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1. Participants

	Benešová, Karolina
	State Phytosanitary Administration

Dept of Chem. Laboratories

Zemědělská 1A

613 00 Brno

Czech Republic

	Benke, Lajos
	Agricultural Office of County Fejér
Plant Protection and Soil Conservation Directorate

2481-Velence, Ország út 23
Hungary

	Dardemann, Jörg Dr.
	StählerTec Deutschland GmbH & Co. KG

Stader Elbstraße 26-28

21683 Stade

Deutschland

	Dubois Alain Dr.
	Laboratoire fédéral pour la Sécurité alimentaire - AFSCA

Rue Boumal, 5

B-4000 LIEGE

	Flubacher, Martin
	Syngenta Crop Protection Münchwilen AG

Analytical Development & Product Chemistry

Martin Flubacher 

Im Breitenloh 

CH-4333 Münchwilen

Schweiz

	Garvey, Jim Dr.
	Pesticida Control Laboratory

Department of Agriculture, Food and Fisheries

Backweston Laboratory Campus

Celbridge

Co. Kildare

Ireland

	Iurascu, Teodora
	Central Laboratory for Phytosanitary Quarantine
11 Afumati ST, 

Bucharest

Romania

	Janeš , Lucija
	Kmetijski inštitut Slovenije

Agricultural Institute of Slovenia

Hacquetova 17, 1000 Ljubljana

Slovenia

	Jivkova, Nikolinka
	Central Laboratory for Chemical Testing and Control

National Plant Protection Service

Sofia
Bulgaria

	Krongaard, Teddy
	Department of Atmospheric Environment 

National Environmental Research Institute 

University of Aarhus 

Frederiksborgvej 399 

P.O. 358 

DK-4000 Roskilde 

Denmark

	Kim, Sungwoo Dr.
	Pesticide Safety Division

National Institute of Agricultural Science & Technology

Rural Development Administration

249 Seodun-dong, Suwon, 441-707

Republic of Korea


	Luetrakool, Nunchana
	Agricultural ProdustionScience Research Dev. Office

Department of Agriculture 

Phaholyothin Rd. Lardyao, Chatuchak 

Bangkok 

Thailand 10900

	Manso, Luis
	Lab Arbitral Agroalimentario

Ministerio de Agricultura, 

Pesca y Alimentación Ctra. 

A-6. PK 10, 700. Aravaca

28023 Madrid

Spain

	Marais Susan
	Pesticide Analytical Technology cc

Apple Leaf Office Park 6

Corner of Veda & Montana Street

Montana Park

Pretoria

South Africa

	Plumb, Andrew
	Food Science Group

Central Science Laboratory

Sand Hutton

York YO41 1LZ

UK

	Rodríguez García, Alejandro
	Laboratorio Agroalimentario. Sevilla

C/ Bergantín, 39

41012 Sevilla

España

	Santilio, Angela Dr.
	National Institute of Health (Istituto Superiore di Sanità)

Department of Environment and Primary Prevention

Pesticide Unit
00161 Rome
Italy

	Unterweger, Heidrun
	AGES Wien

CC Rückstandsanalytik

Ing. Heidrun Unterweger

Spargelfeldstarße 191

A-1226 Wien

Österreich

	Vinke, Claudia Dr.
	Federal Office of Consumer Protection and Food Safety

Dept. Plant Protection Products

Messeweg 11/12

D-38104 Braunschweig
Deutschland


Participants are listed in alphabetical sequence, lab numbers in the result tables were assigned in order of receiving the confirmation to participate on the collaborative study.
2. Active Ingredient, General Information
Chemical Abstracts Name:
2-pyrimidinamine, 4-cyclopropyl-6-methyl-N-phenyl-
ISO common name:

Cyprodinil
CAS-Nr.:  


121552-61-2
Structure:
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Molecular mass: 

225.3
Empirical formula:

C14H15N3
Activity:  


Fungicide
3. Samples
In January 2008, Information Sheet No. 278 was sent out by the CIPAC Secretary inviting members to participate in a collaborative study on the determination of Cyprodinil by HPLC in technical grade active ingredient (TGAI) and in formulation.
The participants who completed the study are listed in section 1.
Five test samples and one analytical standard were sent to the participants:  

1.
Cyprodinil Tech1
2. Cyprodinil Tech2

3. KAYAK 300 EC
4. UNIX 75 WG
5. CHORUS 50 WG
Cyprodinil analytical standard, 99.9 % (w/w) purity.

By end of April 2008, 19 of 20 respondents had returned their results.

4. Method

4.1 Scope

Determination of the content of cyprodinil in technical grade active ingredient and in formulations.

