 5 mL of extract
(using a disposable glass pipette)
into a weighted disposable glass test tube

Y

Evaporation at 60°C under a nitrogen flow to about 0.5 g
CAUTION NOT TO GO TO DRYNESS

v

Make-up to 1 g with water + formic acid 0.5%
(using disposable Pasteur Pipette)

Sonication :
correspond to Final Extract

v

(C HPLC Measurement with Electraspray MS/MS detection U

If necessary to dilute the Final Extract due to concentration outside the
calibration curve : use final extract of control sample

(because matrix matched standards are used for calibration)
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Appendix §
Details on LC-MS/MS conditions

5 Comment:
Synchronization Mode: LC Sync

Auto-Equilibration: Off
Acquisition Duration:  10minisec
Number Of Seans: 455

10 Periods In File: 1
Acquisition Module: Acquisition Method
Software version Analyst 1.4

MS Method Properties:

Period 1:

Scans in Pericd: 455
Relative Start Time: 0.00 msec
20 Experiments in Period: 1

Period 1 Experiment 1;

Scan Type: MRM (MRM)

25 Polarity: Negative
Scan Mode: N/A
lon Source: Turbo Spray
Resolution Q1: Unit
Resolution Q3: Unit
i Intensity Thres.:0.00 cps
Settling Time:  0.0000 msec
MR Pause: 5.0070 msec
MCA: No
Step Size: 0.00 amu
35
Quantifier transitions:
Q1 Mass (amu) Q3 Mass (amu) OCwellimsec) Param Start  Stop
80.90 78.90 400.00 DP -55.00 -55.00
(phosphorous acid) CE -22.00 -22.00
40 CXP 500 -5.00
Q1 Mass (amu) Q3 Mass (amu) Dwell(msec) Param Start Stop
108.90 80.90 200.00 DP -45.00 -45.00
{fosetyl-Al) CE -16.00 -18.00
45 CXP -1.00 -1.00
Q1 Mass (amu) Q3 Mass (amu) Dwellimsec)  Param Start  Stop
80.90 62.90 400.00 DP -55.00 -55.00
50 (phosphorous acid) CE -38.00 -38.00
CXP 100 -1.00
Q1 Mass (amu) Q3 Mass (amu) Dwell(msec) Param Start Stop
108.90 62.90 300.00 Dp -45.00 -45.00
5 (fosetyl-Al) CE -38.00 -38.00

CXp .500 -5.00
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Parameter Table (Period 1 Experiment 1):

CAD: 6.00
CUR: 20.0Q

5 GS1:  40.00
GSs2: 80.00
TEM: 800.00
ihe: ON
IS: -4500.00

10 EP -10.00
Agilent 1100 LC Pump Method Properties

Pump Model:  Agilent 1100 LC Binary Pump

'8 Minimum Pressure (psi); 0.0
Maximum Pressure (psi): 5801.0
Dead Volume (ui): 40.0

Maximum Flow Ramp (mi/min?): 100.0
Maximum Pressure Ramp (psi/sec): 290.0
20 Step Table:

Step  Total Time(min) Flow Rate(ul/min) A (%) B (%)
0 0.00 200 450 55.0
1 10.00 200 450 55.0

Left Compressibility: 50.0

Right Compressibility:  115.0

Left Dead Volume (pl); 40.0

Right Dead Volume (10): 40.0

Left Stroke Volume (ul): -1.0

Right Stroke Volume (pl): -1.0

3 Left Solvent: A2 (water + 2% formic acid)
Right Solvent:  B1 (methanol + 2% formic acid)

¥ad
&

CTC PAL Auto sarnpler Method Properties :

35 Loop Velume1 (ul): 50
Loop Volume2 (pl): 50
Injection Volume (). 200.000
Method Description:
Syringe: 250u
47 Analyst LC-In;
Air Volume () 0
Pre Clean with Salvent 1 () 2
Pre Clean with Solvent 2 () 1
Pre Clean with Sample () 0
45 Filling Speed (ui/s) 5
Filling Strokes () 0
Inject to LC Viv1
injection Speed (pi/s) 50
Pre inject Detay (ms) 500
50 Post inject Delay (ms) 500
Post Clean with Solvent 1 () 3
Post Clean with Solvent 2 ()
Valve Clean with Salvent 1 ()
Valve Clean with Solvent 2 ()
55
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'I Gas pressure | Auto sampler CTC Analytics
L |HTS Pal (n° 1303)
| N2 -4 bar | Peltier rack 10 °C
| Air gas | 7.5 bar | Loop 50 pL
;: Air Exhaust gas J 4 bar ' Solvent 1 H,O + 0.5% HCOQH
| | Solvent 2 MeOH
?— r Oven Agilent
G1316A (n°1284)
L | Temperature Not used
- i
;, Valco valve Column selector

| | | c2-0000EP Vi1 C5-0006EMTD
i i 1{n°1289) {n° 1280)
‘Ir________ ] 1 Ten ports 8 positions ]
i 1 2 positions Not used
ir__ - | | Not used
| Pumps | Source Probe TurbolonSpray
L | n° 1291
' Binary purp Agilent 1100 G*3124 1400 psi | n° 1288

(n® 1297) ' | N
lf'ﬁ%~ ) )TO,Z mL/min Horizontal Position 7 (x axis)
1 A2= H,0 + 2% Formic Acid 145 % ) Vertical Position 7 (y axis)
[ BT= MeOH + 2% Formic Acid | .o, | Capilary ext s mm

isocratic 1
] | g Mass Spectrometer AP{ 4000
L | | Device GLP n° 1292 |
| Binary pump Agilent 1100 G1312A | Not used

(n° 1296) ‘.

Flow - | Column
(A= - i Precolumn none

B= - Column SMAR 68-1

| Isacratic mode

{ Thermo Hypercarb 100 x 2.0mm 5um

_

ambient temperature)

'ﬂ
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Appendix §
Resuits obtained with confirmatory transitions

Cr

Sample } Fortification Level Recovery
‘ Compound
Material [mg/L] Single Values [%)] Mean [%)| RSD [%]
| 0.0001 77 75 81 |85 12.8
91 101
fosetyl-Al 0.001 78 73 86 (80 6.7
, 85 79
Drinking Qverall Mean and RSD 83 10.2
water 0.0001 62 67 86 |79 16.6
E . | 89 89
: phosphorous
¥ _ 0.001 78 77 84 g6 11.0
: acid
1
% Qverall Mean and RSD g2 13.9
A1 -_ 0.0001 86 101 106 {107 9.4
il ‘ 122 112
; fosetyl-Al 0.001 99 100 96 |97 2.9
E !
; ; 94 94
Surface Overall Mean and RSD 102 8.8
1
; ‘water 0.0001 116 108 104 [109 40
‘ 109 108
1 phosphorous
: ‘ 0.001 100 96 93 |93 5.6
§ ! acid
i ‘ 88 88
2 Overall Mean and RSD 101 8.5
4
:2
!
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Appendix 7
Results obtained with substitute LC conditions

Dinking water

AT

> !f:‘

Fortification l‘i Recoveries
Calibration :
curve Compound evel 1 Single Values (%) Mean [%]| RSD [%]
mgi]
!
0.0001 | 10 10 9o 9.1
| 9 8
[fosetyl-Al 0.001 18 18 17 18 47
17 19
| standards in Overall Mean and RSD 14 341
; pure solvent 0.0001 35 35 37 |36 46
1 38 34
‘phosphorous
: - 0.001 29 28 33 |30 6.2
: acid
i | 30 30
3 (
1 ‘ Overall Mean and RSD 33 10.6
é 0.0001 95 94 85 |89 6.3
i
i ‘ 83 82
| i
i fosetyl-Al 0.001 96 97 04 |97 4.0
.:¢
;: 93 103
maftrix
matched Qverall Mean and RSD 93 6.6
standards 0.0001 93 94 98 |96 46
| : 102 91
phosphorous
_ 0.001 85 81 95 (87 59
acid
86 86
Overall Mean and RSD 91 72
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Surface water
Fortification Recoveries
Calibration I
curve Compound Leve Single Values (%) Mean [%)| RSD [%]
% [mg/L]
0.0001 26 26 30 |30 17.5
31 39
fosetyl-Al 0.001 45 59 71 |58 15.7
60 59
standards in Overall Mean and RSD 45 371
pure solvent 0.0004 51 63 64 |60 9.2
59 64
phosphorous :
) 0.001 ] 69 73 71 |70 35
acid
67 68
Overall Mean and RSD 85 8.8
1 0.0001 103 102 111 1112 10.1
113 130
fosetyl-Al 0.001 98 127 151 {126 14.9
128 126
matrix
matched Overall Mean and RSD 119 13.8
standards 0.0001 89 108 109 |103 8.2
101 109
phosphorous N o '
' 10.001 105 110 108 {105 36
acid ‘
i 101 102
Overall Mean and RSD 104 6.0
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Appendix 8
Flow chart of variant method

| Main point : for each set of samples, it is necessary to do a blank
. reagent where water sample is replaced by H20 milliQ to be sure
that no H3PO3 contamination (< 30% L.OQ) coming from sample
preparation is found.

