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The undersigned. 

domiciled in 

POWER OF ATTORNEY 

BAYER GKOPSCIENCE SA 

16, rue Jean-Marie Leclair 
69009 LYON, France 

declares that it hereby grants to 

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

with domicile atAv. 82 No. 10Š 62, &h floor, of Bogota D. 
C., Colombia, a full and sufficient power of attorney to 
obtain the protection of my (our) industrial pmperty and 
against the unfair competition, for which purpose I (we) 
authorize the said attorneys to represent me (us) before 
any authorities or persons, with or without jurisdiction, 
eper.ially those administrative, administrative contentious 
and judicial, as well as before Arbitration Court, in all 
matters concerning 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 registration of 
licenses of use of the above rights; 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, conciliate, 
admit the facts of the case, desist, cancel, receive, resign, 
and ratify acts done by representatives without a power of 
attorney. 

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

Done and subscribed in 
Lyon 

On the day of 
February jl 2005 

Alexander NOWAK 

Ralsbeck, Lara, Rodriguez & Rueda 
Av, 82 No. 10-62 Pisa 6 
Bogota, Colombia 

NIT: 860.068.840-3 
Tel: +57 1 634 1500 
Fax: +571 376 2211 
www.bakernet.com 

PODER 

La abajo firmada, 

BAYER CROFSCIENCE SA 

domiciliada en 
16, rue JeanŠMarie Leclair 
6009 LYON, France 

declara par el presente quo otorga a 

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

con domicilio en la Av. 82 No. 10 - 62 Pisa 6 en Bogota D. C., 
Colombia, poder especial ampllo y suficiente, para obtener la 
prntecr.i&i de ml (nisestra) propiedad industrial y contra Is 
competencia desleal, a cuyo efecto autorizo (amos) a los dichos 
apoderados para que me (nos) representen ante cualesquiera 
autoridades o personas, ejerzan o no jurisdicciOn, especialmente 
ante las del orden adminlstrativo, contencioso-administrativo y 
judicial, asi coma los tnbunales de arbitramento, en todo Ia 
concemiente a los siguientes asuntos: a) ObtenciOn de patentes 
de invenciôn, modelos do utilidad, diseæos industriales, 
esquemas de trazado de circuitos integrados y variedades 
vegetales; el registro de marcas, denominaciones de origen, 
nombres comerciales, enseæas, lemas comerciales y nombres 
de dominio; su renovaciOn, traspaso, canibio de nombre o 
domicilia, cancelaciôn  voluntaria; y el registro do licencias de 
uso de esos derechos; b) Los procesos para la protecciOn del 
eonsumidor, competencia desleal, oposiciones, cancelaciones, 
nulidades, medidas cautelares, infracciones, concesiôn de 
licencias, la tutela, la protecciön de secretos industriales, y en 
general procesos civiles, penales, administrativos relacionados 
con estos derechos. V para que en todos los asuntos arriba 
determinados, puedan sustituir este mandato, transigir, conciliar, 
admitir los hechos del caso, desistir, canceler, recibir, renunciar, 
y ratificar los actos de agentes oficiosos. 

Igualmente, ratifico todo lo actuado hasta el momenta en los 
mismos asuntos, par cua(quIera de los mencionados 
apoderados en representaciOn de Østa sociedad. 

Dada yfirniado en Lyon -VAL-1) 

16. 

39.ussigne 
Notare 

a Chasselay (Rh 
Certifie sincere la sigrla 
M& RLWc•C PiO\,// 
qul a ØtØ apposóe 
Chassetay, le AS la i9 

--
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2 
NOTARIAL CERTIFICATION 

On this 

2005 the undersigned Notary 

day of 

CERTIFIES 

t That Alexander NOWAK 

of legal age and domiciled in Net.t41gric.c, 4a Ao 
g) sI4 

set his hand on the foregoing document. 

2 That the grantor is to me personally known and that he/she has 
Iegai capacity to execute the instrument. 

3. That the grantor has executed the foregoing document as 

or1c.( 

of the judicial person2a9 1 
c 

4. That the judicial personzftse u1i Jcm.’c’ 
44, Cd%..,. h*JIc Z ece; 

having its home office in j’ 4 4hs 54 

Is duly organized, has present legal existence and tnat the 
purposes for which the power of attorney is granted are within 
the scope of its corporate purposes, 

That the grantor has In fact the referred to authority and 
that his/her representation is legal. 

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

ŠPage "annonces judiciares et lŒgales" from the 

newspaer Le Tout LyonŠMoniteur Judiclaire 
Reunis’ dated 21 to 27 June 2003 
ŠPower of Attorney from BAyer Cropscience SA 
(from the Chairman of the Management Board) 
dated 15 October 2004 

Notary Pubiric 

CERTIFICACION NOTARIAL 

A los 10 dias del mes de Marzo 

de 200 et suscrito Notario 

DA F 
Alexander NOWAIC 

1 Que 

mayor y domiciliado en Neunhouse WeJ 10, 
51467 Bergisch Cladsach, Alemania 

suscribiO de su puno y letra el documento que antecede. 

2. Que conozco al otorgante y qua Øste tiene capacidad legal 
para ci otorgamiento. 

3 Que el otorgante ha suscrito el referido documento en su 
%0498ntante Autorizado 

de Ia persona jurldica Bayer CropSci enre S. A. 

4 Que la persona juridica BAyer CropScience 
S.A.

 

con sede en 16, rue JeanŠMarie Leclair 

69009 Lyon, Francta 

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

Que el otorgante tiene efectivamente la representaciOn 
que ostenta y que Østa es legitima 

6. Que he basado las certificaciones 3, 4 y 5 antenores en 
los siguientes ciocumentos autØnticos que al etecto se 
me exhibieron y qua menciono especificamente con 
expresiön de sus fechas y de su origen o procedencia: 
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2) IN’IOUNATIONAI, .-1PPliCNUJON PUBLISHED UNDER THE’ PA’i’EN’F COOPER,%’I’I()N ’I’I*AI’Y (PCi) 

19) World Intellectual I’rope rty Organization
 Ii i i 11111 IftItIII miiiiiii i(III ft 111111 international Bureau 0 

(43) International Publication Date PCT 
(10) International Publication Number 

3 August 2006 (03,08.2006) WO 2006/079566 Al 
(51) liiteriiutioiial Patent Clas.silicution: 

(,f) I ’V 30/00 2000.0 00! N 30/72 (2006.01 

2 l International Application  N urn ber: 
PC’i’/02006/00 

22’ laternational Filing l)ai Li’: 73 .(inuaD 2006 (73.01.2006) 

25 I’ihng l.uriguac; 

26) Publication I ,ariguagc: 

0i l’riuritv Data: 
03356015.7 25 January 2005 (25,0 1.2005 1 OP 
0535603 lehruLLry 2005 I .02.2005) OP 
0535071 o. 1 Ii) I)accmbcr 2005 (16. 2.2005) OP 

(7 ) Applicant Cr ’4/1 :d,i’naiea Slates e_rt’ept 1.;.S’u BAYER 
(1-LOI5SCIENCE, S..\ ,F1  ;IT ]; 16. rueJLcin-Mare Leclair, 
I  0009 LYON CI)])IiX 0 1R 

72 Inventors; and 
(?51 lneriturApplic:in (!)r I ’ v’:/vi: I0S,’tTI, Do-

111i1(liiL 
lttP ’. i.’(r:iii: dc Dar-.-s, --01700 

,l:’ikLN FRi. \’)’,Nl’) I’, CiitIierizie l’R/l--’RL I.e CHurn-
Saist (iei-i-nH:j sur I.’Ar’orisie FR). 

74) Agent: BALM.EIiROZOL, Ojidovic: Bayer Ci pric:ence 
SA, -1,20, rue Pierru l3aizei, Botte Po’i )) 53, i’-00703 
I .’,’:r Ccdt_’x 00 (FR;. 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AR, AG, AL, AM, 
Al’, AU, AZ. BA, BB, BO, BR, BW, BY, 81, CA, CH, CN, 
CO, CR, CU, CZ, 1)0, 1)K, DM, DZ, EC, 013, 00, OS, 01, 
(if), GD, (Hi, Gil, GM, OR, 1115, ID, It., IN, IS, JP, KR. 
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
LY, MA, MD, MG, MK, MN, MW, MX, Ml, NA, NO, NI, 
NO, NZ, OM, P0, PFI, PL, IYT, RO, RU, SC, SD, SE, SO, 
SK, St., SM, SY, 1’J, TM, TN, TR, TI) TZ, LA, (50, US, 
U1., VC, VN, 

yu, ZA, ZM, zw.

84) Di-signated States (unless oihersvise inlictued, for ei’erv 
kind of reiona1 protection available): ARJPO (8W, OH, 
GM, Ki). OS, MW, Ml, NA, SI), SL, SZ, Ti., UCj, ZM, 
1W). 1)urusian (AM, AZ, BY, KG, KZ, MD, Bit, TI, TM). 
lsuropear: (AT, 815, BLi, CII, CY, Cl, DO, DK, RE, OS, 01. 
FR, GB. OR, FlU, IF, IS, IT, IT, i,U, LV, MC, ’fl, PL, PT, 
RI), SE. SI, SR. CR), OAPI (BE, BJ, CF, CG, CI, CM, GA. 

(is, GQ, (3W. Mi.,, MR, NO, SN, Ti), TO). 

Declurutions under Rule 4.17: 
as to applicant’s entitleptent 10 appLy for and he ti-tinted a 
patent /Rule 4.! 7(11)) 

I’ in ’eniorship (Rule ’1. 17(1’)) 

Published: 
nternutior,al sparc/i report 

jar O’ole,i’r rode and oilier ohhreviattons. refer to the "Guiti-
p il,ote5 on Codes ortdAbhreviauons "appearing .0 the /sergoi-

nin ,’(each regular issue o,Jthe PC’!’ (Jatreue, 

(54) Title: 51153110001: ANALY’/.INC PIIOSPIIOROUS ACID. FOS[ITYL-AL OR 80111 SIMULFANEOUSLY 

- (57) Abstract: N!e:lud far .mak .0:i’_’ "’ia or inure pesiiHdal compounds present in amounts of less than 
or equal to 5 mg/kg of a 

.IiTlOIC. ei’:npr:crg :liŁ: C’ILa ing stc’c .0 preparalicri c the sample ; 0) optional dilution of the sample prepared c) direct analysis 
’::ui::iL, ..i:!..ICLI snT)e 0’. lath prHrrrainca :qu:d thrumatugraphy (111’LC) /tkIndem mass spectroineiry (MS/MS) 
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III 

W 0 20)6079560 PCT1EP2006)00 1-433 

METHOD OF ANALYZING PHOSPHOROUS ACID, FOSETYL-AL 
OR BOTH SIMULTANEOUSLY 

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 also 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 
nvert:on are compounds that are useuI for the pFotection of plants and also some of the 
compounds that are metabolites of these biologically active compounds. Some of these 
metabolites coin also exhibit biological activities. 

Methods for 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 
or in surface water is known. 

.Sh - …:Oa method uses rirnethylsilyl)diaomettne TMSD) as a derivatizirig agent. 

i.3nrai’, such a method comprises the following steps: 
- concentration of the water samples; 
- derivatization with (trimethy!silyl)diazomethane of an aliquot of the concentrated 

25 sample (substitution of a hydrogen atom with a methyl group) 
- purification of the derivatized sample by liquid -liquid partition with dichloromethane. 

The analysis is carried out by gas chromatography on a semi -capillary column by means of a 
flame photometric detector tor FPD) in the phosphorous mode and the quantification takes 

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

This known method is carried out according to Scheme 1 below: 
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11 H 11 

CH3ŠCHŠO--p--0 Al -Ł 3 CH,,ŠCH,--0ŠPŠOH + Al 

H H 
13 

fosetyl-Al 
0 

a 

TMSD II 
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H dehtisation 
H 

methylethy Iphosphonate 

p 0 
HOŠP ŠOH TMSD 11 

CH3-0--p----0ŠCH3 --

H detisation 

phosphorous acid dimethyiphosphonate 

iiTh this method, the limits of detection (LODs) are as follows: 
- for foset’jl-A: 

- 0 05 q/l for drinking water (minera or mains water) 

5 - 0.35 g1l for surface water (river water) 
- for phosphorous acid: 

- 0.7 Lgil for drinking water (mineral or mains water); 

- 2.5 gIl for surface water (river water). 

vVith this metrod, the iimits of quantification (LOQs) are as follows: 
- for fosetyl-Al: 

- 0.1 pgA for drinking water (mineral or mains water) 

- 1 g/l for surface water (river water) 
- for phosphorous acid: 

is - 2.0 (gIl for drinking water (mineral or mains water); 
- 4 0 (g/l for surface water (river water). 

This known method of analysis has been used for the following substrates: mineral water, mains 
water and water from the Rhône river. The method of analysis has been validated for various 

s types of water, b.’ analysis of non treated control samples enriched in fosety-Al and in 
phosphorous acid to the limits of quantification and to 10 times these limits. 
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vVith this metrod, the iimits of quantification (LOQs) are as follows: 
- for fosetyl-Al: 

- 0.1 pgA for drinking water (mineral or mains water) 

- 1 g/l for surface water (river water) 
- for phosphorous acid: 

is - 2.0 (gIl for drinking water (mineral or mains water); 
- 4 0 (g/l for surface water (river water). 

This known method of analysis has been used for the following substrates: mineral water, mains 
water and water from the Rhône river. The method of analysis has been validated for various 

s types of water, b.’ analysis of non treated control samples enriched in fosety-Al and in 
phosphorous acid to the limits of quantification and to 10 times these limits. 
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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 fosetyl-

Al or phosphorous acid residues present in soils taken in Chazay dAzergues (France), in Goch 

(Germany) and in Seville (Spain). 

This method itself alsc uses (rim ethylsilyl)diazomethane. It is also carried out according to 

Scheme 1. 

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

the 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 evaporated from the samples. Finally, the extracts obtained are derivatized by the 

E 13 action of (trimethylsilyl)diazomethare. 

S3jbsequently, the quantification is carried out by gas chromatography on a semi-capillary 

column using a flame photometric detector (in the phosphorous mode) with an external 

3tandard. 

Fhe limit .f quar:fc;cr (LOC) of this method is 0.100 mg/kg for each of the compnunds. 

The control samples were enriched in fosetyl-Al or in phosphorous acid up to the limit of 

quantification and also up to 100 times this limit. 

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. It is also carried out according to 
fie 

o Scheme 1. 

in the course of this method, the fosetyl-AI and phosphorous acid residues are extracted from 
the plant samples by milling in a mixture of water and acetonitrile. The extracts are 

subsequently purified using a CiS cartridge and are then derivatized by the action of 
(rimethyIsilyl)diezomethane. 

Subsequently, the quantification is carried out by gas chromatography on a semi-capillary 
column using a flame photometric detector (in the phosphorous mode) with an external 
standa d. 
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The limit of quantification of this known method is 050 mg/kg for each of the products, with the 
exception of hop, for which this limit is 2.0 mg/kn for fosetyAl and 200 mg/kg for phosphorous 
acid. 

This method has been used on samples of bunches of grapes, of oranges, 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 fosetylAl or 
phosphorous acid residues in animal tissues or products of animal origin, such as milk, bovine 
meat, bovine kidneys, bovine liver or eggs. 

According to this study, the residues of compounds to be analyzed are extracted from the 
samples by double milling in a water/acetonitrile mixture (50/50, 20/80 for milk). 

An aliquot of the extract is subsequently purified by means of a C18 cartridge (except for milk). 
The purified extract is subsequently derivatized with a solution of TM.SD. 

This methcd of anaysis also fcows Scheme 1 

he quantificaton is carried out by gas chromatography on a D8 Wax column using a flame 
photometric detector in the phosphorous mode. 

2 D The limits of quantification are as follows: 

- 0.50 mg/kg for fosetyl-Al and phosphorous acid in bovine meat, bovine kidney, 
bovine liver and eggs 

- 0.10 mg/kg for fosetyl-Al and phosphorous acid in milk, 

’:i For this method, non treated control samples were prepared and analyzed, along with samples 
enriched to 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 European directive No. 46 from 1996 (96/46/EC of 16 July 1996), in particular with 

t respect 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 deviation 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 

be at most 20%. 

Another known methcd for analyzing fosetyl-Al is described in an article entitled Rapid 

determination of fosetyl-Al residues in lettuce by liquid chromatography/electrospray tandem 

mass spectrometr (Hemandez et al., Journal of AOAC International, Vol. 85, No. 4, 2003). 

The method described 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 a high-speed mixer, followed by the injection of a 5-fold diluted extract into a liquid-

phase chromatograph 

The fosetyl-Al is thererore quantified by liquid chromatography coupled to electrospray tandem 

mass spectrometry after addition of tetrabutylammonium acetate as anionic pairing agent. 

The analysis of samples of lettuce enriched at 2 and 0.2 mg/kg is reported. The limit of 

quantification is 0.2 ng/kg. wheccus the limit of detection of fotyl-Ai is 0.05 mg/kg. 

However many of thesa known methods of analysis require a chemical derivatization step. 

buch an additional step complicates the analysis and very substantially prolongs the duration 

thereof. Furthermore, the implementation of this step requires specific expertise and increases 

25 the financial cost of these methods. 

lo addition, during such a derivatization step, the derivatizing agents used, which may be 
TMSD, d;azomethane or other alternative derivatizing agents, are reactants which, in addition to 
tnCir high cost, present considerable risks when they are used. Among the risks encountered 

o when using such derivatizing agents, mention may be made of their toxicity and also their 

explosiveness. The use of such agents also results in a high cost. 

Moreover, these known methods comprise many handling steps (evaporations, re-dissolutions, 

sample transfers) increasing, accordingly, the loss and dissemination 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. Other known methods have 
the disadvantage of only allowing the analysis of fosetyl-Al alone, without being able to carry out 
the simultaneous analysis of phosphorous acid, for example. 

Some of the known methods are described only for particular matrices for example, one 
already 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 
example directive 96/461E0 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. 

iIrThus, the present invention relates to a method for analyzing residues of pesticidal compounds. 

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

.c Ad’iage’i, tne niethcd of analysis according to the invention is used for analyzing 
residues of fungicidal compounds. 

25 

30 

Particularly advantageously, the method of analysis according to the invention is used for 
analyzing csetyl-Al residues and phosphorous acid residues. 

fosety!-Al is i fungcidaI compound of phosphonic acid type, the chemical name of which is ethyl 
hydrogen phosphoric acid aluminium salt, having the formula 

r0 

Et P Al 

I-I 
L 3 

Phosphorous acid has the formula H3P03. 

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 economically. 

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 less than or 

equal to 0.000005 mg/kg, more preferably less than or equal to 0.0000005 mg)kg of a sample, 
comprising the following steps: 

- preparation of the sample; 
- optional diution of the sample prepared 
- direct analysis of the optionally diluted sample by high performance liquid 

chromatography (HPLC)/tandem mass spectrometry (MS/MS). 

For the liquid samples analyzed according to the present invention, the limits of quantification 

can be expressed in mg)l. Those skilled in the art will be able to make the necessary 

N5 conversions, 

The method of analysis according 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 fungioioal, herbicidal, insecticidal or growth-
regu!ating compounds. 

Preferably, the method according to the invention is used for the analysis of fungicidal 
cs compounds chosen from phosphoious acid or a derivative thereof ; phosphonic acid or a 

lerivative thereof . preferably for the analysis of fosatyl or of one or more salts thereof ; more 
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 
30 simultaneous analysis of phosphorous acid and of fosetyl-Al. 

Preferabli, 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 a high water content, a plant 
matrix with an acidic pH, a dry plant matrix, a fatty plant matrix ; water, preferably mineral water, 

35 underground water, mains water or surface water; soils ; animal products or tissues, preferably 
milk, 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 accordng to the invention, the preparation step can be chosen from 

an extraction for plant tissues sails ; animal products or tissues and converted agrofood 

products optional concentration for water and trapping for air. 

Such a concentration step may also be used for other samples. 

For the method of analysis accord!ng to the invention, the dilution step can be carried out in an 

aqueous scivent, which may be acidified, preferably chosen from formic acid, acetic acid or 

trifluoroacetic acid I or in an crganic solvent, preferably acetonitrile or methanol, which may be 

acidified I or aitenetively in a mixtureof such solvents. 