0.6 g of washed AG 50W-X8 resin
(in disposable Nalgene bottle PP)
+

20.0 g of water sample
(using disposable Pasteur Pipette)
(Add here using a dilutor 200 uL. of the fortifying solution for LOQ recoveries
or 200 pL of the fortifying solution for 10LOQ recoveries)

v

Mechanical agitation (10 minutes) at ambient temperature :
Extract A corresponds to Final Extract

Y

(L HPLC Measurement with Electrospray MS/MS detection))

If necessary to dilute the Final Extract due to concentration
outside the calibration curve ; use final extract of control
sample

(because matrix matched standards are used for calibration)
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Appendix 9
Results obtained with variant method
Drinking water
_ ! Fortification Recoveries
Calibration |
curve Compound Leve Single Values [%] Mean [%]| RSD [%]
[mg/L]
} 0.0001 99 97 99 |97 2.1
98 94
! | —
fosetyl-Al 0.001 ‘, 101 98 91 (96 3.9
| s 95
standards in
pure solvent Overall Mean and RSD a7 3.0
0.0001 no result
phosphcrous  0-001 105 100 101 101 2.0
acid || 101 100
I
Qverall Mean and RSD 101 2.0
-
lo.oom 106 104 106 |104 2.0
i 105 101
fosatyl-Al 10.001 101 98 92 |o6 35
matrix 95 96
matched
standards Qverall Mean and RSD 100 5.0
70.90(_)1 o no rasult
phosphorous  [0-001 98 92 93 |04 27
acid 93 92
Overall Mean and RSD 94 27




WO 2006/0795660 PCT/EP2006/001433
82

Surface water

| Fortification | Recoveries
. Calibration j
curve Compatind Level Single Values [%]  [Mean [%] RSD [%]
i {mgiL]
' 0.0001 103 87 101 |97 79
i 103 90
2 fosetyl-Al 0.001 L1101 102 98 101 |17
1 102 100
standards in H

: Overall Mean and RSD 99 57
pure solvent
- 0.0001 no result
3 acid 99 99
B ¢ ;

;! 5 Overall Mean and RSD 97 2.1
& 0.0001 104 88 102 |98 7.9
e
- ;

' 104 g1
fosetyl-Ai 0.001 101 101 98 (100 1.8

imatrix 102 99
8 imatched

; Overail Mean and RSD 99 5.4

standards
0.0001 no resuit
M ettt SO _—
‘acid 95 95
i | ‘Overall Mean and RSD 93 2.2
1
5  Example 5
; This detailed example concerns the analysis of fosetyl-Al and of phosphorous acid using soil
¥
i samples. This example is a modification M0O1 to the Analytical Method 00974 for the
i determination of residues of fosetyl-Al and its metabolite (Phosphorous acid) in soils.
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Data Requirement
. EU Council Directive 91/414/EEC amended by Commission Directive 96/46/EC
. European Commission Guidance Document for Generating and Reporting Methaods of

Analysis in Support of Pre-Registration Data Requirements for Annex [l (Part A, Section 4) and
Annex I (Part A, Section 8) of Directive 91/414, SANC0/3029/9%

. European Commission Guidance Document for Residue Analytical Methods,
SANCO/825/00 rev.7

Summary
The presented residue anaiytical method modification 00974/M001 was validated for the
determination of residues of fosetyl-Al and its metabolite (phospherous acid) in soils by
LC/MS/MS,

The residues of fosetyl-Al and its metabolite (phosphorous acid) are extracted from the soil
samples by shaking with ammonia buffer solution. This extract is then treated with a cationic
resin and a final dilution is done before the analysis by LCMSMS. The residues are quantified
by HPLC using an Hypercarb column and detected by tandem mass spectrometry with
electrospray ionisation. The quantification was done by an external standardisation using
standards prepared in pure solvent.

The validation set included the determination of the detector linearity, the limit of gquantification
and the accuracy of the method.
The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
standards in solvent and matrix matched standards. .
The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at
concentrations between 0.25 and 25 ug/t.
The occurrence of matrix effects was monitored.
The conclusion is that

- no significant difference is observed when the measurement of fosetyl-Al is
established using either standards prepared in solvents, or matrix matched standards ;

- the measurement of phosphorous acid is better (higher mean recoveries and lower
RSD found) when it is established using standards prepared in solvents, instead of using matrix
matched standards.
For all these reasons, standards prepared in solvents should be used.

The apparent residues for all control samples were below 20% of the LOQ for each compound,
i.e. <0.01 mg/kg.
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The limit of quantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 to 110% and an RSD of 20% could be obtained. The LOQ was
set at 0.050 mg/kg for each compounds in soils samples.

The accuracy of the method can be assessed on the basis of the determined recovery rates.
The single recovery rates were in the range of 70 to 81 % for fosetyl-Al and of 80 to 98 % for
phosphorous acid. All mean recoveries rates were in the range of 70 to 110 %.The accuracy of
the method fulfils the requirements for residue analytical methods which demand that the mean
recoveries for each fortification level should be in the range of 70-110%.

The precision and repeatability of the method can be assessed on the basis of the determined
reiative standard deviations (RSD) for the mean values of the recovery rates. All RSD were well
below 20 %. Thus the precision and repeatability of the method can be considered acceptable.
All results of the method validation are in accerdance with the general requirements for residue
analytical methods, so this method modification has been validated successfully.

1 [ntroduction

Fosetyl-Al is a fungicide.

The method modification 00974/M001 presented in this report was validated in order to
suppress the steps of derivatization, to change the analysis and detection modes and to
decrease the Limit of Quantification (LQQ) of original method 00974 from 0.100 mg/kg to 0.050
mg/kg for fosetyl-Al and phosphorous acia.

Table 29:  LOQ and principle of analytical determination

: o
j Compaund ! Fosetyl-Al Phosphorous acid
i

Eetermined as { Fosetyl-Al Phosphorous acid

ﬁ T
Calcul_a__t_ed as Fosetyl-Al Phosphorous acid
Principle of Determination LC/MS/MS LC/MS/MS
LOQ [mgrkg] Soil sample 0.05 0.05

*mw&rmm

1.1 Citation of the Original Method

Qriginal Method : 00874

Compounds : fosetyl-Al and its metabolite (phosphorous acid)

Reason for Modification : «Suppress the steps of derivatization.

i, defined as the lowest valivated fortification level

A
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-Change analysis and detection modes from GC/FPD
to LC/MS/MS,

-Decrease the LOQ from 0.100 mg/kg to 0.050 mglkg
é, for fosetyl-Al and phosphorous acid

1.2 Physical and Chemical Properties

See example 3.

2 Experimental Section

10 21 Materials

211 Apparatus

Standard laboratory glass ccnsumable should be cleaned with only detergents containing no
phosphate and rinsed with water and acetone.

To avoid any contamination, the use of disposable laboratory consumable is strongly advised.

13 « Balances :

# accuracy = 0.1 mg (analytical standards) (e.g. Mettler AT261 range)

# accuracy = 0.1 g (samples) (e.g. Mettler PM2000)

« Dilutor (e.g. Hamilton MicroLab 1000 plus)

= Rotary shaker (e.g. Heidolph REAX 2)

20 » Centrifuge (e.g. Hermle Z513K)
{ex Hettich EBA12)

s HPLC (8.9. Binary Pump Agilent 1100)

» Autosampler (e.g. CTC Analytics HTC PAL)

« Tripie Quadrupole HPLC-MS/MS Mass Spectrometer

(2%
(4]}

(e.g. Sciex Instruments, API 4000 System)
¢  Column (e.g. Hypercarb, 100 x2.0 mm, 5 ym)

3.1.2 Reagents and Supplies

s Acetone (e.g. Pestipur® SDS)
3¢ e Methanol {e.g. Pestipur® SDS)
» Formic acid {e.g. Analytical reagent ® Merck)
s Ammonium hydrogen carbonate (e.g. Normapur® Merck)
* ammonia solution 32% (e.g. Rectapur ® Merck)
« Cationic resin (AG 50W-X8, 20-50 Meshs, hydrogen form) (e.g. Bio Rad)
35 «  GF/A filters (125 mm), (e.g. Whatman)
» Polypro bottles (1000 mL, wide opening) {e.g. Nalgen)
¢ Polypro bottles (250 mL, wide opening) (e.g. Nalgen)
¢ Polypro bottles (125 mL, wide opening) ' (e.g. Nalgen)
¢ Polypro bottles (60 mL, wide opening) (e.g. Nalgen)
46 Polyprofunnels (67mm) (e.g. Marylands Plastics)

* Conical centrifuge tube (15 mL) (e.g. Merck)
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e Solvent for dilution ; Water with 0.5 % HCOQOH

= Mobile phase solvent Water with 2 % HCOOH

Methanol with 2 % HCOQH
* ammonia buffer solution : pour 500 mL of water in a 1000 mL volumetric flask, add
§ 20 g of ammonium hydrogen carbonate and mix with a magnetic stirrer until complete
solubilisation. Add 15 mL of ammonia solution 32% and complete to 1000 mL with water.

213 Reference ltem
Only sufficiently characterised and certified item was used as reference item.

10 The reference item was made available by Bayer CropScience GmbH produkt Analytik, G864,
industriepark Hochst, D-65926 Frankfurt-am-Main, Germany.

Tabie 30: Reference itam data

T !
Name of Substance " Batch Number Content [%] Date of Expiry
fosetyl-Al ‘ 12/1080 976 February 20, 2006
phosphorous acid 04911DN 96.2 March 02, 2008 J

2.1.4 Standard Solutions

—
U

Stock and standard solutions were stored protected from light in a refrigerator at around 5°C.
Stock solutions (1000 mg/L.)
Into a 100 mL amber screw-cap flask, weigh accurately between 20 and 50 mg of reference
item. Using a burette, aud a volume of water to obtain a stock solution of exactly 1000 mg/L. Mix
20 thoroughly until complete dissolution using a magnetic stirrer. Two separate stock solutions
must be prepared for each compound. After comparison of these two stock solutions, they are
mixad.
Mixture solutions
Pipette 5 mL of each stock solution using a class “A+" pipette. Pour into a class ‘A" 50 mL
26 volumetric flask. Adjust volume with water, cap and mix by shaking (100 mg/L of each
compound). Two different mixture solutions are prepared.
Fortifying standard solutions

By dilution in water of one of the mixture solution, which is also used as fortifying solution for
recoveries at 10LOQ level (100 mg/L of each compound), prepare the fortifying standard
3¢ solution used for recoveries at 1.OQ level (10 mg/L of each compound).
Intermediate stangard saolution

By serial dilutions of the other mixture solution, prepare the intermediate standard solution at 1.0
mg/L of each compound using water.
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Before use, the intermediate solution and the fortifying standard solution used for recoveries at
LOQ leve! are compared to validate their preparation.
Standard solutions in solvent used for calibration
To obtain the standard solutions used for calibration, dilute extemporaneously using a dilutor (or
in a different way) and water with 0.5% formic acid, the intermediate standard solution to obtain
the following concentrations: 0.25, 0.4, 0.5, 1, 2.5, 5, 10 and 25 pg/t.

Matrix matched standard solutions

The occurrence of matrix effects was manitored and the measurement of both compounds is
established using matrix matched standards in both sample materials.
From the intermediate standard solution, the dilutions are the same as preparation of standard

solutions in solvent, except the dilution mixture which is the final extract of a control sample.

Remarks :

20 to 25 mL of final extract are necessary to make all dilutions.
. tc avoid the use of standard laboratory glass consumable, which could bring some
H3PQ3 contamination, the dilution of the control sampie extract B is done by weighing. Using
disposable Pasteur pipette weigh 3.0 g of extract B into a 60 mL polypropylene bottle. Using
another disposable Pasteur pipette, make-up to 30.0 g with acidified water with formic acid 0.5

% : this is the control sample final extract used as dilution mixture to prepare matrix matched
standard solutions.

215 Stability of the standard solutions

The stock solutions, stored protected from light in a refrigerator at around 5°C, were found to be
stable for 8 months and a half

22 Residue Analytical Methodoloqy

Some madifications compared to the original analytical method were introduced.

The methed modification 00974/M0Q1 presented in this report was validated in order to
suppress the steps of derivatization, to change the analysis and detection modes and to
decrease the Limit of Quantification (LOQ) of original method 00974 from 0.100 mg/kg to 0.050
mg/kg for each compound.

. The Limit of Quantification was decreased from 0.100 mg/kg to 0.050 mg/kg for fosetyl-
Al and phosphorous acid.

. The derivatization step was suppressed.

. The guantification was carried out by LC/MS/MS instead of GC/FPD.

All medifications were included in the description below.
A flow chart of the method is given in Appendix 7.
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Note : during analysis, for each sample set, it is necessary to do a blank reagent without soil
sample to be sure that no phosphorous acid contamination (< 30% LOQ) coming from sample
preparation is found.

Remark @ standard laboratory glass consumable should be cleaned with only detergents
containing no phosphate and rinsed with water and acetone.

To avoid any contamination, the use of disposable laboratory consumable is strongly advised.

For recovery experiments, samples are fortified by adding the appropriate standard solution to
the sample materiai after weighing and before shaking.

Preparation of the cationic resin .

1. Weigh about 25 g of AG 50W-X8 resin into a 1000 mL polypropylene bottle.
2. Add about 500 mL of water.

3. Shake using a rotary shaker for about 10 minutes.

4, Discard the supernatant water.

5. Do steps 2 to 4 a second time.

8. Do steps 2 to 4 a third time.

7

Filtrate residual water and resin through two GF/A fitters put in a polypropylene funne!
and previously rinsed with water.

Remark: resin is prepared either just before use or in advance, stored at ambient
temperature and rehydrated just before use.

Caution: phosphorous acid interferences could be observed if the resin is not washed as
described above.

Samples preparation :
1 Weigh 200 g of homogeneous sample material into a 125 mi. polypropylene bottie.

Note: weight of the sample is used for residue calculation, as variable Weight

Sample -

2 Add 30 mL of ammonia buffer solution.

3 Shake the sample using a rotary shaker for 30 minutes at ambient temperature.

4, Centrifuge the extract (3600 rpm — 5°C) for approx. 5 minutes.

5 Pour about 100 g of acidified water with formic acid 0.5 % into a 250 mi. polypropylene
bottle previously weighted.

6. Add the supernatant into the 250 mL polypropylene bottle.

7 Add 30 mL of ammonia buffer solution on the bottom.

8. Shake the sample using a rotary shaker for 30 minutes.

9 Centrifuge the extract (3600 rom - 5°C) for approx. 5 minutes.
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10. Pour the supernatant into the 250 mL polypropylene bottle.
11. Using disposable Pasteur pipette, make-up to 200 g with acidified water with formic acid
0.5 %. This is the Extract A (for information, the pH is around 6.5).

Note: weight of extract A is used for residue calculation, as variable Weight ¢, .. a -

12. Weigh 3.0 g of AG 50W-X8 resin previously washed into a conical centrifuge tube.

13. Using a disposable glass pipette. transfer an aliquot of 5 mlL of Extract A into the
centrifuge tube.

14, Shake the sample using a rotary shaker for 10 minutes.

15. Cantrifuge the sample (6000 rpm — ambient) for approx. 5 minutes : the supernatant
obtained corresponds to Extract B (for information, the pH is around 2.5).

Note: this step of resin treatment is necessary to obtain a narrow H3PQ3 peak shape.

18. Dilute using a dilutor (or in a different way) ten times the extract B using acidified water
with formic acid 0.5 %. This is the Final Extract (for information, the pH is around 2.5).

17. Proceed to LC/MS/MS measurement, Chapter 3.3.

18. If necessary to dilute the Final Extract due to a concentration outside the calibration
curve : use acidified water with formic acid 0.5 %.

23 Analysis and Instrument Conditions

Thre final extracts are injected into a high performance liquid chromatograph and detected by
tandem mass spectrometry with electrospray ionisation.

The quantification is carried out by external standardisation using standards prepared in solvent.
Exemplary LC/MS/MS conditions that were used in the course of this method validation are

listeq in chapters 3.3.1 and 3.3.2. These conditions are given as a guidance and may have to
be adapted for other HPLC-MS/MS systems.

231 HPLC Conditions

Instrument.  Binary pump Agilent 1100

Autosampler: CTC Analytics HTS PAL
Column: Hypercarb, 100 x 2.0 mm, 5 um
Precolumn: none

injection Volume; 50 pL

Coiumn temperature:  ambient (about 25°C)

Mobile Phase: Isocratic mode: 85/ 45 (viv) Methanol + 2% formic acid / water + 2% formic

acid

Flow {(Column). 200 pl/min

(\ (')\
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Retention Times:

Remarks :

PCT/EP2006/001433

about 3.1 min for phosphorous acid and 4.2 min for fosetyl-Al.