According to a 1rst 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 0.005 mg/kg, preferably 

ess tnan or equal to 0.00005 mg/kg, more preferably less than or equal to 0.0000005 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 
onrornatography (H°LC)/tandem mass spectrometry (MS/MS). 

ethod for analyzing a water sample according to the invention may comprise a step 

cDn3ising cf dilutior of the samps prepared. 

The method for analyzing a water sample according to the invention is suitable for the 
zs simultaneous analysis of several pesticidal compounds which may be fungicidal, herbicidal, 

insecticidal or growth-regulating compounds. 

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

3C phosphonic acid or a derivative thereof ; preferabiy for the analysis of fosetyl or one of more 

35 

salts tnereof ; more preferably for the analysis of fosetyl-Al. 

Particularly advantageously, the method for analyzing a water sample according to the invention 
is used ior the simultaneous analysis of phosphorous acid and of fosetyl-Al. 

Preferably, the method for analyzing 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 accordi.g 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 
s 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 acetonitrUe 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 pesbcidai compounds present in amounts of less than or equal to 1 mg/kg, preferably 
iess 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; 
- direct analysis of the optionally diluted sample by high performance liquid 
chromatography (H PLC)/tanuem mass spectrometry (MSIMS). 

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

Tha method for analyzng a plant tissue sample according o the invention is suitable for the 
simultaneous analysis of several pesticidal compounds which may be fungicidal, herbicidal, 
insecticidal 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 
phosphoriic acid or a derivative thereof ; preferably for the analysis 

of fosetyl or one or more 
salts thereof: more preferably for the analysis of fosetyl-Al. 

30 Particularly advantageously, the method for analyzing a plant tissue sample according to the 
invention is used for the simultaneous analysis 

of phosphorous acid and of fosetyl-Al. 

Preferably, 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 content, a plant 

35 matrix with an acidic pH, a dr plant matrix and a fatty plant matrix. 

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. 

According to a thud 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 5 mg/kg, preferably less 

than or equal to 0.05 mg/k9, more particularly less than or equal to 0.005 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 

cn 

rornatography (HP LC)/tandem mass spectrometry (MS/MS) 

Th method for anaIyzng a soil sample according to the invention may comprise a step 
ccnsistmg of dilut:n of the sample prepared. 

The method for analyzing a soil sample according to the invention is suitable for the 
s’rultareous analysis of several pesticidal compounds which may be fungicidal, herbicidal, 

25 insecticidal or growth-regulating compounds. 

Preferably, the method for analyzing a soil sample 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 fosetyl or one or more 

o salts thereof more preferably for the analysis of fosetyl-Al. 

Particularly advantageously, the method for analyzing a iod sample according to the invention is 
used for the simultaneous analysis of phosphorous acid and of fosetyl-Al. 

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 Soil. 

The method for analyzing soil according to the invention can be used for cultivated soils or for 
bare soils in particular before a crop or after harvest. 
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For the method for analyzing a soil sample according to the invention, the preparation step may 
be an extraction of the soil sample. This preparation step may also comprise a concentration of 
the sample. 

For the metl’od for analyzing a scH 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 a)ternatively in a mixture of Such solvents. 

ccording to a fourth 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 0.1 mg/m3, preferably 
less tnan or equal to 0.01 mg/m3, more particularly less than or equal to 0.001 Mg/M3 of an air 
sample, comprising the following steps: 

- preparation of the air sample; 
- optional dilution of the sample prepared; 
- direct analysis of the optionally diiuterf, sample by high performance liquid 
chromatography (HPLC)/tandem mass spectrometry (MS/MS). 

-he rnehd cr analyzing an ar sample according tQ the invention may cornpdse a step 
consisting c iutior of the sample prepared. 

The method for analyzing an air sample according to the invention is suitable for the 
s:rnultanecus analysis of several pesticidal compcunds which may be fungicidal, herbicidal, 

c insecticidal or growth -regulating compounds. 

Preferably, the method for analyzing an air sample according to the invention is used for the 
analysis of fungicidal compounds cnosen from phosphorous acid or a derivative thereof 
phosphonic acid or a ierivative thereof; preferably for the analysis of fosetyl or of one or more 

su salts thereof, more preferably for the analysis of fosetyl-Al. 

Particularly advantageously, the method for analyzing an air sample according to the invention 
is used for the simultaneous analysis of phosplorous acid and of fosetyl-Al. 

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

For the method for analyzing 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 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 fifth particular aspect of the invention, it relates to a method for analyzing one or 

o more pesticidai compounds present in amounts of less than or equal to 0.00005 mg/kg, 

preferably less than or equal to 0.000005 mg/kg, more preferably less than or equal to 

0.0000005 mg/kg of a sample of a 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 diluted sample by high performance liquid 

chromatography (HPLC)/tandem mass spectrometry (MS/MS), 

he method for analyzing a sample of a human body fluid according to the invention may 

comprise a step consisting of dilution of the sample prepared. 

The method for analyzing a samcle of a human body fluid according to the invention is suitable 

for the simultaneous analysis of several pesticidal compounds which may be fungicidal, 

herhicidal, insecticidal or growth-regulating compounds. 

Preferably. the method for anaiyz;rg a sample of a human body fluid according to the invention 
s used for the analysis of fungicidal compounds chosen from phosphorous acid or a derivative 
tnereof phcsphonic acid or a derivative thereof; preferably for the analysis of fosetyl or of one 
r more salts thereof, more preferably for the analysis of fosetyl-Al. 

25 Particularly advantageously, the method for analyzing a sample of a human body fluid according 
to the nventon is used for the simultaneous analysis of phosphorous acid and of fosetyl-Al. 

30 

35 

Preferably 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 human blood and human urine, 

For the method for analyzing a sample of a human body fluid according to the invention, the 
dilution step can be carried out in an aqueous solvent, which may be acidified, preferably 
onosen from formic acid, acetic acid or trifluoroacetic acid ; or in an organic solvent, preferably 
aceton(riie or methanol, which may be acidified; or alternatively in a mixture of such solvents. 

£\000rdlng to 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). 

The method for analyzing a sample of animal products or tissues according to the invention may 
comprise a step consisting of dilution of the sample prepared. 

The method for analyzing a sample of animal products or tissues according to the invention is 
3.it30ie for the simultaneous analysis of several pesticidal compounds which may be fungicidal, 
herbicidal inse:ticidal or growth-regulating compounds. 

Preferably, the method 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 phosphonic acid cr a derivative thereof I preferably for the analysis of fosetyl 
:1 of one or more salts thereof more preferably for the analysis of fosetyl-Al. 

ParticuIai advantageously, the method for analyzing a sample of animal products or tissues 
accodirig tu the r.venton is used for the simultaneous analysis of phosphorous acid and of 
foset’jl-Ai. 

Peferabl, toe method for analyzing a sample of animal products or tissues according to the 
invention can be used for the analysis of a sample chosen from milk, eggs, liver, kidneys, fats 
and muscle. 

For the method for analyzing a sample of animal products or tissues according to the invention 
I he hlutn step can be carried out in an aqueous solvent, which may be acidified, preferably 
chosen 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 of the animal products or tissues. This preparation 
step may also comprise a concentration of the sample. 

According to a seventh particular aspect of the invention, it relates to a method for analyzing 
one or more pesticidal compounds present in a converted agrofood product sample. This 
method for analyzing a converted agrofood product sample according to the invention is similar 
to the method for analyzing a plant product sample according to the invention, in which the plant 
product sample is replaced with a converted agrofood product sample. 
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For the various aspects of the invention, in the analysis step, the external standards used are 
prenared in the presence of a matrix of the same nature as the sample to be analyzed -

The examples which follow are given by way of illustration of the various aspects of the 
,invention. These examples do not limit the scope of the invention. In particular, those skilled in 
the art will be able to adapt or modify some of the steps of the method of analysis according to 

i.r te invention according to the specific needs with which they will be confronted. Such 
modifications or adaptations are part of the scope of the present invention. 

Exarriple 

This example concerns the analysis of fosetyl-Al ana of phoshorous acid using plant tissue 
samples. The plant matrces are derived from crops of cucumber, of orange, of lettuce, of grape 

nd of avocado. 

ceJur for using the method of analysis according to the invention 
Veah 20,0 g of homogenized plant matrix sample into a 125 ml polypropylene 

la s k. 

2. Add 80 ml of tne water/acetonitrile mixture (50/50, volume/volur.e). 
3. Mill th sample for 5 minutes using an IKA T25-type mill, 
4. Centrifuge for 5 minutes at 3600 rpm at 5CC. 
5. Transfer the supernatant into a 200 ml volumetric flask, 
6. Take up the pellet with 80 ml of the water/acetonitrile mixture (50150, 
volu me/volu rne. 
7. Mill the sample again for 5 minutes. 

10 8. Centrifuge for 5 minutes at 3600 rpm at 5CC. 
9. Transfer the supernatant into the 200 ml volumetri- flask. 
10. Adjust to 200 ml using methanol. 
Ii, Centrifuge an aliquot of approximately 10 ml for 10 minutes at 6000 rpm at ambient 
temperature. 

15 12. Filter the supernatant through a PTFE fliter (of the type Acrodisc CR 25 mm, 
0.45 pm). 
13 Dilute the filtrate 5 times using methanol acidified with 0.5% formic acid. 
14. Analyze by high performance liquid chromatography (HPLC)Itaridem mass 
spectrometry (MS)MS), or LC/M5/MS analysis. 
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To lrnpierrenit the analysis, the calibration is carried out by external standardization. The 

standards used must be prepared in a matrix of the same nature as the samples that are the 

subject of the specific analysis. 

Analytical condiUons for step 14 

High performance ;iquid chr matography (t-{PLC) conditions: 

Cjlumr Hypercarb, 100 x 3.0 mm, 5 urn 
Precoumn: Phenomenex C18 ODS, 4 x 20 mm 

Mobile phase: water acidified with 05% 
formic acidlrnethanol (65/35, volume/volume) isacratic 
mode 

Flov, rate. 400 1xllrnin 

Clumr, temperature: ambient 

Injection voun’.e: 20 J 

pefore tre naIjsis, the chromatographic system is left to stabize or approximately 2 hours. 

Tandem mass snectrorietnj (MS/MS) conditions: 
Detector: triple quadrupole, type API4000 Sciex Instrument 
Interface: TIS (Turbo tori Spray) 

Scan type: MRM (Multiple Reaction Monitoring) mode 

s Polarity: negative 

Gas inlet pressure; nitrogen: 4 bar 

air: 7.5 bar 
air (exhaust): 4 bar 

Gas flow rate: nebulizing gas (air, G31):40 
10 turbo gas (air, GS2):60 

protective gas (nitrogen, CUR):20 
collision gas (nitrogen, CAD):6 

High vcltae TIS (1.5): -45.0 V 

Source temperature: 600C 

5 Entry potential (EP): -10 v’ 
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Product DweU Collision Deduster- Collision 
ion 03 time energy ing potential cell exit 
mass (msec) (CF (V nthntI2l 

(amu) (e XP) 

pjTiog.o - 80.9 200 45 
109.0 63.0 200 -38 -45 -5 

HPO380.9 63.0 -38 
- -5 -1 

80.9 78.9 600 -22 -55 -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/MS/MS analysis of the OlOrit matrix sample prepared beforehand and then diluted. 

The results obtained from the analysis of various plant matrices are given in detail in the tables 
below, in which the CV values indicate the ooeffic’ent of variation. According to the present 
invention, the CV values can also correspond to RSD values. 

These resuts were cotained from control samples which were enriched in fosetyl-Al and in 
phosphorous acid c limits of quantification (0. 1 mg/kg for phosphorous acid and 0.01 mg/kg for 
osetd-Al) and tc 10 times these limits. 

Quantification T Recovery range TMeans CV 
level  

mg/kg 

0,100 83 82 82 95 - 87 - 7.0 
1.0  102 00 197 99 100 22 

Total CV [%] 389 
:5

 

Cucumber  phosphorous acid 

Quantfication Recovery range Means  
level  

mg/kg 

0.010 95 96 98 98 95 96 1.6 

-iitiiii TolCVtThfl 
LucumOer - rosetyi-,AI 
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level 

mg/kg 

Recovery range 

[%1 

eans 

[%1 

- 

[%] 

0. 10065 78 67 76 18.3 

1 .000 97 99 101 95 99 98 2.3 

Total CV [%] 87 17.3 

Orange - phosphorous acid 
-------------------------

ation iRecovery range Means CV 

102 
r 

ioOl96[7 97 97 6.0 

96 95 94 86 92 4.5 

Total CV [%] 95 5.6 

jge-tosetyl-Pd 

Quantficat,cn Recovery range Means C\J 

level (%] f%J °JO) 

mg/kg 

oTh:7: 74 

T04 C-3 108 98 106 107 3.9 

Total 
CV 9 3 147 

Lettuce -_phosphorous acid 

Qu Šanti ficaucri Recovery range Means CV 

level  

mg/kg 

10495 109 J 113 114 108 6.2 

102 106jIJ

 
04 107107 105 21 

Total CV 1%] 106 4.5 

Lettuce - fosetyl-Al 
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Quantification Recovery range Means CV 

level 1%] 
mg/kg 

p5TLimr00J92 

100 105 1 101 

99 

102 

8,5 

21 

Total CV[%] 101 6.0 

Grape -. oiospflorous acc 

Q,?aWRI:c 1(?? Recovery range Means 

level (%J 
mg/kg 

i12 ioJ[ioiJTö 100 2.9 
6 00 

131,:10210Iflô2T100 1öT 
Total CV [%]  101 2.1 

- fr,tv-.tl 

Quantification Recovery range Means CV 

level
 

rrgik7-7
 

iO01O 97192 3ThI006i 

Total CV 87 [ 17.8 

5 &PCQ- phosphorous acid 

uantficaton Recovery range Means CV 
level  

mg/kg 

C 01 10 104 95flTh4 . 93 

Joo88 88 5589L 
Total CV 

Avocado fosetAl 

Example 

Thi:s example also concerns the analysis of fosetyl-Al and of phosphorus acid using plant tissue 
samples. The plant matrices are derived from wheat crops. 
This example repeats the conditions of Example 1 up to step 9, and then steps 10 to 14 of 
Example 1 are replaced with the following steps: 
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1. Add I m! of pure formic acid and adjust to 200 ml using methanol. 

Centrifuge an aliquot of approximately 10 ml for 10 minutes at 6000 rpm at ambient 

temperature. 

12, Dilute the supernatant twice using methanol acidified with 05% formic acid. 

11 Filter through a PTFE filter (type Acrodisc CR 25 mm, 0.45 l.un), 
14. Analyze by high performance liquid chromatography (HPLC)/tandem mass 

spectromtry (MS/MS), or LC/MS/MS analysis. 

j Fr the ras this example is identical to Example 1 

The results obtained from the analysis of a wheat sample are given in detail in the table below, 

in wh:h CV indicates the coefficient of variation. 

Theie resulh were obained from control samples which were enriched in fosetylAl and in 

phosphorous acid to the lim of quantification (0.1 mg/kg for phosphorous acid and 0.01 mg/kg 

fcr fosotl-Al) and to 10 times these limits, 

Cuant:ficat:onr 
evel 

mg/kgb 

jo.100 ’ 90 T94 

Quantification 
level 

mg/kg 

0.010 86 

0.0o 75 

J IIIIIL 

Recovery range Means I CV 

101 

Total CV (%] 89 12.2 
nhrrri -ir 

Recovery range Means CV 

93 88 5.4 HEEE-  7[ 5,5 t 
Total CV [%) 80 I 10.9 

t -  foset 

For these two examples, the results obtained are in accordance with the regulatory provisions 
(96/46/EC of 16 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 methods. 
These examples also demonstrate the simplicity and the greater safety of the method according 
to the invention. 

rnpJLe _. 

This detailed example concerns the analysis of fosetyl-Al and of phosphorous acid using plant 
tissue samples. This example is a meet fication MOOl to the Analytical Method 00861 for the 
determinat:cn of resirues of fosetyl-Al and its metabolite (phosphorous acid) in/on grape, 
orange, lettuce, cucumber. avocado and wheat by LCMSMS. 

Description: 

Data Requirement: 

EU Council Directive 911414/EEC amended by Commission Directive 96168/EC 
European Commission Guidance Document for Generating and Reporting Methods of Analysis 
n Support of P ... Registration Data Requirements for Annex ii (Part A, Section 4) and Annex Ill 
Part A, SecLion 5) of Directive 91/414, SANCC/3029199 

c Eurocear’ Commisson Guidance Document cr on Residue Analytical Methods, SANCO/825100 

Summary 

The presented residue analytical method modification 008611M001 was validated for the 
determination of residues of fosetyl-Al and its metabolite (phosphorous acid) in grape (whole 
fruit), orange (whole fruit), lettuce (head), cucumbcr (whole fruit)avocado (whole fruit), and 
wheat (grain) by LCIMS/MS, 

fosetvl-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 detected by tandem mass 
spectrometry with electrospray ionisation. The 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, 
the accuracy of the method and the storage stability of sample final extracts. 
The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using 

36 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 5 pg/L and 1 and 50 pg/L, except for wheat samples between 
0.31 and 8.3 pgIL 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, 

t .e. <0.003 mg/kg of fosetyl-Al ar.d 0.03 mg/kg of phosphorous acid, 
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 P50 of ?5 20% could be obtained. The LOQ was 
set at 0 01 mglkg for fosetvtAi and at 0.1 mg/kg for phosphorous 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 recovery rates. 
The single recovey rates were in the range of 60 to 114 % for fosetyl-Al and of 65 to 113 % for 
phosphorous acid. The mean recovery rates per fortification level were in the range of 93 to 97 
% for fosetyl-Ai with an overall recovery rate over all sample materials and fortification levels of 
95% and of 85 to 97 % for phosphorous acid with an overall recovery rate over all sample 
materials and fortifition levels of 91 %.The accuracy of the method fulfils the requirements for 
residue analitical methods which demand that the mean recoveries for each fortification level 
should be in the range of 70-110%, 
Tne precision and repeatability of the method can be assessed on the basis of the determined 

c relative standard ae’iiations (S0) for the mean values of the recovery rates. The relative 
standard deviations (F,SDj for the single fortification levels ranged from 7.6 to 12.3 % for fosetyI 
Al and from 9.5 to 14.9 % for phosphorous acid (n30). 
The relative standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3 
% for fosetyt-Al and from 9.5 to 14.9 % for phosphorous acid (n30). 

2: The overall RSD values per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0 
and 17.8 % for phosphorous acid (n10). The RSD value across all samples was 10.2 % for 
fosetyl-Ai and 13.7 % for phosphorous acid (n60). 
The overall RSD values per sample material were bet’een 2.1 and 10.9 % for fosetyl-Al and 6.0 
and 17.8 % for phosphorous acid (n10). The RSD ’alue across all Samples was 10.2 % for 
fosetyl-Al and 13.7 % for phosphorous acid (n60). All RSD values were well below 20%, so 
that the precision ard repeatability of the method can be considered acceptable. 

tl 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. 

1 Introduction 

Fosetyl-Al is a fungicide 
The method modification 00861/M001 presented in this report was validated in order to 
suppress tne steps of clean up and derivatization, to change the analysis and detection modes 
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and to decrease the Limit of Quantification (LOQ) of original method 00861 from 0.5 ms/kg to 

0.01 mg/kg for fosetylAl and to 0.1 mg/kg for phosphorous acid. 

Table 1: LOQ and principle of analytical determination 

Compound fosetyl-Al Phosphorous acid 

Determined as fosetyl-Al - Phosphorous acid 

ºTulatedas osetyl-A  Phosphorous acid 

Principle of Determination LC/MS/MS LC/MS/MS 

LOQ’ fmgltqj Grape (whole fruit) 0.01 0.1 

Orange (whole fruit) 0.01 0.1 

Lettuce (head) 0.01 0.1 

Cucumber (who)e fruit) 0.01 0.1 
Avocado (whole fruit 0.01 0.1 

Wheat (Grain) 0oi 

dinez  as the lcwast validated !orttf cttn Ive 

Citator of the Orinina Method 

Orgin Meihod, 00861 

Compounds . fosetyl-Al and its metabolite (phosphorcus a:id) 

Reason icr Modification Ł Suppress the steps of clean up and derivatization 
Ł Change analysis and detection modes from GC/FPD to 

LC/MS/MS 
Ł Decrease the LOQ from 0.5 mg/kg to 0.010 mg/kg for fosetyl-Al 

and to 0 1 mg/kg for phosphorous acid 

1.2 PhvsicalC1icalProies 

Name of the Substance fosetyl-Al 

Substance Code AE F053616 

Chemical Name 
A:umnumtristhylphosphonate) 

Empirical Formula Ci-11Al 09P3 

Structural Formula 
1 

Al 
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Relative Mccuar Mass 

Monoisotopc Mass 

Solubility 

Name of the Substance 

Substance Ccdn 

Cremica Name 

Errpical Formula 

Stuurai Formula 

-’ciecular Mass 

23 

354 1 imol 

354.0 g/mo! 

Water 120 g/L (20C) 

Acetonitrfle 5 mg/L (20CC) 

Phosphorous add 

AE 0540099 

Phosphonic acid 

2jx2enrnentalction 

2.1 M a 

ICT/EP2006I00 1433 

2.11 Apparatus 

Standard laboratory glass equipment, rinsed with acetone. 
Ł Balances 

..- accuracy – 0.1 mg (analytical standards) (e.g. Mettler AT261 range) 

> accuracy – 0.1 g (samples) (e.g. Mettler PM6000) 
Ł Dilutor (e.g. Hamilton MicroLab 500) 
Ł High-speed blender (e.g. Ultra Turrax T25 with dispersion tool S 50 G-40G) 

ic (e.g. 11(A) 
Ł Centrifuge (e.g. Hermle Z513K) 
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HPLC 

Ł Auto sampler 
ŁTnpie Quadrupole HPLC-MS/MS Mass Spectrometer 

Ł Column 

PCT/EP2006/00 1433 

(ex Hettich EBA12) 
(e.g. Binary Pump Agilent 1100) 

(e.g. Quaternary pump Agilent 1100) 
(e.g. CTC Analytics HTC PAL) 

(e.g Sciex Instruments, API 4000 System) 
(e.g. Hypercarb, 100 x 3.0 mm, 5 pm) 

2.1.2 Reagentsu)es 

Ł Acetone, 
Acetontrile, 

Ł Methanol 
Ł Formic acid 

Ł PTFE filters (25mm, 0.45 pm), 
Ł Polypro bottles (125 mL, wide opening) 

o Ł Conical centrifuge tube 15 mL 
Ł Extraction solvent: Acetonitrile / water (50/50. vIv) 

Ł Solvent for dilution Methanol with 0.5 % HCOOH 

Ł Mobile phase solvent: Water with 0.5 % HCOOH 

(e.g. SupraSolvf  Merck) 
(e.g. SupraSolv(D Merck) 
(e.g. SupraSolvf  Merck) 
(e.g. Normapur Prolabo) 

(e.g. Acrodisc CR Pall Gelman) 
(e.g. Nalgen) 

(e.g. Merck 01 142.518) 

2.1 3 Reference Iteon 

Only suficlntly c.barocterised and certified item was used as reference item. 

The reference item was rocue available by Bayer CropScience GmbH produkt Analytik, G864, 
Industriepark Hachst, D-65926 Frankfurt -am-Main, Germany. 

25 Table 2: Reference item data 

Name of Substance Batch Number Content [%1 Date of Expiry 

fosety I -Al 

phosphorous acid 

12/1080 97.6 

04911DN 96.2 

February 20, 2006 

March 12, 2005 

2,1.4 Standard _Solutions 

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

30 Into a 100 mL amber screw-cap flask, weigh accurately between 20 and 50 mg of reference 
tern. Using a burette, add a volume of water to obtain a stock solution of exactly 1000 mg/L. Mix 
thoroughly until complete dissolution using a magnetic stirrer. Two separate stock solutions 
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must be prepared for each ccmpound After compadson of these two stock solutions, they are 

mixed. 

Mixture solution 

First dili.jte 10 times fosetyl-Al stock solution with water. Then pipette 5 mL of it and 5 mL of 

phosphorous acid stock solution using a class "A4" pipette. Pour into a class "A’ 50 ML 

volumetric ’ask. Adjust volume with water, cap and mix by shaking I Mixture solution (10 mg/L 

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

EQiindard solutions 

Th r’ixtur solution s also used as fortifying standard solution for recoveries at 1OLOQ level, 

Dilute it 1(0 times mih water to obtain the fortifying standard solution used for recoveries at LOQ 

0 VOl. 

Standard solutiors in solvent 

B’j aporopriate diftticn of the fortifying solution used for recoveries at LOQ level (1 mg/L fosetyl-

Al - 10 mgiL phosphorous acid, prepare the intermediate standard solution at 0.05 mg/L of 

is fosetyl-A; and 0.5 mg/L of pnospriaraus acid using metiianoi with 0.51% formic acid. 

Standard solutions i solvent 

T oain the sandar-J solutions used for calibration, dilute extemporaneously using a dilutor 

and methanol with 0,5% formic acid, the intermediate standard solution to obtain the following 

n concentrations 0.1 pgL fosetykA - 1 pg/L phosphorous acid, 0.2 pg!L fosetyl-Al - 2 pg/L 

phosphorous acid. 0.5 pg/L fosetyl-Al - 5 pg/L phosphorouu acid, 1 pg/L fosetyl-Al - 10 pg/L 

oriosphorcus acid, 2 pg/L fosetyl-Al - 20 pq’L phosphorous acid and 5 pg/L fosetyl-Al 50 pg/L 

nosphorous acid. 

For wheat samples Oniv, dilute extemporaneously using a dilutor and methanol with 0.5% formic 

s acid, the intermediate stan.iard solution to obtain the following concentrations 0.31 pg/L 

fosetyl-Ai 3.1, ugiL phosphorous acid, 0.5 pg/L fosetyl-Al 5 pg/L phosphorous acid, 0.83 pg/L 

;osetyl-Ai - 8.3 pg/L phosphorous acid, 1 pg/L fosetyl-Al 10 pg/L phosphorous acid, 2.5 pg/L 

fosetyl-Al - 25 pg/L phosphorous acid, 5 pg/L fosetyl-Al - 50 pg/L phosphorous acid and 8.3 

pg/L fosetyl-Al - 83 pg/L phosphorous acid. 

30 
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Matrix matched standard solutions used for calibration 

PCT/t1’2006/00 1 Ł4J3 

rhe occurrence of matrix effects was monitored, and the measurement of both compounds is 
established using matrix matched standards in all the sample materials, 

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

5 solutions in solvent, except the dilution 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 difficult, several filters can be used, 

21,5 Stability of the standardL s9lutions 

The stock solut:or.s, stored protected from light in a refrigerator at around 5C, were found to be 

stable for 4 months and a half. 

The fortifying standard solutions, stored protected from light in a refrigerator at around 5C, 

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

2.2 Res due Analytical Methodology 

Some mcdificatons compared to th crigLal analytical method were introduced 

The method modification 00861/MOOl presented in this report was validated in order to 
suppross the steps of clean up and derivatization. to change the analysis and detection modes 
and to decrease the Limit of Quantification (LOQ) of original method 00861 from 0.5 mg/kg to 

2C 0.01 mg/kg for fosetyl-Al and to 0.1 mg/kg for phosphorous acid. 
Ł The Limit of Quantification Was decreased from 0.5 mg/kg to 0.01 mg/kg for fosetyl-Al and 

to 0 1 mg/kg for phosphorous acid. 
Ł The Cl 8 SPE cartridge clean-up step was suppressed. 
Ł The derivatization step was suppressed. 
Ł The quantification was carried out by LC/MS/MS instead of GCIFPD. 

All modifications were included in the description below. 

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

() For recovery experments, samples are fortified by adding the appropriate standard solution to 

the sample material after weighing and before extraction. 

Extraction 

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

2. Add 80 mL of acetonitrile / water (50/50, v/v) 
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3. Blend the sample using a highspeed blender (IKA or equivalent) for approx. 5 minutes 
4. Centrifuge the extract (3600 rpm - 5°C)  for approx. 5 minutes. 
5. Pour the supernatant into a 200 mL volumetric flask. 
6. Add 80 mL of acetonitrile / water (50150, v/v) on the bottom. 

s 7. Blend the sample using a high-speed blender (IKA or equivalent) for approx. 5 minutes. 
8. Centrifuge the extract (3600 rpm 5°C)  for approx. 5 minutes. 
9. Pour the supernatant into the volumetric flask. 
10. Makeup to 200 rnL with methanol. This is the Extract A. 

Note: volume 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. Fltr the supernatant through an Acrodisc CR 25 mm PTFE filter (0,45 pm), 
13. Dilute five times the extract using acidified methanol with formic acid 0.5 %. This is the 

Final Extract. 
is 14. Proceed to LC/MS/MS measurement, Chapter 2,3. 

Remark: for wheat samples, from stage 10, follow 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. 
Note: volume of extract A is used for residue calculation, addressed as variable V 

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

12 Wth dLor. dilute twice he supernatant using methanol with formic acid 
0.5 % 

13 Filter the extract through an Acredisc OR 25 mm PTFE filter (0.45 pm). This is the Final 
Extract. 

14. Proceed to LC1’MS/MS measurement, Cciapter 2.3. 

2 3 Anasis and Instrument Conditions 

The final extracts are injected into a high performance liquid chromalograph and detected by 
:Ł tandem mass spectrometry with electrospray ionisation. 

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

Exemplary LC/MS/MS conditions that were used in the course of this method validation are 
listed in chapters 2.3.1 and 2.3.2. These conditions are given as a guidance and may have to 
be adapted for other HPLCMS/MS systems. 

35 2.3.1 HPLC_Conditions 

Instrument: Binary pump Agilent 1100 

Quaternary pump Agilent 1100 (make-up solvent) 

Auto sampler: CTC Analytics HTC PAL 
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Column: Hypercarb, 100 x 3.0 mm, 5 pm 

Precoiumn: Phenomenex C13 DOS. 4 x 2.0mm 

Injection Volume: 20 pL 

Column temperature: ambient (about 25C) 

Mobile Phase. Isocraho mode: 35 / 65 (vlv) Methanol I water + 0.5% formic acid 

Flow (Column): 400 uL/rni 

Retention Times: from 4 to 5 min for phosphorous acid and from 7 to 10 min for 

fosetyl-Al. 

D!vert valve. Vaive situated between the analytical column and the MS/MS system. 

This valve was used to protect the ion source from contamination and to reduce the risk of ion 

s.ppressicn occurring, the eluerit from the first minutes of the run was diverted to waste and a 

make-up flow was used to obviate the need for the ion source to stabilize after diverting the LC 

eluent flow back to the mass spectrometer. 

Make up solvent: 50 / 50 (v/v) Methanol / water 

Ciert flow: 200 pL!min 

Remarics 
Ł It is necessary to wait about 2 hours the stabiIisaon of the HPLC system before injecting. 

23 During a samples set, a hght drift of retention time of both compounds can be observed. 
Ł Hypercaro precolumr must not be used. 

2.3.2 MS/MS Ccnditions 

The experiments were performed on a triple-quadrupole mass spectrcmeter system, fitted with 

25 an electrospray interface operated in the negative ion mode under MRM (multiple reaction 

monitoring) conditions. 

For nstaflce: 

Detector: Thple Quadrupole HPLC-M S/MS Mass Spectrometer, 

e.g. Sciex Instruments, API 4000 System 

Source. TIS (Turbo br, Spray) 

Temperature: 600CC 

Scar Type: MRM-Mode (Multiple Reaction Monitoring Mode) 
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Polarity: Negative ion mode 

Gas Flows: Nebulization Gas Air (GS 1):40 

Turbo Gas Air (GS2): 60 

Curtain Gas N2 CUR): 20 

Collision Gas N2 (CAD): 6Collision Energy: 

PCT/EP21106!00 1433 

Precursor Ion Production Dwell Time Collision Energy 
Compound 

01 Mass (amu) 03 Mass (amu) (msec) (V) 

fosetyl-Al 1020 80.9 1 200 -38 

Phosphorous ad - 80.9 -- 62.9 600 -16 

Table 3 Mass spectrometer scan parameters for the quantifier ions used. The detailed 
instrument sett;ngs used are given in chapters 2.3.1 and 2.3.2. Varying instrument systems or 
instrument parameter3 may result in different ion trinsitions and different relative intensities. 

No Some mass spectrometer conditions are instrument specific. The spectrometer 
cndioons should be optimised by a competent operator prior to analysis. 

is Details on MS/MS and LC condtions are given in Appendix 2. 

The fragmentation pathways for the quantifier ions for fosetyl-Al and phosphorous acid are 
shown in Figure 1 and in 
Figure 2. 

20 

Figure 1 Proposed fragmentation pathway for fosetyiAl. 

0 0 
H - loss of C21-14 H 

1-13C--C--0Šp---0 - HOŠP-0 - 
2 

H H 

m/z 109 

25 

mlz 81 
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Figure 2 Proposed fragmentation pathway or phosphorous acid, 

loss of H20 11 
HO-P-0 - 

H 

m!z 81 
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PO2 

m/Z 63 

2 3.3 Coflf!rmatooJ transitions 

I) ccnfrm or some nterferenca or pollution in samples, lie following transitions can be 

usec in the same condtions described above: 

Precursor Ion Product Ion Dwell Time J Collision Energy (V) 
Comonund I 01 Mass (3mu) 0.3 Mass (amu) (msec) i - 

fosetyl-A! 109 200 -38 
!_ -- -__ 

pnosnhoreuo acid 80.9 78.9 600 -22 

The fragmentation pathways for the conrmatory transitions for fosetyl-Al and phosphorous acid 

are shown in Figure 3 and in Figure 4. 

Figure 3: Pr000sed fragmentation pathway for fosetyl-Al 

loss of C2H4 
H3C-0ŠQ-p-0 - - P02 

H2 
H and H20 

mlz 109 m1z63 

Figure & Proposed fragmentation pathway for phosphorous acid 

0 
- loss ofH2 

HO-P-0 - P03 

H 

15 
m/z81 m/z79 
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Note : all recovery samples were also analysed using confirmatory transitions. The results are 
given in Appendix 3. 

2.4 ünearit  the Detector 

The linearity of the detector used was tested for fosetylAl and phosphorous acid using 
standards in solvent and matrix matched standards, 

The lineanty was tested by injecting standards of fosetyl-Al and phosphorous acid at respective 
concentrations between 0.1 and S pgIL and I and 50 ig/L, except for wheat samples between 
0.31 and 6.3 pg/L and 3.1 and 53 pgIL. 

Table 4 Standard concentrations prepared for the determinatiun of detector linearity. The 
concentration corresponding to the LOQ is given in the second column of the table. 

HPLC-MS/MS Standard Concentrations pg/L 

tosety-Al 0.1 0.2 0.5 1 2 5 

phosphorous H 1 2 5 10 20 50 
aud 

Table 5: Standard concentrations used for wheat samples and prepared for the determination 
of detector linearity. The concentration corresponding to the LOQ is given in the 
second column of the table. 

HPLC-MS/M5 Standard Concentrations [pg/LI 

setAo3i[os3 

phosphorous I 
3 1 5 6.3 10 25 50 53 

acid I 
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2.5 Storage Stability of Extracts 

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

each sample material. 

For this purpose, the final extract of recovery samples 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. 

2.6 Calculation 

Calculation of Residues 

Evaluation in this case is performed according to the external standardisation using matrix 

matched standards. 

During the analysis of each set of samples, the 6 (or 7 for wheat samples) standard solutions 

mentioned in Table 4 are in;ected once. Standards should be interspersed with samples to 

:ompensate for any rtinor change in instrument response. 

each compound, the peak area is plotted versus the concentration in order to establish a 
calibratior, curve obtained by linear regression weighting lIx with least squares method. 

T’e oorrsponding model to determine the concentration in final extracts is calculated using the 
Analyst Softv,are (Version 1.4). 

Each final extract is inJected once using the some conditions as previously described for the 
standard solutions. 

Using the predicting mathematical model previously established, the final concentration in pg/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 
foliowing formula 

I000xG 

where: R Determined amount of residue of fosetyl-Ai or phosphorous acid in mg/kg 

C Concentration of fosetyl-A! or phosphorous acid found in the analysed extract 
in pgiL 

V Volume of the extract A in mL, here 200 mL 

0 Dilution factor to obtain the Final Extract, here 5 (or 2 for wheat samples) 

G r Sample weight of analytical sample in g. here 20 g 
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2.6.2 Calculation of Recovery Rates 

The concentration of each compound in igL is determined for the recovery sample according 

to 2.6.1. 

The crcent recovery rate is then calculated as follows 

CxlOO 
Rec 

A 

where. Rec Recovered amount found in fortified sample in % 

C : Concentration of fosetylAl or phosphorous acid found in the analysed extract in Jg/L 

A : Fortiiied amount of fosetyl-Al or phosphorous acid in pg/L 

2.6 .3 Caicu!ation of Relative Standard Deviation (Rp) 

The RSD is calculated as fcitows 

(%)= S.D. ! Mean Recovery x 100 % 

- R1: recovery 

S.D 
= 

12 

Rm: mean recovery 
- 1 

n : number of recoveries 

3 Results _and Discussion 

3. Spiflcity and Selectivity 

The method allows the determination of fosetyl-Al and its metabolite (phosphorous acid) in/on 
grape or3flge, lettuce, cucumber, avocado 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 1 Origin 

Grape (whole fruit) Mr Lusson Angers - France 

Orange (whole fruit) Market specialised in organic food - France 

Lettuce (head) 

Cucumber (whole fruit) 

Market specialised in organic food - France 

Market specialised in organic food 
- France 

Avocado (whole fruit) 

Wheat (Grain) 

Control sample from Bayer CropScience - Monheim - Germany 

Control samole from Bayer CropScience Monheim - Germany 

A residue level estimation in control samples was performed. The results are listed in Table 7. 
The apparent residues for all control samples were below 30% of the LOG for each compound, 
i.e < 0 003 mg/kg of fosetyt-Al and <0.03 mg/kg of phosphorous acid. 

Table 7: Apparent residues in untreated control samples for fosetyl-Al and phosphorous acid 

Sarnpe LOQ I Apparent residues 
Convoi Sample 

Material mg/kg Il [mg/kg] 

phospho- phospho-
fosetyl-Alfosetyl-Al 

rcus acid rous acid 

Grape (whale Mr Lusson - Angers - 0.01 0.1 <0.003 <0.03 
fruit) IFRANCE _________ ____-  

Orange Market specialised in organic 
0.0 1  0.1 <0.003 <0.03 

(whole fruit) food - France 
-------.- - ____ 

Lettuce Market specialised in organic

 
0.01 0 <0.003 <0.03 

I (head) 
j 

food - France 

Cucumber Market specialised in organic 
0,01 0.1 <0.003 <0.03 

(whole fruit) lood-France 
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Avccado Control sample from Bayer 

(whole fruit) CropScence Monheim - 

Germany 

\P/heat (Grain) Control sample from Bayer 

CropScience Monheim - 

Germany 
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0.01 0.1 <0.003 <0.03 

– Š 

0.01 0.1 <0.003 < 0,03 

3.3 LinearQf the Detectors and Matrix Effects 

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

tarrdards in so’vent and matrix matched standards. 

The nearit’/ was tested by injecting standards of fosetyl-Al and phosphorous acid at respective 

concntratIons between 0 1 and 5 iJg/L and 1 and 50 pg/L, except for wheat samples between 

0.31 and 8.3 gJL and 3,1 and 83p(,-/L. 

Experimental dtils can be found in Chapter 2.4. 

in each chromatogram, the measured peak area c.f fosetyl-Al or phosphorous acid is plotted 

D ve’sus the corresponding concentration cf respectively fosetyl-Al or phosphorous acid contained 

n each standard solution, in ardor to obtain calibration curve of the form: 

ax + b (ix weighting) 

where . y = peak area, 
x concentration in injected standard solution 

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

Table B 1 Summary of the determination of detector linearity for LC/MS/MS. 

phosphorous 
Detection Parameter 

’ fosetyl-Al 
acid 

L0"MS/MS Linear range (pg/Li 0.1 5 1-50 

(or 0.31 Š8.3 for (or 3.1 83 for 

wheat) wheat) 

No. of concentrations 3 6 
- (or 7 for wheat) (or 7 for wheat) 
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No. of injections 1 1 

Model 1/x weighted 1/xweighted 

linear regression linear regression 

Correlation coefficient (R) 
>0.9990 >0.9900 

for standards prepared in solvent 

Correlation coefficient (R) 
> 0.9990 > 0.9985 

for matrix matched standards 

An excellent linear correlation between the injected amount of the analytes and the detector 

rezpcnses of LCfMS/MS was ooserved for standards in the range of 0.1 to 5 pg/L (Or 0.31 to 8.3 

ig/L for wheat) for fosetyl-Al and in the range of 1 to 50 pg/L (or 3.1 to 83 g/L for wheat) for 

pr-,ospnorou5 acid, using either standards prepared in solvent or matrix matched standards. 