» Itis necessary to wait about 2 hours the stabilisation of the HPLC system before injecting.
During a samples set, a light drift of retention time of both compounds ¢an be observed.

e Hypercarb precoiumn must not be used.

» Depending of the phase batch of Hypercarb column, the percentage of formic acid in the
mobile phase could be adapted to improve peaks shape (from 0.5% to 2%).

« At the contrary, do not increase the HCOOH rate in the injection solvent. The use of water
at 0.5% formic acid as injection solvent is necessary to keep a narrow H3PO3 peak shape.

2.3.2 MS/MS Conditions

The experiments were performed on a triple-quadrupole mass spectrometer system, fitted with
an electrospray interface operated in the negative ion mode under MRM (multiple reaction

monitoring) conditions.
For instance;

Detectcr:  Triple Quadrupole HPLC-MS/MS Mass Spectromaeter,

2 9. Sciex instruments, API 4000 System

Source: TIS (Turbo lon Spray)

Temperature.  650°C

Scan Type: MRM-Mode (Multiple Reaction Monitoring Mode)
Polarity: Negative ion mode

Gas Flows: Nebulization Gas Air (GS1): 40
Turbo Gas Air (GS2): 60
Curtain Gas N, (CUR): 15
Callision Gas N, (CAD): 6

Collision Energy:

Precursor lon Product lon Dwell Time | Collision Energy
Compound |
| ' Q1 Mass (amu) | Q3 Mass (amu) (msec) (V)
Lo f
—
|
l Fosetyl-Al T 109 81 ; 200 -16
LPhosphorous acid } 81 79 400 -22
Table 31:  Mass spectrometer scan parameters for the quantifier ions used, The detailed

instrument settings used are given in chapters 3.3.1 and 3.3.2. Varying instrument systems or
instrument parameters may result in different ion transitions and different retative intensities.
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Note: Some mass spectrometer conditions are instrument specific. The specirometer
conditio.:s should be optimised by a competent operator prior to analysis.

5 Details on MS/MS and LC conditions are given in Appendix 8.

The fragmentation pathways for the quantifiar ions for fosetyl-Al and phosphorous acid are
shown in Figure 1 and in Figure 2.

10 Figure 1: Proposed fragmentation pathway for fosetyl-Al
J} . loss of C2H4 ¥ i
H,C~C—0~P—0 ~  HO-P-0
2 H N
m/z 109 m/z 81

Figure 2: Proposed fragmentation pathway for phosphorous acid

(1): . loss of M2 -
HO—ITD~O - PO,
H
m/z 81 m/z 79

2.3.3 Confirmatory transitions

To confirm or exclude some interference or pollution in samples, the following transitions can be
used in the same conditions described above :

!
Precursor lon Product lon { Dweli Time |Collision Energy (V)
{ Compound
Q1 Mass (amu) Q3 Mass (amu) {msec)
fosetyl-Al 109 63 300 -38
phosphorous acid , 81 63 400 -38

26 The fragmentation pathways for the confirmatory transitions for fosetyl-Al and phosphorous acid
are shown in Figure 3 and in Figure 4.
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Figure 3: Proposed fragmentation pathway for fosetyi-Al
0O
| . loss of C2H4 -
HBC—-C“—O“P—-O - PO,
H, |£| and H20
m/z 109 m/z 63
Figure 4: Proposed fragmentation pathway for phosphorous acid
O loss of H20 .
[ .
HO-P—0 — PO,
H
m/z 81 m/z 63

PCT/EP2006/001433

Note : all recovery samples were also analysed using confirmatory transitions. The results are

given in Appendix 9.

2.4 Linearity of the Detector

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
standards in solvent and matrix matched standards.

The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at

concentrations between 0.25 and 25 ug/L.

Table 32:

concentration corresponding to the LOQ is is printed in bold figures.

. HPLC-MS/MS Standard Concentrations [ug/L]
! |
fosetyl-Al 025 04 /05| 1 25| 5 | 10 | 25
'. | J
i ' |
i i
0.5 1 25 | 3 10 | 25

Ephosphorous acid | 0.25 0.4

2.5 Storage Stability of Extracts

Standard concentrations prepared for the determination of detector linearity. The

The stability of sample extracts containing fosety!-Al and phosphorous acid was not determined

in this study.

2.6 Calculation
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26.1 Calculation of Residues

Evaluation in this case is performed according to the external standardisation using standards
prepared in solvent.

During the analysis of each set of samples, the 8 standard solutions mentioned in

Table 4 are injected once. Standards should be interspersed with samples to compensate for
any minor change in instrument response.

For each compound, the peak area is plotted versus the concentration in order to establish a
calibration curve obtained by linear regression weighting 1/x with least squares methad.

The corresponding model to determine the concentration in final extracts is calculated using the
Analyst Software (Version 1.4).

Each final extract is injected once using the same conditions as previously described for the
standard solutions.

Using the predicting mathematical model previously established, the final concentration in Hg/L
of each compound is determined for each injection.

For each compound, the amount of residue R, expressed in mg/kg is calculated, using the
following formula :

R = C x Weight, ... X Density 'x D
1000 x Weightg, .
where:
R : Determined amount of residue of fosetyl-Al or
phosphorous acid in soil sample in mg/kg
c Concentration of fosetyl-Al or phosphorous acid found
in the analysed extract in pg/l
Weight . . Weight of the extract A in g, here 200 g
Dc—msity'1 ; 1 mL/g
D : Dilution factor to obtain the Final Extract, hers 10
Weight 0, Sample weight of analytical sample in g, here 20 g
Remarks :
. The density of all sclutions used during the sample preparation (ammonia buffer

solution and H20 at 0.5% HCOOH) is considered equal to 1 independently to room
temperature. This allows to convert the extract weight into extract volume.

. M it is necessary to express phosphorous acid in fosetyl-Al equivalent, the ratio of the
molecular weight must be used
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Ratio = 354.1g/mol _
(82.0x 3) g/mol

because 1 mole fosetyl-Al (354.1g) gives 3 moles of phosphorous acid,

262 Calculation of Recovery Rates

The concentration of each compound in pg/L is determined for the recovery sample according
t02.6.1.

Tne percent recovery rate is then calculated as follows :

Rec = Cx100

where: Rec :Recovered amount found in fortified sample in %

C :Concentration of fosetyl-Al or phosphorous acid found in the analysed extract in pg/L

A : Fortified amount of fosetyl-Al or phosphorous acid in pg/l.

26.3 Calculation of Relative Standard Deviation (RSD)

The RSD is calculated as follows :

RSD (%)=  S.D./Mean Recovery x 100 %

(R - R Ri: recovery
SD = 112
P [ ] Rm: mean recovery
-1
n n: number of recoveries
3 Results and Discussion

31 Specificity and Selectivity

The method allows the determination of fosetyl-Al and its metabolite (phosphorous acid) in soil
samples,

The specificity of the method resulted from the HPLC seraration in combination with the very
selective MS/MS detection.

32 Apparent residues in Control Samples

The methed was validated using the two German scils Héfchen and Laacher Hof.

Two different soils were used in order to assess a possible influence of different soil
characteristics. The soil samples were classified according to DIN and/or USDA specifications.
Soil characteristics of the used soils are summarised in Table 33.
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Complete soil characterisation is raported in the Appendix 10.

Table 33:  Soil Types

Soil Texture of Soll Organic Matter {%)
Hofchen silt loam (USDA) 1.58
lLaacher Hof sandy loam (USDA) 2.06

A residue level estimation in control samples was performed. The resuits are listed in Table 34.

The apparent residues for all control samples were below 20% of the LOQ for each compound,
i.e. < 0.01 ma/kg.

Table 34.  Apparent residues in untreated control samples for fosetyl-Al and phosphorous
acid

|

| . t LOQ Apparent residues
. Sample Material 5
' | [ma/kg] | [mg/kg]

| ! :

, ‘phospho- hospho-
; i fosetyl-Al _ fosetyl-Al phose i _
| i ‘ roeus acid : rous acid i
| T i
i Héfchan 1 0.0 | 0.05 <10% LOQ | < 20% LOQ

|
| T
| | W ‘
L Laacher Hof ~ 0.05 1 0.05 <10% LOQ | < 10% LOQ

33 Linearity of the Detectors and Matrix Effects

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
standards in solvent and matrix matched standards.

The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at
concentrations between 0.25 and 25 ug/L.

Experimental details can be found in Chapter 2.4,

In each chromatogram. the measured peak area of fosety!l-Al or phosphorous acid is plotted
versus the corresponding concentration of respectively fosetyl-Al or phosphorous acid contained
in each standard solution, in order to obtain calibration curve of the form -

y=ax+b (1/x weighting)
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where : y = peak area,

X = concentration in injected standard solution

The results of the determination of detector response for LC/MS/MS are summarised inTable
5 35

Table 35:  Summary of the determination of detector linearity for LC/MS/MS.