The occurrence of matrix effects was monitored. The results aro shown in Table 9 and table 10, 

Table : Matrix effect evaluation for fosetyl-Al 
FL Fortification Level 

Measurement using 
Number 

FL Standards in pure Matrix matched 
Sample iVaterial 

[mg/kg] 
of Values 

solvent standards 
1n) 

Mean [0/ RSD [%] Mean [%] RSD [%] 

001 5 100 3.1 100 2.9 
Grape (whole fruit)  

0.10 5 102 0.9 101 0.9 

Orange (whole fruit) 001 5 90 6.3 97 6.0 

0 10 5 90 4.6 92 

- 

4.5 

Lettuce (head) 01 5 108 6.1 108 6.2 

0.10 5 105 1.7 105 2.1 

Cucumber (whole fruit) 0,01 5 97 2.1 96 1.6 

0.10 5 
- 98 2.3 101 2.7 
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Avccado (whole fruit) 0.01 
1’ 

5 99 4.9 96 5.0 

J587 1.9 87_I1_1.9 

Wheat (Grain) 0.01 5 87 5.5 88 5.4 

0.10 5 74 5.3 In 5.5 

Table 10: Matrix effect evaluation for phosphorous acid 
Fortification Level 

JI Measurement using 
Number 

FL Standards in pure Matrix matched 
Sample Material of Values 

mg/kgJ solvent standards 
(n) 

Mean [%} RSD [%] Mean [%1 IRSD [%] 

0.1 
Grape (whole fruit) 

5 156 5.7 99 8.5 

1 5 131 1.9 102 2.1 

Orange (whole fruit) 0 1 S189 105 76 18.3 

5 147_2.593 2.3 

Leluce (head) 0 1 5 193 6.4 81 9.7 

5 160 3.8 104 3,9 1 

Cucumber (whole fruit) 0.1 5 - 185 4.7 87 7.0_- 

5 135 2.6 100 2.2 

Avocado (whole fruit) 

- 

0. 5 139 3.7 73 5,1 

1 5 
- j132 

6.8 100 6.7 

Wheat (Grain) 0.1 
LI 

5 152 8.3 98 5.8 -7? - . ---- 71 
i -_1 5 J_163 2.6 179 2.5 

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. 
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3.4 Limit of Quantification and Recovery Experiments 

The 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 mgllcg for phosphorous acid in grape (whole fruit), 

orange (whole fruit), lettuce (head), cucumber (whole fruit), avocado (whole fruit), and wheat 

(grain). 

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

fosety:-Ai and phosphorous acid prior to analysis. 

3.6 Recovery Rates 

The detailed recovery resuhs cbtained are listed in Table 11 and Table 12, 

Table 11: Recovery rates obtained for fosetyl-Al, FL: fortification level, RSD: relative standard 
dnviOhnn 

FL Recov ry of fosetyl-Al 
Crop Sample Material 

Jmg/k.gj Single Values (%1__Š Mean t%] RSD ç% 

Grape Whole fruit 0.01 102 102 95 100 2.9 

101 100 

0 1 i1 102 102 101 0.9 

102 100 

I Overall Mean and RSD 101 2.1 

Orange Whole fruit 0.01 102 100 96 97 6.0 

87 97 

0.1 96 95 94 92 4.5 

0
 36 

Overall Meanand RSD 95 5.6 

Lettuce Head 0.01 104 98 109 108 6.2 

113 14 

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 96 98 96 1.6 

93 05 

0.1 
10o001 
99 100

 

Overall Mean and RSIJ 99 3.4 

Avocado Whole fruit 0.01 104 95 92 96 5.0 

94 93 

0.1 88 88 85 87 1.9 

89 86 

Overall Mean and RSD 91 6.1 

Wheat -3 r, 0.01 86 92 93 88 5.4 

85 82 

0. 1 75 79 69 73 5.5 

71 71  

Overall Mean and RSD 80 110.9 

Table 12: P.ecoveri rates Łjbtained for Phosphorous acid, FL: fortification level, RSD: relative 
standard deviation 

FL Recovery of Phosphorous acid 
Crop Sample Material 

[mgykgl Single Values t%] Mean [%] RSD [%J 

Grape Whole fruit 0.1 96 94 113 99 8.5 

100 92 

100 105 104 102 2.1 

101 101 

Overall Mean and RSD 101 6.0 

Orange Whole fruit 0.1 65 99 70 76 18.3 
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78 67 

97 99 101 98 2.3 

95 99 

Overall Mean and RSD 87 17.3 

Lettuce Head 10"1 82 94 76 81 9.7 

79 74 - 

1 103 108 98 104 3.9 

106 107 

IOverall Mean and RSD 93 14.7 

Cucumber Whale fruit 0.1 83 82 82 87 7.0 

91 95 

H 102 102 101 100 2.2 

57 99 

Overall Mean and RSD 93 8.9 

Avocad Whe fruit 0.1 74 77 68 73 5.1 

70 75 ..----... 

1 110 97 92 100 6.7 

103 100 

Overall Mean and RSD 87 17.8 

Wheat Grain 0.1 90 94 101 98 5.8 

102 103 

1 77 77 81 79 2.5 

79 81 

Overall  Mean and RSD 89 12.2 

The obtained recovery rates are summarised below in Table 13, 

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

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 

recovery rate over all sample materials and fortification levels of 95% and of 86 to 97 % for 
chospncrous acid with an overall recovery rate over all sample materials and fortification levels 

of 91 %. 

The relative standard deviations (RSD) for the single fortificatiou levels ranged from 7.6 to 12.3 

% for foseti-Al and from 9.5 to 14.9 % for phosphorous acid (n30). 

The overall 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=i0). The RSD value across all samples was 10.2 % for 
fosetykAi and 13.7 ,,’o for phosphorous acid (n60). 

Table 13 Summary of the recovery data for the determination of accuracy and repeatability; 
RSD: relative standard deviation 

-1--
Phospho-Parameter fosetyl-Al 
rous acid 

Accuracy recoveries t%I -114 1 65-113 

Mean recoveries per fortification level [%] 

Mean recovejes per samole material  

Overall mean 1%) 

Number of values n 

93-97 I 86-97 

80.106 1 87-101 

i 95 91 

I 50 60 

Repeatability - RSD per fortification level [%] , 7.6-12.3 149 

RSD per sample materiel (%) 2.1 10.9 6,0-17.8 
1 Overall RSD %] 10.2 13.7 

3.6 Sb!litofEracts 

The stability of final extracts containing tosetyl-Al and its metabolite phosphorous acid was 
deterrmned, For this purpose, the final extracts of recovery samples were let in the auto sampler 

.t rack thermo stated at about 10 °C after initial analysis and re-analysed after a storage period of 
sveral days. 

The results of the storage stabilities are detailed in Table 14, 

Table 14 Stability period of final extracts in the auto sampler rack at about 10°C  
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Sample Material Stability period (days) 

Grape (whole fruit) 7 days 

Orange (whole fruit) 4 days 

Lettuce (head) 8 days 

Cucumber (whole fruit) 8 days 

Avocado (whole fruit) 4 days 

Wheat (Grain) 3 days 

4 Evaluation and Discussion 

The presented residue analytical method modification 00861/M00I was validated for the 

determination of residues of fosetyl-Al and its metabolite (phosphorous acid) in grape (whole 

fruit. orange (whole fruit), lettuce (head), cucumber iwhole fruit), avocado (whole fruit), and 

NheOt (grain) by LCIMS/MS. 

iasetyl-Al and 65 rnetaboiite 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 Hyoercarb column and detected by tandem mass 

spectrometry with elctrospray ionisation. The quantification was done by an external 

I . standardisation in matrix matched standards 

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

the accuracy of the method and the storage stability of sample final extracts -xtracts.

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

standards in solvent and matrix matched standards. 

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

concentrations between 0.1 and 5 jg/L and 1 and 50 pg/L, except for wheat samples between 

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

The occurrence of matrix effects was monitored. 
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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 for each compound, 

i.e. <0 003 mg/kg of fosetyl-Al and <3.03 mg/kg of phosphorous acid. 

Tne limit of quantification (LOQ) was defined as the lowest fortification level where a mean 

recovery wnhn the range of 70 to 1 10% and an RSD of !? 20% could be obtained. The LOQ was 

set at 0.01 mgkg for fosetyl-Al and at 0.1 mg/kg for phosphorous acid in grape (whole fruit), 

orange (whoa 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 recovery rates were in the range of 69 to 114 % for fosetyl-Al and of 65 to 113 % for 

:-.1sphorous acid. The mean recovery rates per fortification level were in the range of 93 to 97 

for fcsety-Al with an overall recovery rate over all sample materials and fortification levels of 

9’ and of 86 to 97 % for pbophorous acid with an overail recovery rate over all sample 

rnateriCs and fortification levels of 91 %.The accuracy of the method fulfils the requirements for 

vresdue analytical rnmods which demand that the mean recoveries for each fortification level 

should be in the range of 70-1 10%. 

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

:n standard deviations (RSD) for the single fortification levels ranged from 7.6 to 12.3 % for fosetyl-

Al and from 9.5 to 14.9 % for phosphorous acid (n30). 

The overall RSD values per sample material were between 2.1 and 10.9% for fosetyl-Al and 6.0 

and 17 3 % for phosphorous acid (n10). The RSD value across all samples was 10.2 % for 

foset’jl-Al and 13.7 % for phosphorous acid (n=60). 

o The overall SD values per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0 

and 17.8 % for phosphorous acid (n10). The RSD value across all samples was 10.2 % for 
fosetyl-Al and 13.7 % for phosphorous acid (n60). All RSD values were well below 20%, so 
that the precision and repeatability of the method can be considered acceptable. 
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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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pQendix1 
Flow Diagram of Residue Method 00861/M00 1 

Extraction 

1. Weigh 20,0 g of homogeneous sample material into a 125 
mL polypropylene bottle. 

2. Add 80 mL of acetonitre I water (50/50, v/v). 
3. Blend the sample using a high-speed blender (JKA or 

equivalent) for approx. 5 minutes. 
4. Centrifuge the extract (3600 rpm - 5°C)  for approx. 5 

minutes. 
5. Pour the supernatant into a 200 mL volumetric flask. 
6, Add 80 mL of acetonitrile / water (50/50, v/v) on the bottom. 
7. Blend the sample using a high-speed blender (IKA or 

equivalent) for approx. 5 mmutes. 
S. Centrifuge the extract (3600 rpm - 5°C)  for appr x. 5 

mutes. 
9. Pour the supernatant into the volumetric flask. 
10. Make-jo to 200 mL with methanol. This is the Extract A. 
11. Centrifuge an aliquot of about 10 mL cf Extract A (6000 rpm 

- ambient fr approx. 10 minutes, 
12. Filter the extract through an Acrodisc CR 25 mm PTFE filter 

(0.45 pm). 
13. Dilute five times the extract using acidified methanol with 

formic acid 0.5 %. This is the Final Extract. 

Remark: for wheat samples, from stage 10, follow 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 Extract A (6000 rpm 

Šambient) for approx. 10 minutes. 
12. With dilutor, 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 pm). This is the Final Extract. 

- HPLC Measurement with Electrospray MS/MS detection 
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ppendix 2 
Details on LC-MS/MS conditions 

5 Comment: 
Synchronization Mode: LC Sync 
Auto-Equilibration: Off 
Acquisition Duration: 11 min59sec 
Number Of Scans: 88 

o Periods In File: I 
Acquisition Module, Acquisition Method 
Software version Analyst 1.4 

s MS Mehod Properties. 

Period 1. 

Scans in Period: 888 
.o Relauve Start Time: 0.00 msec 

Exper:ments in Period: 1 

Period 1 E:periment 1: 

:s Scan Type: MRM (MRM) 
Polant’:

 
Negative 

Scan Mode N/A 
Ion Source: Turbo Spray 
Resolution 01: Unit 
Resolution 03. Unit 
Intensity Thres.: 0.00 cps 
Settling Time: 0.0000 msec 
MR Pause: 5.0070 rnsec 
MCA’ No 

s Step Size 0.00 amu 

Quantifier transitions: 
01 Mass (amu) 03 Mass (amu) Dwell(msec) 
80.90 52.90 500.00 

40 (phosphorous acid) 

01 Mass (amu) 03 Mass (amu) Dweli(msec) 
109.00 80.90 200.00 

.s (fosetyl-Al) 

Parameter Table (Period 1 Experiment 1): 
CUR. 20.00 
GS 1: 40.00 

o GS2: 60.00 
IS: -4500,00 
TEM. 600.00 
he: ON 
CAD: 6.00 

55 EP -10.00 
CXP -1.00 

Param Start Stop 
DP -55.00 -55.00 
CE -38.00 -38.00 

Param Stat Stop 
DP -45.00 -45.00 
CE -16,00 -16.00 
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Confirmatory transitions: 
01 Mass (amu) 03 Mass (amu) Dwell(msec) Pararn Start Stop 
80.90 76.90 60000 DP -5500 -5500 
(phosphorous acid) CE -22.00 -22+00 

01 Mass (amu) 03 Mass (amu) DwelI(n’sec) Param Start Stop 
109.00 63.00 200.00 DP -45.00 -45.00 

"J (fosetyl-Al) CE -38.00 -38.00 

Parameter Table (Period 1 Experiment 1); 
CUR. 20-00 
GS1: 40.00 
GS2: 6000 
IS -4500.00 
TEM. 600.00 
he: ON 
CAD 6,00 

2 EP -10.00 
CXP -5.00 

Agilent 1100 C Pump Method Properties2-51  

Pump Model: Agilent 1100 LC Binarj Pump 
Minimum Pressure (psi): 0.0 
Maximum Pressure (psi): 5601 0 
Dead Volume (p 40.0 
Maximum Flow Ramp (m!/min): 100.0 
Maximum Pressure Ramp (psIsec): 290.0 
Step Table. 
Step Total Time(min) Flow Rate(pli’min) A (%l B %) 
0 0,00 400 65.0 35.0 

o 1 1000 400 65.0 35.0 
Left Compressibility: 50.0 
Right Compressibility, 115.0 
Left Dead Volume (il): 40.0 
Right Dead Volume (p1)40.0 

’ Left Stroke Volume (pI). -1.0 
Right Stroke Volume (p1): -1.0 
Left Solvent: A2 (water 

+ 0.5% formic acid) 
Right Solvent: 82 (methanol) 

115 CTC PAL Auto sampler Method Properties: 

Loop Volumel (p1): 100 

Loop Volume2 (p1): 20 
Injection Volume (ph: 50.000 

so Method Description: 
Syringe: 250u1 
Analyst LC-lnj 
Air Volume (p1) 

o 

Pie Clean with Solvent 1 () 2 
55 Pie Clean with Solvent 2 () 1 

Pie Clean with Sample () 0 
Filling Speed (p)/s) 50 
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Firing Strokes () 0 
Inject to LC Vlv2 
Injection Speed (pUs) 50 
Pre IrJect Delay (ms) 500 

s Post Inject Delay (ms) 500 
Post Clean with Solvent I () 3 
Post Clean with Solvent 2 () 2 
Valve Clean with Solvent 1 () 2 
Valve Clean with Solvent 2 () 1 

IJ 

Agilent 1100 LC Pump Method Properties 

Pump Model: Agilent 1100 LC Quaternary Pump 
Minimum Pressure (p) 0.0 
Maximum Pressure (psi): 5501.0 
Compressibility: 100,3 
Dead Volume (p1): 40.0 
Stroke Volume (p1): 1.0 

:s Maximum Flow Ramp (mllminz): 100.0 
Maximum Pressure Ramp (psi/sec): 290.0 

Step Table: 

Step Total Time Flow Rate A (%) 

TE#3 TE#4 nip) 

(methanol) 

l%) C (%) 0 (%) TE#1 TE2 

(iI/min) (water) 

0 000 200 50.0 50.0 0.0 0.0 open open open 
c per 
13.00 200 50.0 50 0 0.0 0.0 open open open 
cnen 

Phrrlary Fiow Rate )smin): 200.0 
Flow Sensor Calibration Table Index: C 

35 Valco Valve Method Properties 
VIcn Valve Diverter 

Total Time (mm) position 

1 0.0 B waste 
2 3.0 A spectra 

Gas pressure Auto sampler CTC Analytics 

HTS Pal 

N2  4 bar 1 Peltier rack 10 1C 

Air qas III7.5iL Loop 20 pL 

rExhaLstgas _4 oar Solvent 1 HO+ 0.5 %HCOOH 

Solvent 2 MeO}-1 

Oven Agilent 

G1316A  

_____ Temoerature Not used 
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Vco valve Column selector 

C2-0000EP V1CI C5-0006EMTD 
(0 1290 

Ten parts_ 6  positions 

2 positions Not used 

Pumps 

A=MS Waste 

Source 

n’1291 

Probe TucbofonSpray 

Bjnarj  n0 1288 

Flow 0.4 mL/rrin Horizontal Position 7xax) 

Vertical Position 
B2MeOH Capillary ext1mm 

socrabo  

Mass Spectrometer API 4000 

Device GLPnfl29 

Quaternary pump Agent 11,301 

G135429 

F 11 ow  0.2rnLlmin Column 

A H1050 
% Precolumn SMPREA1 

B = MeOH 50 
% Column 1 SMAR 69-1 

-1 Thmcab100x3.0mm im 

D = (ambient temperature) 
lsnrti mndp.T 
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App.gndi)(3 
Results obtained with confirmatory transitions 

Crop Sample Material 
FIL 

[mg/kg] 

Recovery of fosetyl-Al 

Single Values [%) Mean [%] RSD [%] 

Grape Whole fruit 0.01 101 10,7 106 100 8,8 

101 85 

0.1 98 102 93 99 4.5 

96 104 

Overall Mean and RSD 99 6.7 

Orange Whole fruit 0.01 121 121 110 110 10.3 

106 94 

0.1 98 102 91 94 7.0 

92 85 

Overall Mean and RSD 102 12.2 

LettLica Head HOI 113 102 90 97 10.9 
93 87 

0.1 95 97 96 1.4 

95 98 

196 

Overall Mean and RSD 97 7.4 

Cucumber Whole fruit 0.01 117 117 107 110 6.0 

103 106 

0.1 100 100 102 100 1.4 

98 100 

Overall Mean and RSD 105 6.6 - 

Avocado Whole fruit 0.01 93 94 91 92 4.9 

97 85 

0.1 85 87 85 85 1.4 

64 84 __ __ 
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Overall Mean and RSD 89 5.4 

Wheat [Grain 0.01 88 98 89 7.3 :: 
0.1 72 81 73 75 5.2 

72 77 

Overall Mean and RSD - 81 10,8 

Cape Arhole fruit 0.1 91 86 119 96 14 1 

95 87 

1 99 101 98 100 1.6 

100 102 

Overall Mean and RSD 98 9.6 

Crge Whole fruit 0.1 69 92 68 74 14.1 

71 68 

108 106 106 104 4.3 

97 101 

1 
Overal Mean and RSD 89 19.8 

Lettuce Head 0.1 91 80 94 

-. 

81 14.3 

70 69 

103 105 101 102 2.0 

101 100 

Overall Mean and RSD 91 14.9 

Cucumber Whole fruit 0,1 90 93 77 86 9.9 

77 94 

1 101 100 101 99 2.5 

95 99 

Overall Mean and RSD  

Avocado Whole fruit 110 1 71 81 84 176 18.0 
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70 76 

1 113 107 103 104 5.5 

100 99 

Overall Mean and RSD 90 17.5 

Wheat Grain 0.1 74 74 77 74 2.9 

74 71 

1 75 82 78 80 4,0 

83 80 

lOverall Mean and RSD 77 5.1 
FL Fortification Level 

This detaled example concerns the analysis of fosetyl-Al and of phosphorous acid using water 

sampes. This example s a modification MOOl to the Analytical Method 00931 for the 
determiation of residues of fosetyl-Al and its metabolite (phosphorous acid) in/on drinking 
water and sjrface water by LCM3MS. 

The presented residue analytical method modification 00931/M001 was validated for the 
determination of residues of fosetyl-Al and its rneabolite (phosphorous acid) in drinking water 
and surface water by LC/MS/MS. 