T
|

phosphorous
§ i -
. Detection | Parameter E fosetyl-Al acid
L i \
i LC/MSIMS Linear range [ug/L] i 026-25 0.25-25
E . S — B s [
No. of concentrations | 7or8 7o0r8
| No. of injections . 1 1

‘ , ! 1/x weighted 1/x weighted

; Model ‘ , , .
r linear regression | linear regression
I Correlation coefficient (R) |
| ‘ 0.8999 2 0.9996
: for standards prepared in solvent |
D e R
Correlation coefficient (R) {
2 0.9997 0.9999
i

for matrix matched standards

An excellent linear correlation between the injected amount of the analytes and the detector
responses of LC/MS/MS was observed for standards in the range of 0.25 to 25 ug/L for both
10 compounds, using either standards prepared in solvent or matrix matched standards.

The occurrence of matrix effects was monitored.
The results are shown in Table 36 and Table 37.

15  Table 36.  Matrix effect evaluation for fosetyl-Al FL : Fortification Lavel

T
1

Measurement using

‘ Number ) )
‘ ‘ FL Standards in pure Matrix matched
Sample Material of Values
[mg/kg) ) solvent standards
n

Mean [%]| RSD [%] | Mean [%] | RSD [%]

0.05 5 72 2.7 81 3.8
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0.05 5 72 2.7 81 3.8
Hofchen i
0.5 5 78 1.1 78 3.2
0.05 5 71 2.3 67 57
Laacher Hof
¢5 5 80 1.4 76 58

Table 37;  Matrix effect evaluation for Phosphorous acid FL : Fortification Level

!
' Measurement using
Number ,
| FL Standards in pure Matrix matched
Sample Material of Values
[ma/ka) o) soivent standards
n
i Mean [%]| RSD {%] | Mean [%] | RSD [%)]
0.05 5 91 3.2 76 10.0
Hofchen
0.5 5 85 2.3 77 3.9
0.05 5 84 9.0 72 14.4
Laacher Hof
05 5 84 2.0 78 3N

The results presented in the two previous Tables 36 and 37 show that ;

- no significant difference is observed when the measurement of fosetyl-Al is
established using either standards prepared in solvents, or matrix matched standards,

- the measurement of phosphorous acid is better ('higher mean recoveries and lower
RSD found) when it is established using standards prepared in solvents, instead of using matrix
matched standards.

For all these reasons, we advice to use standards prepared in solvents.

34 Limit of Quantification and Recovery Experiments

The limit of quantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 to 110% and an RSD of = 20% could be obtained. The LOQ
was set at 0.050 mg/kg for each compounds in soils samples.

To validate the method for these matrices, control samples were fortified with a defined amount
of fosetyl-Al and phosphorous acid prior to analysis.

3.5 Recovery Rates
The detailed recovery results obtained are listed in Tables 38 and 39.
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All results given in Tables 38 and 39 have been obtained by using standards prepared in
solvents and the quantifier ion (see 3.3.2).The results obtained with the confirmatory transition
are given in Appendix 9.

Table 38: Recovery rates obtained for fosetyl-Al, RSD: relative standard deviation

r

: Eortification ‘ Soil Single Values (%] Mean RSD
_Imgkg] | (%) [%]
! 0.08 ; Hofchen 75 71 70 72 73 72 2.7
| 0.05 t Laacher Hof 70 72 71 74 70 71 2.3
mean of all 0.05 mg/kg single values 72 2.4

0.5 } Hofchen l 79 79 79 77 78 78 1.1

‘ 0.5 . Laacher Hof | 80 80 79 78 81 80 1.4
mean of all 0.5 mg/kg single values 79 1.5

mean of all Héfchen samples 75 4.7

! mean of all Laacher Hof samples 76 6.0
| overall mean 75 53

Table 39:Recovery rates obtained for Phosphorous acid, RSD: refative standard deviation

Fortification 1 Soil Single Values [%) Mean RSD
[mg/kg] (%) (%)

| 0.05 Hofchen 95 80 87 91 91 22 3.2
? 0.C5 Laacher Hof 98 80 82 81 81 84 9.0
i mean of all 0.05 mg/kg single values 88 7.3
0.5 Héfchen 87 84 86 82 84 85 23

0.5 Laacher Hof 84 83 84 83 87 84 20
mean of all 0.5 mg/kg single values 84 2.0

mean of all Hofchen samples 88 4.6

mean of all Laacher Hof samples 84 6.2

overall mean 88 5.6
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The obtained recovery rates are summarised below in Table 40.
In total 20 recovery rates were determined for each compound.

Table 40:
RSD: relative standard deviation

PCT/EP2006/001433

Summary of the recovery data for the determination of accuracy and repeatability,

Phosphorous | Number
Parameter Fosetyl-Al _
! acid of values n
N
| Single recoveries [%) 70 - 81 80-98 20
| Mean recoveries per fortification level [%] 72-78 84 - 88 10
Accuracy
Mean recoveries per kind of soils {%] 75-78 84 - 88 10
Overall mean [%)] 75 86 20
RSD per fortification level [%] 1624 20-73 10
- —
Repeatavility | RSD per kind of soils [%] 47-6.0 46-6.2 10
Overall RSD [%] 5.3 5.6 20

The previous table shows that |

The single recovery rates were in the range of 70 to 81 % for fosetyl-Al and of 80 to 98 % for
phosphorous acid. All mean recoveries rates were in the range of 70 to 110 %,

Alt RSD were well below 20 %.

4 Evaluation and Discussion

The presented residue analytical method modification 00974/M001 was validated for the
determination of residues of fosetyl-Al and its metabolite (phosphorous acid) in soils by
LC/MS/MS.

The residues of fosetyl-Al and its metabolite (phosphorous acid) are exiracted from the soil
samples by shaking with ammonia buffer solution. This extract is then treated with a cationic
resin and a final dilution is done before the analysis by LCMSMS. The residues are quantified
by HPLC using an Hypercarb column and detected by tandem mass spectrometry with
electrospray ionisation. The quantification was done by an external standardisation using
standards prepared in pure solvent.

The validation set included the determination of the detector linearity, the limit of quantification
and the accuracy of the method.
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The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using
standards in solvent and matrix matched standards.

The linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at
concentrations between 0.25 and 25 ug/L. The detector response was linear in these ranges.

The occurrence of matrix effects was monitored

- no significant difference is observed whan the measurement of fosetyl-Al is
establishad using either standards prepared in solvents, or matrix matched standards ;

- the measurement of phosphorous acid is better (higher mean recoveries and lower
RSD found) when it is established using standards prepared in solvents, instead of using matrix
matched standards.

For all these reasons, we advice to use standards prepared in solvents.

The apparent residues for all control samples were below 20% of the 1.OQ for each compound,
e < 0.01 mg/kg.

The limit of quantification (LOQ) was defined as the lowest fortification level where a mean
recovery within the range of 70 to 110% and an RSD of J 20% could be obtained. The LOQ
was set at 0.050 mg/kg for each compounds in scils samples.

The accuracy of the method can be assessed on the basis of the determined recovery rates.
The single recavery rates were in the range of 70 to 81 % for fosetyl-Al and of 80 to 98 % for
phosphorous acid. All mean recoveries rates were in the range of 70 to 110 %.The accuracy of
the method fulfils the requirements for residue analytical methods which demand that the mean
recoveries for each fortificatior: level should be in the range of 70-110%.

The precision and repeatability of the method can be assessed on the basis of the determined
relative standard deviations (RSD) for the mean values of the recovery rates. All RSD were well
below 20 %. Thus the precision and repeatability of the method can be considered acceptable.

Ail resuits of the method validation are in accordance with the general requirements for residue
analytical methods, so this method modification has been validated successfully.

Note : during analysis, for each sample set, it is necessary to do a blank reagent without soil
sample to be sure that no phosphorous acid contamination (< 30% LOQ) coming from sample
preparation is found.

Remarks

. standard laboratory glass consumable should be cleaned with only detergents
containing no phosphate and rinsed with water and acetone.

To avoid any contamination, the use of disposable laboratory consumable is strongly advised.

WO



\\_\

WO 2006079566 PCT/EP2006/001433
101
. Before start of validation / measurements equipment / chemicais should be tested for

any residues of phosphorous acid.
. If some contamination is observed, see if the use of special HPLC vials (e.g.
polypropylene vials, Agilent, art. 5182-0567) can be helpful to reduce the background for

phosphorous acid.

Appendix 7
Flow Diagram of Residue Method 00974/M001

Soil sample preparation procedure

. Main point ; for each set of samples, it is necessary to do a blank reagent

\ without soil sample to be sure that no H3PO3 contamination (< 30% LOQ)

E coming from sample preparation is found

| (that is why disposable consumables are used) |

20.0 g of soil sample into 125 mL polypropylene bottle
{Add here 100 uL of the fortifying solution for LOQ recoveries
or 100 uL of the fortifying solution for 10L0Q recoveries)

+

30 mL of ammonia buffer solution
¥
Mechanical agitation (~30 minutes) at ambient temperature
| {
Centrifugation (~5 minutes ar ~3600rpm at ~5°C)
i ¥
Bottom
+ 30 ml of ammonia buffer solution

Put the floating into a weighted
l disposable 250 mL polypropylene
bottle where about 100 g of acidified |
water at 0.5% formic acid were
already poured
A
Centrifugation :
(=3 minutes at ~3600rpm at ~5°C) ~ — 5 Floating

Make-up to 200 g with H20 at 0.5% HCOOH,
using Pasteur pipette : Extract A

Mechanical agitation (~ 30
minutes) at ambient temperature

Weigh 3 g of washed AG 50W-X8 resin into a conical centrifuge tube

Transfer about 5 mL of Extract A into this centrifuge tube, using disposable pipette
Mechanichal agitation for ~1 X minutes at ambient temperature

Then centrifuge (~5 minutes at ~ 6000 rpm — ambient):
the supernatant obtained corresponds to Extract B

Dilute 10 times the extract B in H20 + 0.5% HCOOH = Final Extract for LCMSMS

If necessary to dilute the Final Extract due to concentration outside the
calibration curve : use H20 + 0.5% HCOOH
Remark : ~ means 'around '.
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Appendix 8
Details on LC-MS/MS conditions
Comment:
£ Synchronization Mode: LC Sync
Auto-Equilibration: Off

Acquisition Duration:  10minisec
Number QOf Scans: 455

Periods In File: 1
1€ Acquisition Module: Acquisition Methad
Software version Analyst 1.4

MS Methad Properties:

15 Period 1:
Scans in Period: 455
Relative Start Time: 0.00 msec
Experiments in Period. 1

- 2
:“o;. . Period 1 Experiment 1;
e+ -
Scan Type: MRM (MRM)
Polarity: Negative
25 Scan Mode: N/A
lon Source: Turbo Spray

Resolution Q1: Unit
Resolution Q3: Unit
Intensity Thres.:0.00 cps

3¢ Settling Time:  0.0000 msec
MR Pause: 5.0070 msec

MCA: No
Step Size: 0.00 amu
35 Quantifier transitions:
Q1 Mass (amu) Q3 Mass (amu) Dwellimsec)  Param Start  Stop
80.90 78.90 400.00 DP -55.00 -55.00
(phosphorous acid) CE -22.00 -22.00
CXP -500 -5.00
40
Q1 Mass (amu) Q3 Mass (amu) Dwellimsec) Param Start Stop
108.90 80.90 200.00 DP -45.00 -45.00
{fosetyl-Al) CE -16.00 -16.00
CXP 100 -1.00
45
Confirmatory transitions:
Q1 Mass (amu) Q3 Mass (amu) Dwelllmsec) Param Start  Stop
80.90 62.90 400.00 DP -85.00 -55.00
(phosphorous acid) CE -38.00 -38.00
30 CXP 100 -1.00
Q1 Mass (amu) Q3 Mass (amu) Dwelllmsec)  Param Start  Stop
108.90 62.90 300.00 DP -45.00 -45.00
(fosetyl-Al) CE -38.00 -38.00
55 CXP -500 -5.00

Parameter Table (Period 1 Experiment 1):
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CAD: 6.00
CUR: 15.00
GS1. 40.00
G82: 60.00
5 TEM: 650.00
ihe: ON
1S: -4500.00
EP -10.00
10 Agilent 1100 LC Pump Method Properties
Pump Model:  Agilent 1100 LC Binary Pump
Minimum Pressure (psi). 0.0
Maximum Pressure (psi): 5801.0
+5  Dead Volume (l): 40.0

Maximum Flow Ramp (ml/min?): 100.0
Maximum Pressure Ramp (psi/sec): 280.0

Step Table:

Step  Total Time{min) Flow Rate(ul/min) A (%) B (%)
20 0 0.00 200 55.0 450

1 10.00 200 550 450

Left Compressibility: 500
Right Compressibility:  115.0
Left Dead Volume (pl): 40.0
25  Right Dead Volume (pl):40.0
Left Stroke Voiume (ul): -1.0
Right Stroke Volume (uf): -1.0
Left Solvent: A1 (methanol + 2% formic acid)
Right Solvent. B2 (watar + 2% formic acid)

Fiefcersrat -

36
CTC PAL Autosampler Method Properties :

Loop Volume1 (ul): 50
Loop Volume2 (ul): 100
35 Injection Volume (pl):  100.000
Method Description:
Syringe: 250ul
Analyst LC-Inj
Air Volume (i) 0
40 Pre Clean with Solvent 1 () 2
Pre Clean with Solvent 2 () 1
Pre Clean with Sample () 0
Filling Speed (ul/s) 5
Filling Strokes () 0
a5 Inject to LC Vivi
Injection Speed (ul/s) 50
Pre Inject Delay (ms) 500
Post Inject Delay (ms) 500
Post Clean with Solvent 1 () 3
50 Post Clean with Solvent 2 () 2
Valve Clean with Solvent 1 () 2
Valve Clean with Solvent 2 () 1

55

oM
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! Gas pressure
|

l} Autosampler CTC Analytics
'HTS Pai (GLP n° 1303)

N2 4 bar

Peltier rack 10 °C

Wash solvent 1: H20 - 0.5%HCO0OH

%Air GS1/GS2 gas 7 bar
| 4 bar

; Wash solvent 2 : MeQH

| Air Exhaust gas

v ! SO
- Pumps
:__Analytlcal LC pump : _ ]
. Binary 1 pump Agilent 1100 (GLP n° 1296). L
iﬁ& = Methano! + 2% Formic Acid Valco valve used Column selector used
B2 = H,0 + 2% Formic Acid GLP n° 1289 GLP n° 1356
Source
— | GLP n° 1291
Probe TurbolonSpray
Pump for making-up solvent : GLP n° 1288
N Horizontal Position 7 (xaxis)
. ) Vertical Position 7 {y axis)
Capillary exit 1 mm
*[_ ) i Mass Spectrometer APl 4000

Device GLP n® 1292

Binary 2 pump Agilent 1100 (GLP n® 1297}

A2 = H:0 + 2% Formic Acid

F Column ¢ ,[at room temperature
‘ z

|

B2 = Acelonitrile

 Precolumn : none

Column : SMAR 68-1

' Thermo Hypercarb 100 x 2.0mm Sum

S

—
N
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Appendix 9
Resuits obtained with confirmatory transitions

All results in Tables 41 and 42 have been obtained by using standards prepared in solvents.

Table 410 Recovery rates obtained for Fosetyl-Al. RSD: relative standard deviation

| Fortification Soil Single Values (%] Mean RSD

mglksl | %l | (%

! 0.05 i Hofchen 77 73 72 76 74 74 2.8

! 0.05 | Laacher Hof 72 72 78 78 71 74 2.7

% mean of alt 0.05 mg/kg single values 74 2.6

- 0.5 T‘ Héfchen 78 78 80 76 78 78 1.8
05 Laacher Hof | 80 80 79 79 81 80 1.0
!,!_ mean of all 0.5 mg/kg single values 79 1.7

mean of all H&fchen samples 76 3.6

mean of all Laacher Hof samples 77 4.4

i overall mean 77 3.9

Table 42: Recovery rates obtained for Phosphorous acid, RSD: relative standard deviation

I Fortitication | Soil 1 Single Values [%] Mean RSD
(mg/kg] ! (%] (%]
0.05 ' Hofchen 92 87 85 87 85 87 33

0.05 Laacher Hot | 87 75 78 73 79 78 6.8

5 mearn of all 0.05 mg/kg single values 83 7.4
0.5 Hafchen 86 85 85 81 84 84 23

0.5 Laacher Hof 83 83 83 82 86 83 1.8

mean of all 0.5 mg/ky single values 84 2.0

mean of all Héfchen samples 86 3.3

mean of all Laacher Hof samples 81 5.6

| overall mean 83 | 53

All results obtained above with confirmatory transition comply with European requirements.
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Appendix 10
Soil characterisation