5 The sample rraterial is treated with a cationic resin and then concentrated. The residues of 
fosetjl-Al and its metabolite pnosphorous acid) are quantified by HPLC using an Hypercarb 
column and detected by tandem mass spectrometry with electrospray ionisation. The 
qu mtification was done by an external standardisation in matrix matched standards. 

r The validation 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 linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at 
25 concentrations between 0.2 and 20 pg/L. 

The occurrence of matrix effects was monitored. In drinking water, the measurement of tosety!-
Al mus be establishea using matrix matched standards. The results obtained with standards in 
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pure solvent for phosphorous acid in both 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 

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

i.e <0.00003 mg/L. 

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 2091/0 could be obtained. The LOQ was 

set at 0 0001 mgJL 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. 

o The singe recovery rates were in the range of 75 to 118 % for Iosetyl-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-.AI 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 92 %.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 

c standard deviations (.SD) for the single fortification levels ranged from 9.6 to 14.3 % for fosetyl-

and, from 8,8 to 19,8 Q/) for phosphorous acid  

The overall FD values per sample material were between 7.5 and 9.7 % for fosetyl-Al and 9.3 

and 12.4 % for phosphorous acid (n10). The RSD value across all samples was 12.7 % for 

fosetvl-Al and 15.0 % for phosphorous acid n=20). 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 methods, so this method modification has been validated successfully. 

A variart method was also validated on drinking water and surface water. The sample 

C preparation 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 16th July 1996), for non concentrated drinking water and surface water at 0.lpg/L 

for fosetyl-Al and ten times this limit for fosetyl-Al and at 1$ugIL for phosphorous acid when 

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

Regarding to the mr method, the sample preparaton was greatly simplified and allows to save 

a lot of time 
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1. Introduction 

Fosetyl-Al is a fungicide 

The method modification 00931/MO01 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 00931 from 0.001 mg/L for 

fosetyl-Al and 0.004 mg/L for phosphorousa,-,id in surface water and from 0.002 mg/L for 

phosphorcus acid in drinking Water to 00001 mg/L for each compound in both sample 

materials. 

Table 15: [00 and princicie of analytical determination 

Compound fosetyl-Al 

Determined as foset 

Phosphorous acid 

Cacutedas  tosetylI_ 

Principle of Determiraflon   [C/MS/MS . . L 

[00 [mg/LI Drinking water 

Surface waterll 

1.1. Oitatior, of the Chnjnal Method 

horous acid 

horous acid 

0,0001 00001 

0.0001 00001 

original Method: 00931 

Compounds Fosetyl-Al and its metabolite (phosphorous acid) 

L. Saudet - R. Diot - M. Guillet - iL. Kieken Author . Aventis CropScience Centre de Recherche de a Dargoire 
14120 rue Pierre Ba’zet 69009 Lyon - France 

Citation: Agredoc Numbers: ROl 1760 and ROl 1761 dated May 22, 2000 

Reason for Mod fr .cati.or. Ł 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 mgIL 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 both sample materials. 

1.2. Physical and Chemical Properties 

See example 3 

2. EApemental Section 
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2.1. Materials 

2.1.1Qi1us 

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

phosphate and rinsed with water and acetone. 

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

30 

> accuracy – 0.1 mg (analytical standards) (e.g. Mettler AT261 range) 

’ accuracy – 0.1 g (samples) (e.g. Mettler PM6000) 
Ł Dilutor (e.g. Hamilton MicroLab 1000) 
Ł Rotary shaker (e.g. Heidoiph REAX 2) 
Ł Sample Concentrator (e.g. Techne dri-block) 
Ł Ultrasonic bath 
Ł HPLC (e.g. Binary Pump AgUent 1100) 
Ł Auto sampler (e.g. CTC Analytics HTC PAL) 
Ł Triple Quadrupu HPLOMS/MS Mass Spectrometer (e.g. Sciex Instruments, API 4000 System) 
Ł Column (e.g. Hypercarb, 100 x 2.0 mm, 5 pm) 

2.1.2. Reagents and Supplies 

Ł Acetone (e.g. SupraSolv(D Merck) 
Ł Methanc (e.g. SupraSolvf  Merck) 
Ł Form:-. acid (e.g. Normapur Prolabo) 
Ł Catioc resin (AG 50W-X8, 20-50 Meshs, hydrogen form) (e.g. Bic Rad) 
Ł GF/A filters (125mm), (e.g. Whatman) 
Ł Polypro bottles (125 ml-, wide opening) (e.g. Nalgen) 
Ł Polypro bottles (1000 rnL, wide opening) (e.g. Nalgen) 
Ł Pyrex glass test tubes (20 x 150mm) (e.g. Corning) 
Ł Polypro funnels (67mm) (e.g. Marylands Plastics) 
Ł Glass disposable pipettes (5 rnL) 
Ł Solvent for dilution Water with 0.5 % HCOOH 
Ł Mobile phase solvent Water with 2 % HCOOH 

Methanol with 2 % HCOOH 

2.1.3, Reference _Item 

See example 3. 

2.1.4. Standard Solutions 

Stock and standard sciutions were stored protected from light in a refrigerator at around 5°C.  
35 Stock soluhons (1000 mgJL. 
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Into a 100 niL amber screw-cap flask, weigh accurately between 20 and 50 mg of reference 
tern. Using a burette, add a volume of water to obtain a stock solution of exactly 1000 mg/L. Mix 
thorougrily until complete dissolution using a magnetic stirrer. Two separate stock solutions 
mu --t be prepared for each compound. After comparison of these two stock solutions, they are 

s mixed. 

Mixture solution 

Pipette 5 mL of each stock solution using a class "K" pipette. Pour into a class ’A" 50 mL 
volumetric flask. Adjust volume with water, cap and mix by shaking (100 mg/L of each 
compound) 

Ejfyj1g standard soluhons 

By serial dilutions of the mixture solution in water prepare the fortifying standard solution used 
fr recoveries at 10LOQ level (0.1 mgJL of each compound) and the fortifying standard solution 
used for recoveries at LOQ evel 10.01 mg/L. of each compound), 

intermediate standard solution 
By serai iiiutions of the mixture solution, prepare tne intermediate standard solution at 1.0 mg/L 
using wae 

Stanoard solutions in solvent 

T tar), tie tandarri sclut;ons used for calibration, dilute extemporaneously using a dilutor 
and water vith 5’ formic acid, the intermediate standard solution to obtain the following 

un concentrations. 0.2, 0.4. 0.5, 0.75, 1, 2, 5, 10 and 20 pg/L. 

Matrix matched standard solutions used for calibration 

The 000urrerce of matrix effects was monitored and the measurement of both compounds is 
established using matrix matched standards in both sample materials. 

From toe intermediate standard solution, the dilutions are the same as preparation of standard 
25 solutions in solvent, except the dilution mixture which is the final extract of a control sample. 

Remarks 
Ł 20 to 25 mL of final extract are necessary to make all dilutions. 
Ł final extracts of control sample could be prepared a day before use and stocked in a 

refrigerator. 
30 

2.1.5. sitLofthe standard solutions 

The stock solutios, stored protected from light in a refrigerator at around 5CC, were found to be 
stable for 9 months and a half. 
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2.2 Residue Analytical Methodology 

Some modifications compared to the original analytical method were introduced. 

The method modification 00931/MOOl presented in this report was validated in order to 

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

s and to decrease the Lmit of Quantification (LOQ) of original method 00931 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 00001 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 mIL for 
phcsphcrous acid in surface water and from 0,002 mg/L for phosphorous acid in drinking 
water to 0.0001 rngiL for each compound in both sample materials. 

Ł The NaOH treatment was replaced by a resin treatment. 
Ł The derivatization step was supressed. 
Ł The clean-up step with liquid-liquid partition was suporessed. 

The quantification was carried out by ’.C/MS/MS instead of GC,’FPD. 

Xi modifications were included in the description below. 

flow chart of the method is given in Appendix 1. 

Nce i during analysis, for each sample set, it is necessary to do a blank reagent where water 

sample is replaced by Mull Q water to be sure that no phosphorous acid contamination (< 30% 
LOO) coming frcm sample preparation is found, 

Remark . standard laboratory glass ccrl3umable should be cleaned with only detergents 

containHg no phosphate and rinsed with water and acetone. 

c 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 material after weighing and before shaking. 

o Preparation of the cationic resin 
15. Weigh about 25 g of AG 50W-X8 resin into a 1000 rnL polypropylene bottle. 
16. Add about 500 mL of water. 
17. Shake using a rotary shaker for about I minutes. 
18. Discard the supernatant water. 

35 19. Do steps 2 to 4 a second time. 
20. Do steps 2 to 4 a third time. 
21. Filtrate residual water and resin through two GE/A filters put in a polypropylene funnel and 

previously rinsed with wster. 

Remark: resin is prepared either just before use or in advance, stored at ambient temperature 
40 and re-hydrated just before use. 



NN ( ) 2006 l)’)ô( PCTIEP2006I00 1433 

58 

Caution: phosphorous acid interferences could be observed if the resin Is not washed as 

described above-bove

SamplesSam les prep ration 

1. Weigh 0.6 g of AG 50W-X3 resin previously 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 

Wwr 

3. Shake the sample using a rotary shaker for 10 minutes. This is the Extract A. 
Note: The weight of Extract A is used for residue calculation, addressed as variable WExtrCt 
In this case, there was no extraction: no solvent was added to water sample; 
it was just a resin treatment, so WEXtIaCt Water 20 g 

4. Using a disposable glass pipette, transfer an aliquot of 5 mL of supernatant into a test tube 
previously weighted. 
Note. The volume of aHquot is used for residue calculation, addressed as variable 

Instead of transferring 5 mL, this aliquot could also be done by weighing 5 g = WAliquot 

5. Evaporate under a nitrogen flow using a sample concentrator at a temperature of about 
60CC to approximately 0.5 g. Caution not to evaporate to dryness. 

6. Using disposable pipette make-up to 1 .0 with acidified water witn formic acid 0.5 %. 
Nate: the concentration of formic acid in acidified water used in step 6 is a critical 
parameter: it has an important action on the H3P03 peak shape obtained in. LC. The 
increase from 0.5% to 211% of formic acid in acidified water can give a very large H3P03 
peak, and accordingly a ioss of sensitivity. 

7. Son icate for about 5 minutes. This is the Final Extract. 
Note, weight of Final Extract is used for residue calculation, addressed as variable WEld 

8. Proceed to LCIMSiMS measurement, Chapter 2.3. 
Note: if it is necessary to dilute the Final Extract due to a concentration outside the 
calibration curve: use final extract of control sample because matrix matched standards are 
used for calibration. 

2.3. Analysis and Instrument Conditions 

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

tandem mass spectrometnj with electrospray ionisation. 

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

Exemplary LC/MS/MS conditions that were used in the course of this method validation are 

listed in chapters 2.3.1 and 2.3.2. These conditions are given as a guidance and may have to 
be adapted for other HPLC-MS/MS systems 

40 2.31. HPLC Conditions 

nstrument: Binary pump Agilent 1100 

Auto sampler: CTC Analytics HIS PAL 
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Column: Hypercarb, 100 x 2.0 mm, 5 pm 

Precolumn: none 

Injection Volume: 50 pL 

Column temperature: ambient (about 25C) 

5 Mobile Phase: 

socratic mode: 55 / 45 (vlv) Methanol + 2% formic acid /water + 2% formic acid 

Flow (Column 200 pLlmin 

Reienion Times: from 3.1 to 41 min for phosphorous acid and from 3.9 to 5.3 rnin for 

fosetyl-Al. 

emarks 
Ł Retention times in concentrated samples are lightly shorter than in solvent (about 0.2 min in 

surface water and 0.5 min in drinking water). 
Ł it is necessary to wait acout 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. 
Ł Hypercarb precolurnn must not be used. 
Ł Depending of the phase batch of Hyperoarb column, the percentage of formic acid in the 

mobile phase could be adapted to improve peaks shape (from 0.5% to 2%). 

2.3.2 MS/MS Ccnditons 

See example 3. 

2,3.3. Confirmatory transitions 

See example 3. 

Note all recovery samples were also analysed using confirmatory transitions. 

The results are given in Appendix 6. 

2.4 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 linearity was tested by injecting standards of fosetyl-Al and phosphorous acid at 
o concentratiors between 0.2 and 20 pg/L. 
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Table 16: Standard concentrations prepared for the determination of detector linearity. The 
concentration corresponding to the LOQ is printed in the third column of the table. 

HPLC-MSIMS Standard Concentrations [g!L] 

fosetyl-A; 0.275 
1iiii 

Phosphorous acid 0.2 0.4 0.5 i 0.75 1 2 5 10 20 

2.5. f5torageStabU.t,of Extracts 

5 The stability or sample extracts containing fosetyl-Al and phosphorous acid was not determined 

this study. 

2.6. Calculation 

2.6.1 Calculation of Residues 

S 

Evaluation in ti-is case is Pe -formed according to the external standardisaton using matrix 

matched standards. 

During the analysis of each set of samples, the 9 standard solutions mentioned in 

Table 16 are injected once. Standards should be Interspersed wits samples to compensate for 

s any minor change in instrument response. 

For each compound, the peak area is plotted versus the concentration in order to establish a 

calibration urve obtained by linear regression weighting lIx with least squares method. 

The corresponding model to determine the concentration in final extracts is calculated using the 

Analyst Software (Version 1.4). 

so 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 

cf each compound is determined for each irject:on. 

25 For each compound, the amount of residue R, expressed in mg/L is calculated, using the 

following formula 
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where R 

V.,5 

5.1 

C xVEnd x V1 

R= 
1000XV Water x 

Determined amount of residue of fosety-Al or phosphorous acid in mg/L 
Concentration of fosetyl-Al or phosphorous acid found in the final extract In pg/L 
Volume of the final extract in mL, consideiing that: VEfld = WE,-.d x Density 

where WEd = weight of the final extract in g, here 1 g and Density 1 mL/g (*) 

Volume of the extract A in mL considering that: VEjr Wxiract x Density 
where Wirt = weight of the extract A in g, here 20 g and Density = 1 mL/9 (). 
In this case, there was no extraction: no solvent was added to water sample; 
it was just a resin treatment, so Wrat = Wwir = 20 g 
Volume of the analytical sample in mL, considering that: Vwater Wter x Density 1 

where Waior weight of the water in g. here 20 g and Density 1 = 1 mL/g (*) 

Aliquot (of extract A) used before evaporation in mL, here 5 mL 
f the aliquot has been weighed, VAi4ot = WAIi,juot x Density 

where WAUqUQ4 weight if the aliquot in g, here 5 g and Density I mL/9 (*) 

5 emarks ij 
The density of all liquid samples (water, extracts) is considered equal to 1 independently to 
rcam. temperature. This aows to convert weight of liquid samples into volume. 
In order to express pnoschorous acid in fosetyl-Al equivalent, he ratio of the molecular 
weight must be used 

354.Ig. 
=: L44 

’rnol 
Ratio 

(2.Ox3) Cr/ mo1 

because 1 mole fc3etyl-Al (354 1) gives 3 moles of phosphorous acid. 

2.62. Calculation of Recovery Rates 

ie concentration o each compound in pg/L is determined for the recovery sample according 
tc26.1. 

The percent recovery rate is then calculated as follows 

Rec 
CxlOO 

A 

.hu;e: Rec : Recovered amount found in fortified sample in % 

C : Concentration of fosetyl-Al or phosphorous acid found in the analysed extract in pg/L 
Fortified amount of fosetyl-Al or phosphorous acid in pg/L 
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2-5,3.  Ca culation of Relative Standard Deviation J RSO) 

The RSD is calculated as follows 

R S D (% S.D. / Mean Racovery x 100 % 

1 (R Rfl))2 

S. D. ii 
n - i 

3 Results and Discussion 

recovery 

R: mean recovery 

n. number of recoveries 

31.Snec!N2and lectivrt’ 

The method allows the determination of fosetyl-Al and its metabolite (phosphorous acid) in 

hinkirtg water and surface water samples. 

The specificity of the method resulted froŁ: the HPLC separation in combination with the very 

selective MS/MS detection. 

3 2. Sampies 

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

used is listed in Table 17, 

Tabe 17: Origin of untreated control samples 

Test system Origin 

Drinking water BCS CRLD Tap water from lab 0221 Lyon - France 

Surface water St Agnan en Vercors - France 

Some characteristics of surface water are recorded in Table 18, 

Table 13: Characteristics of surface water 

date of pH Ca clay particles total organic conductivity 
col at 16.5 C (mg/L) (mgi’L) carbon (TOC) (l.JSIcm) 

(jyyylrnmldd) (mg/L) 

(NF T 90-008) (potentiometric (NF EN 872) (NF EN 1484) (NF EN 27 888) 
detection)  

2005/03/27 8.1 88 <2 1.00 400 
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These characteristics were determined by 
Cemagref 
Division qualitŒ des caux et prevention des pollutions 
Groupement de Lyon 
3 bis qual Chauveau 
59336 Lyon cedex 09 - France 

A residue level estimation in control samples was performed. The results are listed in Table 19. 
The apparent residues for all control samples were below 30% of the LOQ for each compound, 

i i.e. <0 00003 mg/L. 

Table 19. Apparent residues in untreated control samples for fosetyl-Al and phosphorous acid 

Sample OriginLOQ Apparent residues 

Matena [mg/L] mgIL} 

phospho- phospho-
fosetyl-Al fosetyl-Al 

rous acid rous acid 

rir’k:ng .-. BC - CRLD - Tap water 

from lab D221 Lyon - 0 0001 0.0001 <30% LOQ <30% LOQ 

France 

Surface St Aanan en Vercos - 
0.000 <30% LOQ <30% LOO 

France 

3.3 Limit of detection 

Ccr:roi samole :rtfied at 0 000Cc mgIL were analysed to test the limit of detection of fosetyl-Al 

and phespnorous acid. The results are given in Table 20. 

17 Table 20: Recoverj rate obtained for fosetyl-Al and phosphorous acid at 005 pg/L fortification 
level 

Sample Matehal 
Fortification level Recovery 

tmg!L 

phosphorous phosphorous 
fosetyl-Al i fosetyl-Al 

acidad 

Drnking water 
0.00005 0.00005 89 75 

---._--

Surface water 
0.00005 0.00005 106 95 
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.4. Linearity of the  Detectors and Matrix Effects 

The linearity of the detector used was tested for fosetylAl and phosphorous acid using 
standards in solvent and matrix matched standards. 
fne hnearitv was tested by injecting staniards of fosetyl-Al and phosphorous acid at 
concentrations between 0.2 and 20 g/L. 

Experimental details can be found in Chapter 2.4. 

In each 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 sciution, in order to obtain calibration curve of the form: 

ax -- h 1!x weighting) 

where : y = peak area. 

x = concentration in injected standard solution 

The ’-esuits cf the determination of detector response for LCJ1S.’MS are summarised in Table 

Table 2: Summav of tOL c&erminaon of detector linearity for LC/MS/MS. 

phosphorous 
Oetechor Parameter fosetyl-Al 

LC!MS.MS Linear range g/L} 0.2-20 0.2-20 

No. of concentrations 9 9 

No. of injectins I I -. ........-...................- 
----1;......--.---.-..-.-..-.--.----------

Model lIx weighted 1/x weighted 

linear regression linear regression 

Correlation coefficient (R) 

for standards prepared in solvent 
>0.9993 >0.9991 

Correlation coefficient (R) 
>0.9931 >0.9990 

for matrix matched standards 
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An exoeilent 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 0.2 to 20 pg/L for both 

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

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

23 

Table 22: Matrix effect evaluation for tosetyt-Al. 

FL Fortification Level 

Measurement using 
Number 

FL Standards in pure Matrix matched 
Material of Values 

[mg/U 
(a) 

solvent standards 

Mean [%] RSD [%) Mean [%] RSD [%1 

Crnk:r.g water 0.0001 5 25 17.0 86 12.2 

0001 5 33 7.0 82 6.5 

lSurfacewaL.. 00011 5 9" 79 107 64 

Table 23: Matrb< effect evaluation for phosphorous acid 
FL Fortification Level 

Measurement using 

FL 
Number 

Standards in pure Matrix matched 
Sample Material of Values 

[mg/LI solvent standards 

Mean 1%) RSD [°Ioj Mean [%] RSD (%] 

IlDrir.kirg water 0.0001 5 80 3.3 76 5.7 

0001 5 64 11.3_Š 88 11.9 

Surface water 000101 5 123 4.2 

- 

109 4.1 

0.001 5 1 101 4.6 93 4.6 

In drinking water, the measurement of fosetyl-Al must be established using matrix matched 
standards. The results obtained with standards in pure solvent for phosphorous acid in both 
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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 0.2 to 20 pg/L for both 

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

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 

Measurement using 

Sample Material 
FL 

(mg/1-1 

Number 

of Values 

ri) 

Standards in pure Matrix matched 

solvent standards 

Mean [%J RSD [%] Mean [%] RSD [%1 

Drinking water 0.0001 5 25 17.0 86 12.2 

0.001 5 33 7.0 82 6.5 

Surface water 5 97  7,9 107 6.4 _:.9001 

5 103 3.4 96__-3.3 

Table 23; Matrix effect evaluation for phosphorous acid 
10 FL: Fortification Level 

Measurement using 
Number 

FL Standards in pure Matrix matched 
Sample Material of Values 

[mg/Li solvent standards 
(n) 

. 