PCT/EP2006/001433

Textural Description according to

Soil Hofchen
Soil Hofchen, piot 4011: ‘ 0 — 30 cm soil layer
pH (in CaCl, sclution) ?6,7
pH (in Hz0) f 7.4
QOrganic Carbon [%] 10.92
l Qrganic Matter [%] ~ 11.58
| Cation Exchange Capacity 12.4
[meq / 100 g dry soil] '
max. Water Holding Capacity 39.4
L[g /100 g dry soil] z

|

USDA _)

Fraction [%] k
- |
Clay 194 |
(<0.002 mm) :
Sitt 76.3 |
(0.002-0.050 mm) |
sand 43 |
(0.050-2.000 mm) J
Soil type:  silt loam J

* Qrganic matter = Qrganic carbon x 1.72

\Ss
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Soil Laacher Hof

PCT/EP2006/001433

Soil Laacher Hof, plot 712/718:

D~ 30 cm soil layer

pH (in CaCly solution)
pH (in H,0)

Organic Carbon [%]
Organic Matter [%)] *

Cation Exchange Capacity
Imeq/ 100 g dry soil]

max. Water Holding Capacity
[g/ 100 g dry soil]

6.8
7.4

1.20
2.06

9.8

379

Textural Description accerding to

(0.050-2.000 mrm)

USDA
| Fraction [%]
Clay 12.0
/(<0.002 mm) )
Sitt 18.3 |
(0.002-0.050 mm) ;
Sand 69.7 ‘

Soiltype.  sandy loam

* Organic matter = Organic carbon x 1.72
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CLAIMS

1. Methed for analyzing one or more pesticidal compounds present in amounts of

wn

less than or equal to 0.00005 mg/kg of a sample, comprising the following steps:
- preparation of the sample ;
- opticnal dilution of the sample prepared :
- direct analysis of the optionally diluted sample by high performance
liquid chromatagraphy (MPLC )tandem mass spectrometry (MS/MS).

.
[

2. Method according to Claim 1, comprising a step consisting of dilution of the sample
prepared.

3. Method according to either of Claims 1 and 2, for analyzing one or more pesticidal
5 compounds present in amounts of less than or equal to 0.000005 mg/kg of sample.

A

ll”
-
p
"
e
e

4. Method according to any one of Claims 1 to 3, for analyzing one or more pesticidal
compounds present in amounts of less than or equal to 0.0000005 mg/kg of sample.

20 5 Method according to any ane of Claims 1 to 4, for which the sample is chosen from
plant tissues ;| water ; soils ; animal products or tissues ; air ; agrofood products, and
human body fluids such as biood and urine.

6. Method according to any one of Claims 1 to 5, for which the sample is chosen from

25 a plant matrix with a high water content, a plant matrix with an acidic pH, a dry plant
matrix, a fatty plant matrix ; mineral water, underground water, mains water or surface
water | milk, eggs, liver, kidneys, fats, muscle ; converted agrofood products : human
body fluids such as blood and urine.

30 7. Method according to any one of Claims 1 to 8, for which the preparation is chosen
from an extraction for plant tissues ; soils ; animal products or tissues and converted
agrofood products ; optional concentration for water and trapping for air.

8. Method for analyzing one or more pesticidal compounds present in amounts of less
35 than or equal to 0.005 mg/kg of a water sample, comprising the following steps:
- preparation of the water sample ;
- optional dilution of the sample prepared :
- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).
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9. Method of analysis according to Claim 8, for the analysis of amounts of less than or
equal to 0.00005 mg/kg.

10. Method of analysis according to either of Claims 8 and 9, for the analysis of
amounts of less than or equal to 0.0000005 markg.

11. Method according to any one of Claims 8 to 10, for which the sample is chosen
from mineral water, underground water, mains water or surface water.

12. Method according to any one of Claims 8 to 11, for which the preparation is an
optional concentration of the water.

13. Method for analyzing one or more pesticidal compounds present in amounts of less
than or equal to 1 mg/kg of a plant tissue sample, comprising the following steps:
- preparation of the plant tissue sampie ;
- optional dilution of the sample prepareq ;
- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).

14. Method of analysis according to Claim 13, for the analysis of amounts of less than
or equal to 0.01 mg/kg.

15. Method of analysis according to either of Claims 13 and 14, for the analysis of
amounts of less than or equal to 0.001 mg/kg.

16. Method according to any one of Claims 13 to 15, for which the sample is chosen
from a plant matrix with a high water content, a plant matrix with an acidic pH, a dry
plant matrix and a fatty plant matrix.

17. Method according to any one of Claims 13 to 16, for which the preparation is an
extraction of the plant tissue.

18. Method for analyzing one or more pesticidal compounds present in amounts of less
than or equal to 5 mg/kg of a soil sample, comprising the following steps:
- preparation of the soil sample ;
- optional dilution of the sample prepared ;
- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).

PCT/EP2006/001433
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19. Method of analysis according to Claim 18, for the analysis of amounts of less than
or equal to 0.05 mg/kg.

20. Method of analysis according to either of Claims 18 and 19, for the analysis of
amounts of less than or equal to 0.005 mg/kg.

21, Method according o any one of Claims 18 to 20, for which the sample is chosen
from a clayey. sandy or chalky soil.

22. Method according to any one of Claims 18 to 21, for which the preparation is an
extraction of the soil sample.

23. Method for analyzing one or more pesticidal compounds present in amounts of less
than or equal to 0.1 mg/m3 of an air sample, comnprising the following steps:
- preparation of the sampie ;
- optional dilution of the sample prepared ;
- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).

24. Methoed according to either of Claims 23 and 24, for analyzing one or more
pesticidal compounds present in amounts of less than or equal to 0.01 mg/m® of
sample.

25. Method according to either of Claims 23 and 24, for analyzing one or more

pesticidal compounds present in amounts of less than or equal to 0.001 mg/m3 of
sample.

26. Method according to any one of Claims 23 to 25, for which the preparation is a
trapping.

27. Method for analyzing one or more pesticidal compounds present in amounts of less

than or equal to 000005 mg/kg of a sample of 2 human body fluid, comprising the
following steps.

- preparation of the sample ;

- optional dilution of the sample prepared :

- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).

PCT/EP2006/001433
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28. Method according to either of Claims 27 and 28, for analyzing one or maore
pesticidal compounds present in amounts of less than or equal to 0,000005 mg/kg of
sample.

o e T

n

29. Method according to either of Claims 27 and 28, for analyzing one or more

pesticidal compounds present in amounts of less than or equal to 0.0000005 mg/kg of
sample.

30. Method according to any one of Claims 27 to 29, for which the sample is chosen
from human blood and human urine.

[

31. Method for analyzing one or more pesticidal compounds present in amounts of less

than or equal to 1 mg/kg of a sample of animal products or tissues, comprising the
following steps:

15 - preparation of the sample of animal products or tissues :

P

- optional dilution of the sample prepared ;

LA S AR R b

- direct analysis of the optionally diluted sample by high performance
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS).

32. Method of analysis according to Claim 31, for the analysis of amounts of less than
or equal to 0.01 mg/kg,

sErgsiisisTaasasanE
[0+
(o]

33. Method of analysis according to either of Claims 31 and 32, for the analysis of
amounts of less than or equal to 0.001 mg/kg.

; 25
34. Method according to any one of Claims 31 to 33, for which the sampie is chosen
from milk, eggs, liver, kidneys, fats and muscle.
' 35. Method according to any one of Claims 31 to 34, for which the preparation is an
- kio extraction of the animal products or tissues.
38. Method according to any one of Claims 13 to 17, for which the plant tissues are
replaced with converted agrofood products.
35 37. Method accerding to any one of Claims 1 to 36, comprising a step consisting of

dilution of the sample prepared.

38. Method according to any one of Claims 1 to 37, for the simultaneous analysis of
several pesticidal compounds.
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39. Method according to any one of Claims 1 to 38, for the analysis of one or more
fungicidal, herbicidal, insecticidal or growth-requlating compounds.

40. Method according to any one of Claims 1 to 39, for the analysis of fungicidal
compounds chosen from phosphorous acid or a derivative thereof | phosphonic acid or
a derivative thereof.

41. Method according to Claim 40, for the analysis of fosetyl or of one or more salts
thereof.

42. Method according to Claim 41, for the analysis of fosetyl-Al,

43. Method according to any one of Claims 1 to 42, for the simultaneous analysis of
phosphorous acid and of fosetyl-Al.

44, Method according to any one of Claims 1 to 43, for which the dilution is carried out
in an agueous solvent, which may be acidified, or in an organic solvent, which may be
acidified, or in a mixture of such sclvents.

45. Method according to Claim 44, for which the aqueous solvent comprises an acid
chosen from formic acid, acefic acid or trifluoroacetic acid, or the organic solvent is
chosen from acetonitrile or methanal.