Mean %) RSD %J Mean 1%] RSD [%J 

Drinking water 
’ 0,0001 5 80 3.3 76 5.7 

0.001 5 64 11.3 88 11.9 

Suace water 5 123 4.2 109 4.1__-

L5 L 101 4.6 93 4.6 -- J0.001 

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

5 3.5. Limit of Quantification and Recovery ExpLments 

The limit of quantification (LOO) 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 

Ł 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 

ii fosetylAl and phosphorous acid prior to analysis. 

3.6. Recovery Rates 

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

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

Fortification Level Recovery of fosetyl-Al 
Sample Material 

EmgJLJ Single Values [%J Mean [%] RSD (%] 

Drinking water 0,0001 76 76 87 86 12.2 

90 101 

0,001 78 75 87 82 6.5 

87 82 

Overall Mean and RSD 64 - 9.7 - 

Surface water 0.0001 ’ 100 103 107 107 6.4 

118 105 

0.001 98 100 96 96 3.3 

92 94 

Overall Mean and RSD 101 7.5 

Table 25: Recovery rates obtained for Phosphorous acid, RSD: relative standard deviation 
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Sample Material 
Fortification Level Recovery of Phosphorous acid 

[mg/LI Single Values [%] Mean [%] RSD [%] 

Drinking water 10.0ool 72 72 74 76 5.7 

78 82 

0001 80 76 89 88 11.9 

96 101 

Overall Mean and RSD 82 12.4 

Surface water 0.0001 109 106 106 109 4.1 

117 109 -------
0.001 97 98 94 93 4.6 

88 90 

Overall Mean and RSD 1101 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 

’c 93% and of 91 to 93 % for phosphorous acid with an overall recovery rate over all sample 
materials and fortification levels of 92 %. 

The relative standard deviations (RSD) for the single fortification levels ranged from 9.6 to 14,3 
% for fosetyl-Al and from 8.8 to 19.8 % for phosphorous acid (n10). 
The overall RSD values per sample material were between 7.5 and 9.7 % for fosetyl-Al and 9.3 

15 and 12.4 % for phosphorous acid (n10). The RSD value across all samples was 12.7 % for 
fosetyl-Al and 15.0 % for phosphorous acid (n20), 
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Table 26 Summary of the recovery data for the determination of accuracy and repeatability; 
RSD: relative standard deviation 

11 Parameter fosetyl-Al 
Phospho-

rous acid 

Accuracy Single recoveries [%] 75-118 Š_72- 117 

Mean recoveries oer fortification level [°1°1  89-96 191 -93 

Mean recoveries per sample material ]84.101 82-101 

Overall mean t%] 93 92 

Number of values n 20 20 

Repeatabiity 1 RSD per fortification level i%1 9.6-14.3 8.8Š_19.8 

RSD per sample material t%1 9.7 9.3-12.4 

Overall RSD [/ 12.7 15.0 

3.7 Storage Stability of Extracts 

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/MO01 was validated for the 

determination of residues of fosetyl-Al and its metabolite (phosphorous acid) in drinking water 

io 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 

5 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 method. 

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 pgiL, except for wheat samples between 

0 31 and 8.3 pgIL and 3.1 and 63 ig/L. The detector response was linear in these ranges. 

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. 

i 3 The apparent residues for all control samples were below 30% of the LOQ for each compound, 

i.e. <0.003 mg/kg of fosetyl-Al and <0.03 mg/kg of phosphorous acid. 

The lmit 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 

s set at 001 mg/kg for fosetyl-Al and at 0.1 mg/kg for phosphorous 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 recovery rates. 

20 The single recovery rates were in the range of 69 to 114 % for fosetyl-Al and of 65 to 113 % for 

pncsphorous acid. The mean recovery rates per fortification level were in the range of 93 to 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 

25 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 

30 % for fosetyl-Al and from 9.5 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 9.5 to 14.9 % for phosphorous acid (nz30). 

The overall RSD values per sample material were between 2.1 and 10.9 % for fosetyl-Al and 6.0 

and 17.8 % for phosphorous acid (n10). The RSD value across all samples was 10.2 % for 
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fosetyl-Al and 13.7 % for phosphorous acid (n60). All RSD values were well below 20%, 
so 

that the precision and repeatability of the method can be considered acceptable. 

Al! results 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 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: 
Ł 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 consumable is strongly 
advised. 

Ł Before start of validation / measurements equipment / chemicals should be tested for any 
residues of phosphorous acid. 

Ł 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. 

Assessment of different LC conditions: 

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

LC conditions T Original Substitute 

- -- socratic mode: 55 / 45 (vlv) Isocratic mode: 35/65 (v/v) 
Change in the mobile phase 

methanol + 2% HCOOH / methanol I water + 2% HCOOH 
composition 

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 

At 

Complete original LC conditions are indicated in 2.3.1 

The results are presented in Table 27. 

Table 27’ Summary of  results obtaine 

Test LC 
Compound 

system conditions 

Drinking water 

fosetyl-Al 

with substitute LC conditions 

Calibration curve  

Standards in pure 7 Matrix matched 

original (LOQ and 10LOC’L No (LOQ and 10LOQ): OK 

substitute I (LOQ and 1OLOQ): No I (LOQ and 10LOQ: OK 
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LOQ: OK 
original 

H31DO 10LOQ No  

substitute (LOQ and 10LOQ): No 

(LOQ and 1 OLOQ) :0K 

(LOQ and 1OLOQ): OK 

original (LOQ and 101-00) OK (LOQ and IOLOQ): OK 
fcsetyl-Ai 

substitute (LOQ and 1OLOQ) No (LOQ and 1OLOQ) No 
Surface water T 

original 
LOQ: No (LOQ and 10LOQ): OK 

1OLOQ:OK 
H3P03 

LOQ: No 
substitute (LOQ and 1OLOQ):OK 

1OLOQ:OK 

"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 solvent’ is given as information. 

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 1OLOQ if substitute LC 

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

For drinking water, the method was successfully validated, according to the European 
ic requirements (96146/EC of 16h July 1996) at 0.1 pgIL and ten times this limit for fosetyl-Al and 

phosphorous 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 

is requirements (961461EC of 16h July 1996) at 0.1 ig/L and ten times this limit for fosetyl-Al and 

phosphorous acid, only when matrix matched standards were used, depending on LC 

conditions tested (notably for fosetyl-Al). 

5. Variant method 

20 A variant method was aiso validated on drinking water and surface water. The sample 

preparation of the main method 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, 

Table 28: Summary of the results obtained with variant method 

Calibration curve Test LC 
Compound Standards in pure Matrix matched system conditions 

solvent  standards 

original (LOQ and 1OLOQ): OK (LOQ and 10LOQ): OK 
fosetyl-Al 

substitute (LOQ and 1 OLOC): No (LOQ and 1 OLOQ); OK 
Drinking water 

LOQ: No LOQ: No 
original 

10LOQ:0K 1OLOQ:OK 
H3P03 

I : LOQ No 
substitute (LOQ and 1OLOQ) 

: No 
1OLOQ:OK 

original (LOQ and 1OLOQ): OK (LOQ and 10LOQ): OK 
fose-Ai 

substitute (LOQ and 1OLOQ): OK (LOQ and 10LOQ) OK 
Surface water 

LOQ No LOQ: No original 
IOLOO: OK IOLOQ: OK 

LOQ: No LOQ: No substitute 
10LOQ:OK 10LOQOK 

"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 solvent’ is given as information. 

io 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 O.lpg/L. 

The variant method was successfully validated, according to the European requirements 
i (96/46/EC of 16" July 1996), for non concentrated drinking water and surface water at O.lpg/L 

for fosetyl-Al and ten times this limit for fosetyl-Al and at 1ig/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 a lot of time. 
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ppr’idix 4 
Flow Diagram of Residue Method 00931/MO01 

PCT/EP2006/00 433 

Main point: for each set of samples, It is necessary to do a blank reagent 
where water sample is replaced by H20 mihiQ to be sure that no H3P03 
contamination (< 30% L.OQ) coming from sample preparation is found. 

0.6 g of washed AG 50W-X8 resin 
(in disposable Na/gene bottle PP) 

+ 

20.0 g of water sample 
(using disposable Pasteur Pipette) 

(Add here using a dilutor 200 pL of the fortifying solution for LOO recoveries 
or 200 pL of the fortifying solution for IOLOQ recoveries) 

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

Pour 5 mL. of extract 
(using a disposable glass pipette) 

into a weighted disposable glass test tube 

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

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

Sonicatlon: 
correspond to Final Extract 

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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Apendb 5 
Details on LC-MS/MS conditions 

5 Comment: 
Synchronization Mode: LC Sync 
Auto-Equilibration: Off 
Acquisition Duration: 1 0mm 1 sec 
Number Of Scans: 455 

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

MS Method Properties: 

Period 1: 

Scans in Period: 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 
on Source: Turbo Spray 
Resolution 01: Unit 
Resolution 03: Unit 

30 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: 
01 Mass (amu) 03 Mass (amu) Dwell(msec) Param Start Stop 
80.90 78.90 400.00 OP -55.00 -55.00 
(phosphorous acid) CE -22.00 -2200 

40 CXP -5.00 -5.00 

Qi Mass (amu) 03 Mass (amu) Dwell(msec) Param Start Stop 
108.90 80.90 200.00 OP -45.00 -45.00 
(fosetyl-At) CE -16.00 -16.00 

45 CXP -1,00 -1.00 

Confirmatory transitions: 
01 Mass (amu) 03 Mass (amu) Dwell(msec) Param Start Stop 
80.90 62.90 400.00 OP -55.00 -55.00 

50 (phosphorous acid) CE -38.00 -38.00 
CXP -1.00 -1.00 

01 Mass (amu) 03 Mass (amu) Dwell(msec) Param Start Stop 
108.90 62.90 300.00 OP -45.00 -45.00 

ss (fosetyl-Al) CE -38.00 -38.00 
CXP -5.00 -5.00 

ii 



WO 216i1179566 

75 

Parameter Table (Period 1 Experiment 1): 
CAD: 6.00 
CUR: 20.00 

5 GS1: 40.00 
G52: 60.00 
TEM: 600.00 
he: ON 
IS: -4500.00 

10 EP -10.00 

Agilent 1100 LC Pump Method Properties: 

Pump Model: Agilent 1100 LC Binary Pump 
5 Minimum Pressure (psi): 0.0 

Maximum Pressure (psi): 5801.0 
Dead Volume (pD: 40.0 
Maximum Flow Ramp (ml/min 2): 100.0 
Maximum Pressure Ramp (psi/sec): 290.0 

20 Step Table: 
Step Total Time(min) Flow Rate(pl/min) A(%) B (%) 

0 
0 0.00 200 
1 10.00 200 

45.0 55.0 
45.0 55.0 

Left Compressibility: 50.0 
20 Right Compressibility: 115.0 

Left Dead Volume (p1): 40.0 
Right Dead Volume (uI): 40.0 
Left Stroke Volume (p1): -1.0 
Right Stroke Volume (pi): -1.0 

30 Left Solvent: A2 (water 
+ 2% formic acid) 

Right Solvent: Bi (methanol 
+ 2% formic acid) 

CTC PAL Auto sampler Method Properties 

30 Loop Volumel (pl): 50 
Loop Volurne2 (pl): 50 
Injection Volume (p1). 200.000 
Method Description. 

Syringe: 250u1 
40 Analyst LC-lrij 

Air Volume (p1) 0 
Pre Clean with Solvent 1 () 2 
Pre Clean with Solvent 2 () 1 
Pre Clean with Sample 0 0 

45 Filling Speed 
(pus) 50 

Filling Strokes 0 0 
Inject to LC Vlvl 
Injection Speed (pus) 50 
Pre Inject Delay (ms) 500 

so Post Inject Delay (ms) 500 
Post Clean with Solvent 1 

o 

3 
Post Clean with Solvent 2 () 2 
Valve Clean with Solvent 1 () 2 
Valve Clean with Solvent 2 Q 1 

55 
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Gas pressure Auto sampler CTC Analytics 

HT. Pal (fl0 1303  
N2 4 bar  Peltier rack 10 °C  

Air gas 17.5 bar Loop 50 pL 

Air Exhaust gas 4 bar Solvent 1 20 +0.5% HCOOH 

Solvent 2 MeOH  

Oven Agilent 

G1316A(n°1294)  

I Temperature 

-, 

Not used 

Valco valve Column selector 

C2-0000EP V1C1 C5-0006EMTD 

(n°1289)  1280) 
- 

Ten ports  6 positions 

2 positions - Not used 

11  Not used  

- 

Source Probe TurbolonSpray Pumps 

n°1291  

n’1288 Binary punp Agilent 1100 G1312A 1400 P51 

(n°1297)   

low
 4Qrnh/in Horizontal Position 7Jaxis) 

A2= H20 +2% Formic Acid 45 
%  Vertical Position  7 (y axis)  

B1= MeOH + 2% Formic Acid 
55 % Capillary exit 1 mm 

Socic  

Mass Spectrometer API 4000 

Device GLP no 1292  

Binary pump Agilent 1100 G1 312A Not used 

n° 1296)  

Column  

A=  Precotumn none_ 

B -Column 

-  

SMAR 68-1 

lsocratic mode  Thermo Hypercarb 100 x 2.0mm5m - 

temperature)  .ambient 
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Appendix 6 
Results obtained with confirmatory transitions 

PCTJEP2006JO0 1433 

Sample Fortification Level Recovery 

Material 
Compound 

[mg/L] Single Values [%) Mean [%] RSD [%] 

0.0001 77 75 81 85 12.8 

91 101 

fosetykAl 0.001 78 73 86 80 6,7 

85 79 

Overall Mean and RSD 83 10.2 Drinku’g 

0.0001 62 67 86 79 16.6 water 

89 89 
phosphorous 

acid 
0.001 78 77 84 86 11.0 

94 98 

Overall Mean and RSD 82 13.9 

0.0001 96 101 106 107 9.4 

122 112 

fosetyl-Al 0.001 99 100 96 97 2.9 

94 94 

Overall Mean and RSD 102 8.8 Surface 

0.0001 116 108 104 109 4.0 water 

109 108 
phosphorous 

acid 
0.001 100 96 93 93 5.6 

88 88 

Overall Mean and RSD 101 19.5 
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Results obtained with substitute LC conditions 
5 

Din king water 

PCTJEP2006J00 1433 

Fortification Recoveries Calibration 
Compound Level 

curve Single Values [%] Mean 1%I RSD [%] 
[mgIL]  

00001 10 10 9 9 9.1 

9 8 

fosetyl-Al 0,001 18 18 17 18 4.7 

17 19 

Overall Mean and RSD 14 34.1 standards in 

00001 35 35 37 36 4.6 
pure solvent 

38 34 
phosphorous 

acid 
0,001 29 28 33 30 6.2 

30 30 

Overall Mean and RSD 33 10.6 

0.0001 95 94 85 89 8.3 

88 82 

fosetyIAl 0.001 96 97 94 97 4.0 

93 103 
matrix  

matched Overall Mean and RSD 93 6.6 

0.0001 93 94 98 96 4.6 
standards 

102 91 
phosphorous 

0.001 85 81 95 87 5.9 acid 

86 86 

Overall Mean and RSD 791 7.2 
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Calibration 
Fortification Recoveries 

curve 
Compound Level 

[mg/LI  
Single Values [%j Mean [%] RSD [%I 

00001 26 26 30 30 17.5 

31 39 

foset’jl-Al 0001 45 59 71 59 15.7 

60 59 

Overall Mean and RSD 45 37.1 standards in 

0.0001 51 63 64 60 9.2 
pure solvent 

59 64 
phosphorous 
acid 

0.001 69 73 71 70 3.5 

67 68 

Overall Mean and RSD 65 9.8 

00001 103 102 111 112 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 

0.0001 89 106 109 103 8.2 
standards 

101 109 
phosphorous 
acid 

0.001 105 110 108 105 3.6 

101 102 

Overall Mean and RSD 104 6.0 
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Appendix 
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 H3P03 contamination (<30% LOO) coming from sample 

preparation is found. 
0.6 g of washed AG 50W-X8 resin 

(in disposable Na/gene bottle PP) 
+ 

20.0 g of water sample 
(using disposable Pasteur Pipette) 

(Add here using a dilutor 200 yL of the fortifying solution for LOQ recoveries 
or 200 pL of the fortifying solution for IOL.OQ recoveries) 

Mechanical agitation (10 minutes) at ambient 
temperature: 

Extract A corresponds to Final Extract 

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  

5 Drinking water 

Calibration 
Fortification Recoveries 

curve 
Compound Level Single Values [%} Mean [%] RSD [%] 

[mg/L]  

00001 99 97 99 97 12.1 

98 94 

fosetyl-Al 0001 101 98 91 96 3.9 

95 95 
standards in 

pure solvent Overall Mean and RSD 97 3.0 

0.0001 no result 

phosphcrous 0.001 105 100 101 101 2.0 

acid 101 100 

Overall Mean and RSD 101 2.0 

0.0001 106 104 106 104 2.0 

105101 . 

fosetyl-Al 0.001 101 98 92 96 3,5 

matrix 95 96 
matched 

standards 
Overall Mean and RSD 1100 5.0 

0.0001 - no result 

phosphorous 10,001 98 92 93 94 2.7 

acid 93 92 

Overall Mean and RSD 94 2.7 
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Surface water 
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Fortification ii Recoveries 
Calibration 

Compound Level 
curve Single Values [%] Mean [%] RSD [%] 

(mg/L  

00001 103 87 101 97 7.9 

103 90 

fosety!-Al 0.001 101 102 98 101 1.7 

102 100 
standards jr 

Overall Mean RSD pure solvent and 99 5.7 

0.0001 -no result 

phosphorous  0.001 97 97 94 97 2.1 

acid 99 99 

Overall Mean and RSD 97 2.1 

0.0001 104 88 102 98 7.9 

104 91 

fosetyl-Ai 0.001 101 101 98 100 1.6 

matrix 102 99 
matched 

standards Overall Mean and RSD 199 5.4 

0.0001 no result 

phosphorous 0.001 93 93 90 93 2.2 

acid 95 95 

Overall Mean and RSD  193 2.2 

5 Example5 

This detailed example concerns the analysis of fosetyl-Al and of phosphorous acid using soil 
samples. This example is a modification M001 to the Analytical Method 00974 for the 
determination of residues of fosetyl-Al and its metabolite (Phosphorous acid) in soils. 



WO 21I6I0796 

83 

PCTJEP2006/00 1433 

Data Requirement 
Ł EU Council Directive 91/414/EEC amended by Commission Directive 96/46/EC 

Ł European Commission Guidance Document for Generating and Reporting Methods of 

5 Analysis in Support of Pre-Registration Data Requirements for Annex II (Part A, Section 4) and 

Annex Ill (Part A, Section 5) of Directive 91/414, SANCO/3029/99 
Ł European Commission Guidance Document for Residue Analytical Methods, 

SANCO/825/00 rev.7 

ic Summary 
The presented residue analytical method modification 00974/MOOl was validated for the 

determination of residues of fosetyl-Al and its metabolite (phosphorous acid) in soils by 

LC/MS/MS. 

s The ’esidues 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 

2 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, 

The linearity of the detector used was tested for fosetyl-Al and phosphorous acid using 
25 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 pg/L. 

The occurrence of matrix effects was monitored. 

The conclusion is that: 
30 - 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. 

35 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 50 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 methoo 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. 

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

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

1 Introduction 

Fosetyl-Al is a fungicide. 
The method modification 00974/M001 presented in this report was validated in order to 
suppress the steps of derivatizatiori, 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 fosetyl-Al and phosphorous acid. 

Table 29. LOQ and principle of analytical determination 

Compound Fosetyl-Al Phosphorous acid 

FDetermined as I Fosetyl-Al Phosphorous acid 

Calculated as Fosetyl-Al Phosphorous acid 

Principle of Determination LCIMS1MS LCIMS/MS 

LOQ_[mg/kg] Soil sample 0.05 0.05 

1.1 Citation of the Original Method 
Original Method: 00974 
Compounds 
Reason for Modification 

i. defired as the lowest vaiaIed fOrtiflcCtion lOvOl 

fosetyl-Al and its metabolite (phosphorous acid) 
-Suppress the steps of derivatization, 
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-Change analysis and detection modes from GCIFPD 

to LC/MS/MS. 
-Decrease the LOQ from 0,100 mg/kg to 0.050 mg/kg 

for fosetyl-Al and phosphorous acid 

1.2 Physical and Chemical Propeies 

See example 3. 

2 Experimental Section 

10 2.1 Materials 

2.1.1 Apparatus 

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. 

15 Ł Balances 

20 

30 

11 

43 

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

v accuracy 0.1 g (samples) (e.g. Mettler PM2000) 
Ł Dilutor (e.g. Hamilton MicroLab 1000 plus) 
Ł Rotary shaker (e.g. Heidoiph REAX 2) 
Ł Centrifuge (e.g. Hermle Z5131K) 

(ex Hettich EBA12) 
Ł HPLC (e.g. Binary Pump Agilent 1100) 
Ł Autosampler (e.g. CTC Analytics HTC PAL) 
Ł Triple Quadrupole HPLC-MS/MS Mass Spectrometer 

(e.g. Sciex instruments, API 4000 System) 
Ł Column (e.g. Hypercarb, 100 x 2.0 mm, 5 pm) 

3.1.2 Reagents and Supplies, 

Ł Acetone 
Ł Methanol 
Ł Formic acid 
Ł Ammonium hydrogen carbonate 
Ł ammonia solution 32% 
Ł Cationic resin (AG 50W-X8, 20-50 Meshs, hydrogen form) 
Ł GF/A filters (125 mm), 

Ł Polypro bottles (1000 mL, wide opening) 
Ł Polypro bottles (250 ml.., wide opening) 
Ł Polypro bottles (125 mL, wide opening) 
Ł Polypro bottles (60 mL, wide opening) 
Ł Polypro funnels (67mm) 
Ł Conical centrifuge tube (15 mL) 

(e.g. Pestipurf  SOS) 
(e.g. Pestipurf  SOS) 

(e.g. Analytical reagent f  Merck) 
(e.g. Normapurf  Merck) 
(e.g. Rectapur (K Merck) 

(e.g. Blo Rad) 
(e.g. Whatmari) 

(e.g. Nalgen) 
(e.g. Nalgen) 
(e.g. Nalgen) 
(e.g. Nalgen) 

(e.g. Marylands Plastics) 
(e.g. Merck) 
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Solvent for dilution : Water with 0.5 % HCOOH 
Ł Mobile phase solvent Water with 2 % HCOOH 

Methanol with 2 % HCOOH 
Ł ammonia buffer solution pour 500 mL of water in a 1000 mL volumetric flask, add 

5 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. 

2.1.3 Reference Item 
Only sufficiently characterised and certified item was used as reference item. 

13 The reference item was made available by Bayer CropScience GmbH produkt Analytik, G864, 
I ndustr’epark Hdchst, D-65926 Frankfurt-am-Main Germany, 

Table 30: Reference item data 

Name of Substance Batch Number Content 1%) Date of Expiry 

fosetyl-Al 12/1080 97.6 February 20, 2006 

phosphorous acid 04911 DN 96.2 March 0 2008 

i 2.1.4 Standard Solutions 
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, add 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 
mixed. 

Mixture solutions 
Pipette 5 mL of each stock solution using a class "A+’ pipette. Pour into a class ’A" 50 mL 

25 volumetric flask. Adjust volume with water, cap and mix by shaking (100 mg/L of each 
compound). Two different mixture solutions are prepared. 

Fortify inQstandard solutions 
By dilution in water of one of the mixture solution, which is also used as fortifying solution for 
recoveries at 10LOG level (100 mg/L of each compound), prepare the fortifying standard 

30 solution used for recoveries at LOO level (10 mg/L of each compound). 
Intermediate standard solution 

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 

LOO level 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 

5 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 pglL. 

Matrix matched standard solutions 

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

established using matrix matched standards in both sample materials. 

IC 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. 

Ł to avoid the use of standard laboratory glass consumable, which could bring some 

H3P03 contamination, the dilution of the control sample 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 
20 standard solutions. 

2.1.5 Stability of the standard solutions 

The stock solutions, stored protected from light in a refrigerator at around 5CC, were found to be 
25 stable for 9 months and a half. 

2.2 Residue Analytical Methodology. 
Some modifications compared to the original analytical method were introduced. 
The method modification 00974/MOOl presented in this report was validated in order to 

30 suppress the steps of derivatization, to change the analysis and detection modes and to 
decrease the Limit of Quantification (LOO) of original method 00974 from 0.100 mg/kg to 0.050 
mg/kg for each compound. 
Ł The Limit of Quantification was decreased from 0.100 mg/kg to 0.050 mg/kg for fosetyl-
Al and phosphorous acid. 
Ł The derivatization step was suppressed. 
Ł The quantification was carried out by LC/MS/MS instead of GCIFPD. 

All modifications 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. 

10 For recovery experiments, samples are fortified by adding the appropriate standard solution to 
the sample material 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. 
6 Do steps 2 to 4 a third time. 

20 7. Filtrate residual water and resin through two GF/A filters put in a polypropylene funnel 
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 

25 described above. 

Samplespreparion  
1. Weigh 20.0 g of homogeneous sample material into a 125 mL polypropylene bottle. 
Note: weight of the sample is used for residue calculation, as variable Weight Sample 

30 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 - 5C) for approx. 5 minutes. 
5. Pour about 100 g of acidified water with formic acid 0.5 % into a 250 mL polypropylene 
bottle previously weighted. 

s 6. Add the supernatant into the 250 mL polypropylene bottle. 
7 Add 33 mL of ammonia buffer solution on the bottom. 
8 Shake the sample using a rotary shaker for 30 minutes. 
9. Centrifuge the extract (3600 rpm - 5CC) 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 65), 

Note: weight of extract A is used for residue calculation, as variable Weight Extract  

s 12. Weigh 3.0 g of AG 50W-X5 resin previously washed into a conical centrifuge tube. 

13. Using a disposable glass pipette. transfer an aliquot of 5 mL of Extract A into the 

centrifuge tube. 

14. Shake the sample using a rotary shaker for 10 minutes. 

15. Centrifuge the sample (6000 rpm - ambient) for approx. 5 minutes the supernatant 

a 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 H3P03 peak shape. 

16. 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. 

.15 18. If necessary to dilute the Final Extract due to a concentration outside the calibration 
curve: use acidified water with formic acid 0.5 % 

2.3 Analysis and Instrument Conditions 

The final extracts are injected into a high performance liquid chromatograph and detected by 
oc 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 
listed 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. 

25 
2.3.1 HPLC Conditions 

Instrument: Binary pump Agilent 1100 

Autosampler: CTC Analytics HTS PAL 

Column: Hypercarb, 100 x 2.0 mm, 5 pm 

30 Precolumn: none 

injection Volume: 50 pL 

Coiumn temperature: ambient (about 25C) 

Mobile Phase: Isocratic mode: 55 I 45 (viv) Methanol + 2% formic acid / water + 2% formic 
acid 

35 Flow (Column): 200 pLlmin 
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Retention Times: about 3.1 min for phosphorous acid and 4.2 min for fosetyt-Al. 

Remarks 
5 Ł It is 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 can be observed. 
Ł Hypercarb precolumn must not be used. 
Ł 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%). 
10 Ł 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 H3P03 peak shape. 

2.3.2 MS/MS Conditions 
The experiments were performed on a triple-quadrupole mass spectrometer system, fitted with 

5 an electrospray interface operated in the negative ion mode under MRM (multiple reaction 
monitoring) conditions. 
For instance. 

Detector: Triple Quadrupole HPLC-MS/MS Mass Spectrometer, 

e.g. Sciex Instruments, API 4000 System 

20 Source: uS (Turbo Ion Spray) 

Temperature. 650CC 

Scan Type: MRM-Mode (Multiple Reaction Monitoring Mode) 

Polarity: Negative ion mode 

Gas Flows: Nebulization Gas Air (GS1): 40 
25 Turbo Gas Air (GS2): 60 

Curtain Gas N (CUR): 15 

Collision Gas N2 (CAD): 6 

Collision Energy: 

Precursor Ion Product Ion Dwell Time Collision Energy Compound 
I 01 Mass (amu) 1 03 Mass (arnu) (msec) (V) 
H 

Fosetyl-Al 109 81 200 -16 

Phosphorous acid 81 79 400  -22 

30 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 relative intensities. 
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Note: Some mass spectrometer conditions are instrument specific. The spectrometer 

conditic’s should be optimised by a competent operator prior to analysis. 

s Details on MSIMS and LC conditions are given in Appendix 8. 

The fragmentation pathways for the quantifier ions for fosetyl-Al and phosphorous acid are 
shown in Figure 1 and in Figure 2. 

i Figure 1: Proposed fragmentation pathway for fosetyl-Al 

loss of C2H4 
H3CC0--p-0 - HOŠP---O - 

2 H I 

15 

m/z109 m/z81 

Figure 2: Proposed fragmentation pathway for phosphorous acid 

0 
- loss of H2 - 

P03 

H 

mlz 81 ni/z 79 

23.3 Confirmato.r- transitions 

To confirm or exclude some interference or pollution in samples, the following transitions can be 
used in the same conditions described above 

Precursor Ion Production Dwell Time Collision Energy (V) 
Compound 

Qi Mass (amu) Q3 Mass (amu) (msec) 

fosetyl-Al 109 63 300 -38 

phosphorous acid 81 63 400 -38 

2C 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 fosetyl-Al 

I loss of C2H4 - 
P02 

H21 and H20 

mlz 109 mlz 63 

Figure 4: Proposed fragmentation pathway for phosphorous acid 

loss of H20 - 
H0ŠP-0 P02 

H 

5 
m/z81 m/z63 

Note : all recovery samples were also analysed using confirmatory transitions. The results are 
given in Appendix 9. 

2.4 Linearity of the Detector 
10 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 pg/L. 

is Table 32: Standard concentrations prepared for the determination of detector linearity. The 
concentration corresponding to the LOQ is is printed in bold figures. 

HPLC-MS/MS Standard Concentrations [pg/U 

fosetyl-Al 0.25 . 0.4 0.5 1 2.5 5 10 25 

phosphorous acid 0.25 0.4 0.5 1 2.5 5 10 25 

2.5 Storage Stability of Extracts 
The stability of sample extracts containing fosetyl-Al and phosphorous acid was not determined 

20 in this study. 

2.6 Calculation 
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2.6.1 Calculation of Residues 

Evaluation in this case is performed according to the external standardisation using standards 
prepared in solvent. 

S 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 lIx with least squares method. 

10 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 pg/L 

Ł15
 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 x Density- 1 x D 

1000 x 
Weightp.e 

where: 

20 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 
Extract  

: Weight of the extract A in g, here 2009 

25 Density -1 : 1 mL/g 

D : Dilution factor to obtain the Final Extract, here 10 
Weight Sample : Sample weight of analytical sample in g, here 20 g 

Remarks: 

30 The density of all solutions used during the sample preparation (ammonia buffer 
solution and H20 at 0.5% HCOOH) is considered equal to I independently to room 
temperature. This allows to convert the extract weight into extract volume. 

If it is necessary to express phosphorous acid in fosetyl-Al equivalent, the ratio of the 
molecular weight must be used 
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354.lg/mol 
Ratio 1.44 

(82.0x 3) g/mol 

because 1 mole fosetyl-Al (34.1g) gives 3 moles of phosphorous acid. 

PCT/EP2006/00 1-133 

2.6.2 Calculation of Recovery Rates 

The concentration of each compound in pg/L is determined for the recovery sample according 

to 2.61. 
The percent recovery rate is then calculated as follows 

Rec = CxIOO 

A 

where: Rec Recovered amount found in fortified sample in % 

C Concentration of fosetyl-Al or phosphorous acid found in the analysed extract in vigIL 

A : Fortified amount of fosetyl-Al or phosphorous acid in pgIL 

40 
10 26.3 Calculation of Relative Standard Deviation (RSD) 

The RSD is calculated as follows 

RSD (%) = S, D, / Mean Recovery x 100 % 

(ft - R: recovery 

SD=[ 112 

Rm mean recovery 
- 1 n : number of recoveries 

o 3 Results and Discussion 

3.1 Specificity and Selectivity 

The method allows the determination of fosetyl-Al and its metabolite (phosphorous acid) in soil 
samples. 

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

3.2 Apparent residues in Control Samples 
The method was validated using the two German soils Hefchen and Laacher Hof. 

25 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. 



\O 2006/0706 

95 

Complete soil characterisation is reported in the Appendix 10. 

Table 33: Soil Types 

PCTIEP2006/00 1433 

Soil Texture of Soil Organic Matter {%] 

Höfchen silt loam (USDA) 1.58 

Laacher Hof sandy loam (USDA) 2.06 

A residue level estimation in control samples was performed. The results are listed in Table 34. 
The apparent residues for all control samples were below 20% of the LOO for each compound, 
i.e. <0.01 mg/kg-

10 Table 34. Apparent residues in untreated control samples for fosetyl-AL and phosphorous 
acid 

Sample Material 
LOQ I Apparent residues 

[mg/kg] [mg/kg] 

i fosetyl-Al 
phospho- 

fosetyl-Al 
phospho-

rous acid rous acid 

Hdfchen 0.05 0.05 <10% LOQ <20% LOQ 

Laacher Hof 0.05 0.05 <10% LOQ <10% LOQ 

3.3 Linearity of the Detectors and Matrix Effects 

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 
concentrations between 0.25 and 25 pg/L. 
Experimental details can be found in Chapter 2.4, 
In each chromatogram, the measured peak area of fosetykAl or phosphorous acid is plotted 

20 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 
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The results of the determination of detector response for LC/MS/MS are summarised inTable 

S 35. 

Table 35: Summary of the determination of detector linearity for LC/MS/MS. 

phosphorous 
Detection Parameter fosetyl-Al 

acid 
H Ł-- - 

LC/MS/MS Linear range (i.igIL] 0.25-25 0.25-25 

No. of concentrations 7 or 8 7 or B 

No. of injections 1 1 
...........---... .... 

11x weighted 1/x weighted 
Model 

linear regression linear regression 

Correlation coefficient (R) 
0.9999 0.9996 

for standards prepared in solvent 

Correlation coefficient (R) 
>- 0.9997 0.9999 

r,,$’rjv rt-n.1 

An excellent linear correlation between the injected amount of the analytes and the detector 
responses of LC/MSIMS was observed for standards in the range of 0.25 to 25 ag/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 Level 

Measurement using 

Sample Material 
FL 

Number 

of Values 
Standards in pure Matrix matched 

mg/kg 
(n) 

solvent standards 

Mean [%] RSD [%] Mean 1%] RSD [%) 

0.05 5 72 2.7 81 3,5 
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Hofchen  
0.05 5 

[ 

72 2.7 81 3.8 

0.5 5 78 1.1 78 3.2 

Laacher Hof 
0,05 5 71 2.3 67 5.7 

-T-C 5 5 80 1.4 76 5.8 -

Table 37: Matrix effect evaluation for Phosphorous acid FL: Fortification Level 

Measurement using 
Number 

FL Standards in pure Matrix matched 
Sample Material 

[mg/kg] 
of Values 

solvent standards 
(n) 

Mean [%1 RSD [%] Mean [%] RSD [%] 

0.05 5 91 3.2 76 10.0 
Hiifchen 

0.5 5 85 2.3 77 3.9 

0.05 5 84 9.0 72 14.4 
Laacher Hof 

0.5 5 84 2.0 75 3.1 
- 

s 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 
io matched standards. 

For all these reasons, we advice to use standards prepared in solvents. 

3.4 Limit of Quantification and Recove.oLExperiments 
The limit of quantification (LOO) was defined as the lowest fortification level where a mean 

is recovery within the range of 70 to 110% and an RSD of 2 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. 

20 

3.5 RecoveUeS 
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 

Fortification Soil Single Values [%] Mean RSD 

mg/kgJ      

0.05 HOfchen 75 71 70 72 73 - 72 21 

0.05 1 Laacher Hof 70 72 71 74 70 71 2.3 

mean of all 0.05 mg/kg single values 72 2.4 

0.6 1 Höfchen 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 Hefchen samples 75 4.7 

mean of all Laacher Hof samples 76 6.0 

overall mean 75 5,3 

Table 39:Recovery rates obtained for Phosphorous acid, RSD: relative standard deviation 

Fortification 

[mg/kg 

Soil 

4- 
Single Values [%] Mean 

 (%) 

RSD 

[%) 

0.05 

0.05 

HOfchen 

Laacher Hot 

-. 

I 95 90 87 91 91 

98 80 82 81 81 

91 

84 

3.2 

9.0 

mean of all 0.05 mglkg single values 88 7.3 

0.5 

0.5 

Hófcheri 

Laacher Hof 

87 84 86 82 84 

54 83 84 83 87 

85 

84 

2.3 

2.0 

mean of all 0.5 mg/kg single values 84 2.0 

mean of all Hcifchen samples 88 4.6 

mean of all Laacher Hof samples 84 6.2 

overall mean 86 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. 

PCT/EP2006/00 1-133 

s Table 40: Summary of the recovery data for the determination of accuracy and repeatability; 

RSD: relative standard deviation 

Parameter Fosetyl-Al 
Phosphorous 

acid 

Number 

of values ri 

Single recoveries [%] 

Mean recoveries per fortification level [%] 

 70-81 

72-79 

80-98 

84-88 

20 

10 
Accuracy 

Mean recoveries per kind of soils 1%l 75-76 84-88 10 

Overall mean [%] 75 86 20 

RSD per fortification level [%] 1.5-2.4 2.0-7.3 10 

Repeatability RSD per kind of soils [%] 4,7-6.0 4.6-6.2 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 

10 phosphorous acid. All mean recoveries rates were in the range of 70 to 110 %. 
All RSD were well below 20 %-

4 Evaluation and. Discussion 

The presented residue analytical method modification 00974/M001 was validated for the 
is 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 extracted from the soil 
samples by shaking with ammonia buffer solution. This extract is then treated with a cationic 

20 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 lonisation. The quantification was done by an external standardisation using 
standards prepared in pure solvent. 

25 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 025 and 25 pgIL. The detector response was linear in these ranges. 

The occurrence of matrix effects was monitored 

- 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 

10 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 LOQ for each compound, 

is 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: 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. 

20 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%. 

25 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. 

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

Note i 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. 

35 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. 
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Before start of validation / measurements equipment I chemicals 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 

5 phosphorous acid. 