PCT/EP2006/001433
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METODO PARA ANALIZAR EL ACIDO FOSFOROSO, EL FOSETIL-AL,
O AMBOS SIMULTANEAMENTE.

DESCRIPCION

La presente invenciéon se refiere al ambito del analisis de compuestos plaguicidas.
Tales métodos son utiles para monitorizar el comportamiento de tales compuestos plaguicidas
una vez que se han aplicado, y tales métodos son también Utiles durante los procedimientos de
autoridad de la mercadotecnia para tales compuestos plaguicidas.

Los compuestos que se pueden analizar por medio del método de analisis de acuerdo
con la invencion son compuestos que son utiles para fa proteccion de las plantas y también
algunos de los compuestos que son metabolitos de esos compuestos biolégicamente activos.
Algunos de estos metabolitos también pueden mostrar actividades biologicas.

Se conocen métodos para analizar los compuestos plaguicidas. En particular, se
conoce un método analitico para determinar los residuos de fosetil-Al y su principal metabolito,
el acido fosforoso, en el agua potable 0 en las aguas superficiales.

Tal metodo utiliza (trimetilsili}diazometano (TMSD) como un agente para obtener
derivados.

Generalmente, tal método comprende las etapas siguientes:

- Concentracion de muestras de agua,;

- Derivacion con (trimetilsilil)diazometano de una alicuota de la muestra
concentrada (sustitucion de un atomo de hidrégeno con un grupo metilo),

- Purificacion de la muestra derivada mediante el reparto liquido-liquido
con diclorometano.

El analisis se lleva a cabo mediante cromatografia de gases en una columna
semicapilar por medio de un detector fotométrico de llama (FPD) en el modo fosforoso y la
cuantificacion utiliza como referencia estandares externos. Tambien es posible utilizar un
detector termoionico.

Este conocido método se lleva a cabo de acuerdo con el esquema 1 siguiente:

\"L)
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Con este método, los limites de deteccién (los LDD) son los siguientes:
- Para el fosetil-Al:
- 0,05 ug/l para el agua potable (agua corriente 0 mineral);
- 0,05 ug/l para las aguas superficiales (agua de rio),
- Para el acido fosforoso:
- 0,7 pg/l para el agua potable (agué corriente o mineral);
- 2,5 ug/l para las aguas superficiales (agua de rio).
Con este método, los limites de cuantificacion (los LDC) son los siguientes:
- Para el fosetil-Al:
- 0,1 pg/l para el agua potable (agua corriente o mineral);
- 1 ug/l para las aguas superficiales (agua de rio);
- Para el acido fosforoso:
- 2,0 g/l para el agua potable {(agua corriente o mineral),
- 4,0 g/l para las aguas superficiales (agua de rio).

Este conocido método de andlisis se ha utilizado para los sustratos siguientes: agua

mineral, agua corriente y agua del rio Rédano. Se ha validado el método de ang

lisis para

diversos tipos de agua por medio del andlisis de muestras de control sin tratar enriqugecidas en

fosetil-Al y en 4cido fosforoso hasta los limites de cuantificacion y hasta 10 veces estos limites.

El analisis de estas muestras enriquecidas ofrece unos valores de
recuperacion para el fosetil-Al o para el acido fosforoso que son comparables a lo

tedricos esperados.

asas de

s valores
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Como otro conocido método de analisis, se debe mencionar un método para analizar
los residuos de fosetil-Al o de acido fosforoso presentes en los suelos tomados en Chazay
d’'Azergues (Francia), en Goch (Alemania) y en Sevilla (Espafa).

Este método por si también utiliza (trimetil-silil}diazo-metano. También se lleva a cabo
de acuerdo con el esquema 1.

En el trascurso de este método, los residuos de fosetil-Al y de acido fosforoso se
extraen de muestras de suelos mediante agitacion en presencia de una disolucion de tampon
con amoniaco y, luego, los cationes que hay presentes se retiran de los extractos por medio de
una resina de intercambio ionico y se evapora el agua de las muestras. Finalmente, los
extractos obtenidos se derivan mediante la accion del (trimetilsilil)diazometano.

Posteriormente, se lleva a cabo la cuantificacion mediante cromatografia de gases en
una columna semicapitar con un detector fotométrico de llama (en el modo fosforoso) con un
estandar externo.

El limite de cuantificacién (LDC) de este método es de 0,100 mg/kg para cada uno de
los compuestos.

Las muestras de control se enriquecieron en fosetil-Al 0 en acido fosforosc hasta el
limite de cuantificacion y también por encima 100 veces este limite.

Otro método conocido para analizar residuos se refiere al analisis de los residuos de
fosetil-Al y de acido fosforoso en muestras vegetales, obtenidas de frutas y de vegetales.

Este método tambien utiliza el (trimetilsilil)diazometano. También se lleva a cabo de
acuerdo con el esquema 1.

En el transcurso de este método, los residuos de fosetil-Al y de &cido fosforoso se
extraen de las muestras vegetales moliéndolas en una mezcla de agua y acetonitrilo.
Posteriormente, los extractos se purifican con un cartucho C18 y, luego, se obtienen derivados
mediante la accidn del (trimetilsilil)diazometano.

Posteriormente, se ileva a cabo la cuantificacion mediante cromatografia de gases en
una columna semicapilar con un detector fotométrico de llama (en el modo fosforoso) con un
estandar externo.

El limite de cuantificacion de este conocido método es de 0,50 mg/kg para cada uno de
los productos, con la excepcion del ltpulo, para el cual este limite es de 2,0 mg/kg para el
fosetil-Al y de 20,0 mg/kg para el acido fosforoso.

Este método se ha utilizado en muestras de racimos de uvas, de naranjas, de platanos,
de fresas, de lechuga y de pepinos. Las muestras de control se enriquecieron, en concreto,
hasta el limite de cuantificacion.

Otro método conocido para analizar residuos se refiere al analisis de los residuos de
fosetil-Al o de acido fosforoso en tejidos de animales 0 en productos de origen animal, como la

leche, la carne vacuna, los rifiones vacunos, el higado vacuno o los huevos.
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De acuerdo con este estudio, los residuos de los compuestos a analizar se extraen de

las muestras mediante una doble molienda en una mezdla de agua/acetonitrilo (50
para la leche).

Posteriormente, se purifica una alicuota del extracto por medio de un cart
(excepto para la leche). Posteriormente, del extracto purificado se obtienen derivado
disolucion de TMSD.

Este método de analisis también sigue el esquemd 1.

La cuantificacion se lleva a cabo mediante cromatpgrafia de gases en una co
Wax con un detector fotométrico de llama en el modo fosfdroso.

Los limites de cuantificacion son los siguientes:

- 0,50 mg/kg para el fosetil-Al y el dcido fosforoso en la carne
rifién vacuno, el higado vacuno y los huevos;
- 0,10 mg/kg para el fosetil-Al y el acido fosforoso en la leche.

Para este método, se prepararon y se analizaron muestras de control sin tr
con muestras enriquecidas hasta el limite de cuantificacién y también hasta varias

encima de este limite.

50, 20/80

ucho C18

5 Con una

umna DB

acuna, el

ptar, junto

veces por

Los métodos conocidos de analisis que se acaban de mencionar cumplen las

disposiciones de la directriz europea n.° 46 de 1996 (96/46/EC de 16 de julio de
particular con respecto a las caracteristicas siguientes:
- Para cada uno de los sustratos y cada nivel:
- La media de las tasas de recuperacion debe estar entre el
110%; |
- La repetibilidad, expresada como un coeficiente de

1996), en

70% vy el

variaciéon

(proporcion de la desviacién estandar a ila media de la muestrg referida,

expresada como un porcentaje) debe ser, a lo sumo, el 20 %.

- Para cada uno de los sustratols, el coeficiente de varigcion total

(incluidos todos los niveles) debe ser, a lo sumo, el 20 %.

Otro método para analizar el fosetil-Al se describe en un articulo titulado Rapid

determination of fosetyl-Al residues in lettuce by liquid chromatography/electrosprgy tandem

mass spectrometry (Hernandez et al., Journal of AOAC International, Vol. 86, n.°. 4, 2

El método descrito se refiere a la cuantificacion: de los residuos de fosetil

N03).

Al en las

muestras vegetales que se obtienen de las lechugas. El método requiere una etapa que

consiste en la extraccion con agua por medio de un mezclador de gran velocidad, seguida de la

inyeccién de un extracto diluido 5 veces en una cromatografia de fase liquida.

Por lo tanto, el fosetil-Al se cuantifica mediante una cromatografia liquida acoplada a

una espectrometria de masas en tdndem por electropulverizacion después de afadir

tetrabutilamonio como un agente de emparejamiento ionico.

acetato de