Appendix 7 
Flow Diagram of Residue Method 00974/MO0 1 

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 H3P03 contamination (<30% LOP-) 

coming from sample preparation isfouid 
(that is why disposable consumables are used) 

20.0 g of soil sample Into 125 niL polypropylene bottle 
(Add here 100 siL of theforlifying solution for LOQ recoveries 

or 100 uL of the fortifying solution for IOLOQ recoveries) 
+ 

30 niL of ammonia buffer solution 

Mechanical agitation (-30 minute.) at ambient temperature 

Centrfugation (-5 minutes at -3600rpm at -5°C) 

Bottom 
+ 30 ml of ammonia buffer solution Put the floating into a weighted 

disposable 250 niL polypropylene 
Mechanical agitation (-30 bottle where about 100 g of acidified

water at 0.5% formic acid were minutes) at ambient temperature already poured 
A 

Centrifugation 
(-5 minutes at -3600rpm at -5°C) >- Floating 

Make-up to 200 g with H20 at 0.5% HCOOH, 
using Pasteur pipette Extract A 

Weigh 3 g of washed AG 50 W-X8 resin Into a conical centrifuge tube 

Transfer about S niL of Extract A into this centrifuge tube, using disposable pipette 

Mechanic/ial agitation for -1 minutes at ambient temperature 

Then centrifuge ’-5 minutes at 6000 rpm - ambien): 
the supernatant obtained corresponds to Extract B 

Dilute JO ti,nes the extract B in 1120 -- 0.5% ycoog = Final Extract for LC/IvJSMS 

If necessary to dilute the Final Extract due to concentration outside the 
calibration curve : use 1120 + 0.5% HCooH 
Remark - means ’around’. 
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x8 
Details on LC-MS/MS conditions 

Comment: 
s Synchronization Mode: LC Sync 

Auto-Equilibration: Off 
Acquisition Duration: 1 

0mm 1 sec 
Number Of Scans: 455 
Periods In File: 1 

c Acquisition Module: Acquisition Method 
Software version Analyst 1.4 

MS Method Properties: 

s Period 1: 
--------------

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

20 
Period I Experiment 1: 

Scan Type: MRM (MRM) 
Polarity. Negative 

25 Scan Mode: N/A 
Ion Source: Turbo Spray 
Resolution 01: Unit 
Resolution 03: Unit 
Intensity Thres. :0.00 cps 

30 Settling Time: 0.0000 msec 
MR Pause: 5.0070 msec 
MCA: No 
Step Size: 0.00 amu 

35 Quantifier transions: 

PCT/EP2006IOUI 433 

01 Mass (amu) 03 Mass (amu) Dwell(msec) Param Start Stop 
80.90 78.90 400.00 DP -55.00 -55.00 
(phosphorous acid) CE -22,00 -22.00 

CXP -5.00 -5.00 
40 

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 -16.00 

CXP -1.00 -1.00 
45 

50 

55 

Confirmatory transitions: 
01 Mass (amu) 03 Mass (amu) 
80.90 62.90 
(phosphorous acid 

Qi Mass (amu) 03 Mass (amu) 
108.90 6290 
(fosetyl-Al) 

Dwell(msec) Param Start Stop 
400.00 DP -55.00 -55.00 

CE -38.00 -38.00 
CXP -1.00 -1.00 

Dwell(msec) Param Start Stop 
300.00 DP -45.00 -45.00 

CE -38.00 -38.00 
CXP -5.00 -5.00 

Parameter Table (Period 1 Experiment 1): 
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CAD: 6.00 
CUR: 15.00 
GS 1: 40.00 
GS2: 60.00 
TEM: 650.00 
he: ON 
IS: -4500.00 
EP -10.00 

Agilerit 1100 LC Pump Method Properties 

Pump Model: Agilent 1100 LC Binary Pump 
Minimum Pressure (psi): 0.0 
Maximum Pressure (psi): 5801.0 
Dead Volume (p1): 40.0 
Maximum Flow Ramp (mI/mm2): 100.0 
Maximum Pressure Ramp (psi/see): 290.0 
Step Table: 
Step Total Time(min) Flow Rate(pl/min) A(%) B (%) 
0 0.00 200 55.0 45,0 
1 10.00 200 55.0 45.0 
Left Compressibility: 50.0 
Right Compressibility: 115.0 
Left Dead Volume (p1): 40.0 
Right Dead Volume (pI): 40.0 
Left Stroke Volume (pI): -1.0 
Right Stroke Volume (pI): -1.0 
Left Solvent: Al (methanol + 2% formic acid) 
Right Solvent: B2 (water + 2% formic acid) 

CTC PAL Autosampler Method Properties: 

Loop Volumel (pi): 50 
Loop Volume2 (p1) 100 
Injection Volume (pI): 100.000 
Method Description: 

Syringe: 250u1 
Analyst LC-lnj 
Air Volume (pI) 0 
Pre Clean with Solvent 1 () 2 
Pre Clean with Solvent 2 () 1 
Pre Clean with Sample () 0 
Filling Speed (pIts) 50 
Filling Strokes () 0 
Inject to LCVIv1 
Injection Speed (pl/s) 50 
Pre Inject Delay (ms) 500 
Post Inject Delay (ms) 500 
Post Clean with Solvent 1 0 3 
Post Clean with Solvent 2 0 2 
Valve Clean With Solvent 1 () 2 
Valve Clean with Solvent 2 () 

PCT/1P2006/00 1433 
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Gas pressure Autosampler CTC Analytics 

HTS Pat (GLP n’ 1303) 

N2 4 bar Peltier rack 110 C  

Air_GS11GS.gas  7 bar Wash solvent I : 1-120 0.5%HCOOH 

Air Exhaust gas j 4 bar Wash solvent?: MeOH 

Pumps_  

Analytical L  pump :  

Bina _pump Agilent 1100 (GLP,n’ 1296): 

Al Methanol + 2% Formic Acid ?Valco valve used Column sector used 
82 = H20 + 2% Formic Acid  GLP no 1289 GLP n 1356 

Source 

GLP no 1291  

 

Probe TurbolonSpray 

 GLP no 128$ Pump for making -up solvent:  

Horizontal Position 7 (x axis) 

- -

 

Vertical osition - 

larexiL 1 mm 

Mass Spectrometer API 4000 

Device GLP n 1292  
Binary 2pumpAgilent 1100 (GLP n 1297):  

A2 = HO + 2% Formic Acid Column :Jat rooeerature 

82 = Acetonitrile  Precolumn none 

Column: SMAR 68-1 
Thermo Hypercarb 100 x 2.0mm 5iim 

1IT . 
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Apendix 9 
Results obtained with confirmatory transitions 

PCTJEP2006lO0 1433 

All results in Tables 41 and 42 have been obtained by using standards prepared in solvents. 

Table 41: Recovery rates obtained for Fosetyl-Al. RSD: relative standard deviation 

Fortification Soil - Single Values (%I Mean RSD 

0.05 l-lOfcheri 

0.05_J Laacher Hof 

77 73 72 76 

72 72 76 76 

74 

74 

74 

74 

2.8 

2.7 

mean of all 0.05 mg/kg single values 74 2.6 

0.5 

0.5 

Hdfchen 79 79 60 76 

Laacher Hof 60 80 79 79 

78 

81 

78 

80 

1.9 

1.0 

mean of all 0.5 mg/kg single values 79 1.7 

mean of all HOfchen samples 76 3.6 

mean of all Laacher Hof samples 77 4.4 

overall mean 77 3.9 

Table 42: Recovery rates obtained for Phosphorous acid, RSD: relative standard deviation 

Fortification Soil 

(mg/kg  

Single Values [%] 

   

Mean 

1%) 

RSD 

1%l 

0.05H61chen 

0.05 Laacher Hot 

92 67 65 87 85 

87 75 78 73 79 

87 

78 

3,3 

6.8 

mean of all 0.05 mg/kg single values 83 7.4 

0.5 

0.5 

HOfchen 

Laacher Hof 

86 85 85 81 84 

83 83 83 82 86 

84 

83 

2.3 

1.8 

mean of all 0.5 mg/kg single values 84 2.0 - - - 

mean of all Hdfchen samples 86 3.3 

mean of all Laacher Hof samples 
- 81 5.6 

overall mean 
- 83 5.3 

All results obtained above with confirmatory transition comply with European requirements. 
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x10 
Soil characterisation 

Soil Hbfchen 

PCT/EP2006/00 1433 

Soil Hofchen, plot 4011 0-30cm soil layer 

pH (in CaC(2 solution) 6.7 

pH (in H20) 7,4 

Organic Carbon [%1 0.92 

Organic Matter %] 158 

Cation Exchange Capacity 12.4 

[meq / 1009 dri soil 

max. Water Holding Capacity 39.4 

[g /100 g dry soil] 

Textural Description according to 

USDA 

Fraction %} 

Clay 19.4 

(<0.002 mm) 

Silt 76.3 

(0.002-0.050 mm) 

Sand 4.3 

.050-2.000 mm) 

Soil type: silt loam 

Organic matter = Organic carbon x 1.72 

im 
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Soil Laacher Hof, plot 712/718: 

pH (in Cad2 solution) 

pH (in H20) 

Organic Carbon °J 

Organic Matter [%] * 

Cation Exchange Capacity 

meq /100 g dry soil] 

max. Water Holding Capacity 

[g 1100 g dry soil] 

107 

Soil Laacher Hof 

0-30 cm soil layer 

6.8 

7.4 

1.20 

2.06 

9.8 

Textural Description according to 

USDA 

Fraction %] 

Clay 12.0 

(<0.002 mm) 

Silt 18.3 
(0.002-0,050 mm) 

Sand 69.7 
1(0.050-2.000 mm) 

Soil type: sandy loam 

* Organic matter = Organic carbon x 1.72 

37.9 

PCT/EP2006/00 1433 
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CLAIMS 

1. Method for analyzing one or more pesticidal compounds present in amounts of 
less than or equal to 000005 mg/kg of a sample, 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 (MSIMS). 

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. 

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. 

2 5. Method according to any one 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 blood 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 6, 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)Jtandem 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 000005 mg/kg. 

5 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 mg/kg. 

10 

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 B 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 

is than or equal to 1 mg/kg of a plant tissue sample, comprising the following steps: 
- preparation of the plant tissue 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). 

20 

14. Method of analysis according to Claim 13, for the analysis of amounts of less than 
Ł or equal to 0.01 mg/kg. 

15. Method of analysis according to either of Claims 13 and 14, for the analysis of 
25 amounts of less than or equal to 0.00 1 mg/kg. 

30 

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 
35 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 (H PLC)/taridem mass spectrometry (MS/MS). 
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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 to 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 
15 than or equal to 0.1 mg/m3 of an air sample, comprising the following steps: 

preparation of the sample; 
Ł optional dilution of the sample prepared; 
- direct analysis of the optionally diluted sample by high performance 
liquid chromatography (HPLC)/tandem mass spectrometry (MS/MS). 

20 

24 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 0.01 Mg/M3 of 
sample. 

25 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 
30 trapping. 

27. Method for analyzing one or more pesticidal compounds present in amounts of less 
than or equal to 0 00005 mg/kg of a sample of a human body fluid, comprising the 
following steps. 

35 - preparation of the sample; 
- optional dilution of the sample prepared 
- direct analysis of the optionally diluted sample by high performance 
liquid chromatography (HPLC)/tanderi, mass spectrometry (MS/MS). 
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28. 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 0000005 mg/kg of 
sample. 

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: 

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). 

20 32. Method of analysis according to Claim 31, for the analysis of amounts of less than 
or equal to 0.01 mg/kg. 

25 

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 mglkg. 

34. Method according to any one of Claims 31 to 33, for which the sample 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 
30 extraction of the animal products or tissues. 

36. Method according to any one of Claims 13 to 17, for which the plant tissues are 
replaced with converted agrofood products. 

35 37. Method according 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-regulating compounds. 

5 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 
ID 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 aqueous solvent, which may be acidified, or in an organic solvent, which may be 
acidified, or in a mixture of such solvents. 

45. Method according to Claim 44, for which the aqueous solvent comprises an acid 
chosen from formic acid, acetic acid or trifluoroacetic acid, or the organic solvent is 
chosen from acetonitrile or methanol. 

LI 
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METODO PARA ANALIZAR EL ACIDO FOSFOROSO, EL FOSETIL-AL, 

0 AMBOS SIMULTANEAMENTE. 

DESCRIPCION 

La presente irivenciOn se refiere al Æmbito del anªlisis  de compuestos plaguicidas. 

5 Tales mØtodos son (itiles para monitorizar el comportamiento de tales compuestos plaguicidas 

una vez que se han aplicado, y tales mØtodos son tamblØn ütiles durante los procedimentos de 

autoridad de la mercadotecnia para tales compuestos plaguicidas. 

Los compuestos que se pueden analizar por medlo del mØtodo de anØlisis de acuerdo 

con Ia invención son compuestos que son Utiles para la protecciOn de las plantas y tambiØn 

10 algunos de los compuestos que son metabolitos de esos compuestos biologicamente activos. 

Algunos de estos metabolitos tambiØn pueden mostrar actividades biologicas. 

Se conocen mØtodos para analizar los compuestos plaguicidas. En particular, se 

conoce un mØtodo analitico para determinar los residuos de fosetil-Al y su principal metabolito, 

el âcido  fosforoso, en el agua potable o en las aguas superficiales. 

. 15 Tal mØtodo utiliza (trimetilsilil)diazometano (TMSD) como un agente para obtener 

derivados. 

Generalmente, tal mØtodo comprende las etapas siguientes: 

- Concentraciôn  de muestras de agua; 

- DerivaciOn con (trimetilsilil)diazometano de una alIcuota de la muestra 

20 concentrada (sustitución de un ªtomo  de hidrOgeno con un grupo metilo); 

Purificación de la muestra derivada mediante el reparto liquido-liquido 

con diclorometano. 

El anØlisis se Ileva a cabo mediante cromatografia de gases en una columna 

semicapilar por medio de un detector fotomØtrico de llama (FPD) en el modo fosforoso y la 

25 cuantificaciOn utiliza como referenda estÆndares externos. TambiØn es posible utilizar un 

detector termoiônico.  

Este conocido mØtodo se Ileva a cabo de acuerdo con el esquema 1 siguiente: 



5 

10 

iI 

20 

2 

ol 

0 
P I H II 

CH3ŠCH2-0ŠP-0 Al 3 CIOH0ŠPŠC 

H I H 
13 

Fosetil-Al 

0 
0 TMSD II 

CH3ŠCH2----OŠ--OH CH3ŠCH2-0ŠPŠo-
H Formación de 

derivados H 

M t ii et i Ifosfo nato 

0 0 II 
TMSD Ii HOŠP ŠOH  CH Š0ŠP-0--

H FormaciOn de H 
Acido fosforoso d riva dos 

Dimetilfosfonato 

ŁCH:3 

+AP 

Con este mØtodo, los Ilmites de detecciOn (los LDb) son los siguierites: 

- Para el fosetil-Al: 

- 0,05 pg/I pare el ague potable (ague corriente o mineral); 

- 0,05 hg/I pare las aguas superficiales (ague de rio); 

- Pare el Æcido fosforoso: 

- 0,7 gIl pare el ague potable (ague corriente o mineral); 

- 2,5 h9/I pare las aguas superficiales (aqua de rio). 

Con este mØtodo, los Ilmites de cuantificaciOn (los LDC) son los siguientes: 

- Pare el fosetil-Al: 

- 0,1 tg/l pare el ague potable (ague corriente o mineral); 

- I Mg/I pare las aguas superficiales (ague de rio); 

- Pare el Æcido fosforoso: 

- 2,0 g/l pare el agua potable (ague corriente o mineral); 

- 4,0 gIl pare las aguas superficiales (ague de rio). 

Este conocido mØtodo de anlisis se he utilizado pare los sustratos siguien es: ague 

mineral, ague corriente 
y 

ague del rio Rôdano.  Se he validado el mØtodo de an’lisis pare 

diversos tipos de ague P01 medio del anØlisis de muestras de control sin tratar enriqu cidas en 

fosetil-Al 
y 

en Æcido fosforoso haste los limites de cuantificaciOn y haste 10 veces estot lImites. 

El anâlisis  de estas muestras enriquecidas ofrece unos valores de tasas de 

recuperaciOn pare el fosetil-Al o pare el âcido  fosforoso que son comparables a I s valores 

teOricos esperados. 



Como otro conocido mØtodo de anlisis, se debe mencionar un mØtodo para analizar 

los residuos de fosetikAl o de Æcido fosforoso presentes en los suelos tornados en Chazay 

d’Azergues (Francia), en Goch (Alemania) y en Sevilla (Espana). 

Este mØtodo por si tambiØn utiliza (trimetil-silil)diazo-metano. TambiØn se Ileva a cabo 

5 de acuerdo con el esquema 1. 

En el trascurso de este mØtodo, los residuos de fosetil-Al y de Æcido fosforoso se 

extraen de muestras de suelos mediante agitación 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 intercamblo iOnico y se evapora el agua de las muestras. Finalmente, los 

10 extractos obtenidos se derivan mediante la acciOri del (trimetilsilil)diazometano. 

Posteriormente, se Ileva a cabo la cuantificaciOn mediante cromatografia de gases en 

una columna semicapilar con un detector fotomØtrico de llama (en el modo fosforoso) con un 

estªndar  externo. 

El limite de cuantificaciôn  (LDC) de este mØtodo es de 0,100 mg/kg para cada uno de 

’15
 los compuestos. 

- Las muestras de control se enriquecieron en fosetil-Al o en Æcido fosforoso hasta el 

limite de cuantificaciOn y tambiØn por encima 100 veces este limite. 

Otro mØtodo conocido para analizar residuos se refiere al anÆlisis de los residuos de 

fosetil-Al y de âcido  fosforoso en muestras vegetales, obtenidas de frutas y de vegetales. 

20 Este mØtodo tambiØn utiliza el (trimetilsilil)diazometano. TambiØn se Ileva a cabo de 

acuerdo con el esquema 1. 

En el transcurso de este mØtodo, los residuos de fosetil-Al y de Øcido fosforoso se 

extraen de las muestras vegetales mollØndolas en una mezcla de agua y acetonitrilo. 

Posteriormente, los extractos se purifican con un cartucho C18 y, luego, se obtienen derivados 

25 mediante la acción del (trimetilsilil)diazometano. 

Posteriormente, se Ileva a cabo la cuantificaciOn mediante cromatografia de gases en 

una columna semicapilar con un detector fotomØtrico de llama (en el modo fosforoso) con un 

estÆndar externo. 

El limite de cuantificaciOn de este conocido mØtodo es de 0,50 mg/kg para cada uno de 

30 los productos, con la excepciOn del lUpulo, para el cual este limite es de 2,0 mg/kg para el 

fosetil-Al y de 20,0 mg/kg para el âcido  fosforoso. 

Este mØtodo 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. 

35 Otro mØtodo conocido para analizar residuos se reuiere al anÆlisis de los residuos de 

fosetil-Al o de âcido  fosforoso en tejidos de animales o en productos de origen animal, como la 

leche, Ia carne vacuria, los riæones vacunos, el higado vacuno o los huevos, 
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De acuerdo con este estudlo, los residuos de los compuestos a analizar se Extraen de 

las muestras mediante una doble molienda en una mezcla de agua/acetonitrilo (50)50, 20/80 

para la leche). 

Posteriormente, se purifica una alicuota del extracto por medio de un cart cho C18 

(excepto para la leche), Posteriormente, del extracto purificado se obtienen derivado3 con una 

disoluciOn de TMSD. 

Este mØtodo de anÆlisis tambiØn sigue el esquema 1. 

La cuantificaciOn se Ileva a cabo mediante cromatgrafia de gases en una Co umna DB 

Wax con un detector fotomØtrico de llama en el modo fosfdroso. 

Los limites de cuantificación son los siguientes: 

- 0,50 mg/kg para el fosetil-Al y el cido fosforoso en la came acuna, el 

riæOn vacuno, el higado vacuno y los huevos; 

- 0,10 mg/kg para el fosetil-Al y el ÆCidofosforoso en la leche. 

Para este mØtodo, se prepararon y se analizaron muestras de control sin tr tar, junto 

con muestras enriquecidas hasta el limite de cuantificaciön y tambiØn hasta varias eces por 

encima de este limite. 

Los mØtodos conocidos de anØlisis que se acaban de mencionar cu plen las 

disposiciones de la directriz europea n.°  46 de 1996 (9I46IEC de 16 de Julio de 1996), en 

particular con respecto a las caracterIsticas siguientes: 

- Para cada uno de los sustratos y cada nivel: 

- La media de las tasas de recuperación debe estar entre el 70% y el 

110%; 

- La repetibilidad, expresada como un coeficiente de 

(proporcion de la desviación estÆndar a I la media de la muestr2 

expresada como un porcentaje) debe ser, a 10 sumo, el 20 %. 

- Para cada uno de los sustratos, el coeficiente de vari 

(incluidos todos los niveles) debe ser, a 10 sumo, Ol 20 %. 

Otro mØtodo para analizar el fosetil-Al se describe en un articulo titul 

determination of fosetyl-Al residues in lettuce by liquid chromatography/electrospr 

mass spectrometry(Hernªndez  et al., Journal of AOAC International, Vol. 86, n.°.  4, 2’ 

El mØtodo descrito se refiere a Ia cuantificaciOn de los residuos de fosetil 

muestras vegetales que se obtienen de las lechugas. El mØtodo requiere una 

consiste en la extracciOn con agua por medio de un mezcldor de gran velocidad, sec 

inyecciOn de un extracto diluido 5 veces en una cromatogrfia de fase liquida. 

Por lo tanto, el fosetil-Al se cuantifica mediante una cromatografia liquida 

una espectrometria de masas en tandem por eIectropulveizaciOn despuØs de aæadir 

tetrabutilamonio como un agente de emparejamiento iOnico. 
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