4.2 Principle

Cyprodinil is determined by reversed phase high performance liquid chromatography (HPLC) using a Nucleosil 5μm C18 column and UV detection at 254 nm. Quantification is by external standardization.
4.3 Procedure

Each sample was analyzed by four independent determinations. Each sample was analyzed by duplicate injections of two independent weighings on each of two different days. On the second day, both reference and test solutions were freshly prepared. For the calculation of the response factor the mean of the response factor (double injection) before and after the sample was used (bracketing). For the calculation of the content of a sample, the mean value of the duplicate injections was used.
5. Remarks of the Participants
Several participants made comments about the performance of the method and noted deviations from the method:
	Laboratory  1
	Column: Phenomenex Luna C18/2 100A, 250 x 4.6 mm, flow 1.5 ml/min.

	Laboratory  2
	Column temperature set to 30°C to keep constant analytical conditions (retention time), because ambient temperature in laboratory changed during the day.
pH of the 1% v/v of the trifluoro acetic acid determined by pH-meter was 1.11.

	Laboratory  3
	Column: Agilent Eclipse XDB-C18, 5 µm, 4.6 x 150 mm

	Laboratory  4
	Column: Nucleodur C18

	Laboratory  5
	Peak tailing was observed in both the standards and the samples. Diameter of column was 4.6 mm.

Method was easy to follow and very straightforward.

	Laboratory  6
	No comments

	Laboratory  7
	Column: Merck KGaA, LichroCART, Superspher 60, RP-select B, 250 x 4 mm

	Laboratory  8
	Inertsil ODS-2, 4.6 x 250 mm

	Laboratory  9
	Good peak shape. Good repeatability.
It seems if the worksheet formula did not compensate for the density of the EC formulation. The final result for the EC formulation is thus m/m and not m/v.

I prefer to grind a granular formulation to a fine powder before weighing the sample into a volumetric flask. This will give better repeatability. (In the case of this study, I followed the prescribed procedure, without grinding.)

Flow rate was reduced from 1.2 ml/min to 1.0 ml/min and a shorter column of 150 x 4.6 mm (Zorbax Eclipse XDB-C18) was used.

	Laboratory 10
	On day 2 the retention time of the cyprodinil in a couple of injections drifted slightly (approx. 0.1 of a minute). This was observed in the second injection of Tech 2(a) and the first injection of 75 WG(b). This resulted in larger peak areas.

	Laboratory 11
	Due to normal laboratory practice the samples of Chorus WG and Unix WG were crushed in a mortar.

	Laboratory 12
	Peak shape OK. Timesaving and uncomplicated Method.

	Laboratory 13
	No comments

	Laboratory 14
	No comments

	Laboratory 15
	Column: Phenomenex Luna C18, 250 x 4.6 mm

	Laboratory 16
	Column is different (4 micrometers, 3.9 x 150 mm), so the retention time is shorter. Equilibration time is approximately one hour.

With 1% aqueous trifluoroacetic acid the pH is about 1.2, and the limited range of the pH for the column is 2. With 0.05% TFA the pH is 2.25. (We have chosen this pH because cyprodinil pKa is 4.4).

	Laboratory 17
	A 150 mm liquid chromatographic column was used.

A 0.20µm filter was used to clear the suspension of the EC and WG formulation.

	Laboratory 18
	Flow rate: 1.0 ml/min.

	Laboratory 19
	We did a little bit change of the mobile phase: We decreased the amount of the TFAA in water – 0.5% instead of 1%, because pH was very low and we were afraid for the column. It was made 1.8.

Column: Merck, Purospher star C18 endcapped, LiCroCART 250-4.6, 5 µm.


6. Evaluation and Discussion
6.1 Screening for valid data

The data obtained from each laboratory were reviewed to determine if there had been any significant deviations which might have affected the analytical results.
Some labs (nos.3, 9, 16, 17) used shorter columns (150 mm) and some labs (nos.16, 19) changed the 1% TFAA to 0.5% in the mobile phase. These changes as well as other small deviations noted by the participants were not expected to affect the analytical results.

Visual examination of the chromatograms showed, that no problems had been experienced during the analysis – whether an alteration had been made or not.

Therefore it was decided to take the data of all laboratories for the statistical evaluation.
6.2 Analysis of Data
Results reported by the laboratories and the statistical evaluation are listed in tables 1-3 and displayed in figures 1-5.
The statistical evaluation of the data was performed following the “Guidelines for CIPAC Collaborative Study Procedures for Assessment of Performance of Analytical Methods”, according to DIN ISO 5725. The data were examined for outliers and strugglers using Cochran’s test on the within-lab variance, followed by Grubb’s test on the lab means (between lab variance), and iterating where necessary. The tests were performed at an alpha level of 0.01 for outlier, and 0.05 for struggler.
Based on this procedure, the Cochran variance homogeneity test identified one outlier each for the Tech2 (Lab 16) and the Chorus WP50 formulation (Lab 12). Nevertheless the results of these outliers have been used for the calculations in table 3.
The Grubb’s test on the lab means identified one outlier each for the Tech1 (Lab 19), Kayak 300 EC (Lab 2), Unix 75WG (Lab 2) and Chorus 50 WG (Lab 2). Two outliers were identified for Tech2 (Lab 16 and 19). For Kayak 300 EC also a struggler (Lab16) was identified.
Evaluation of RSD according to the Horwitz criteria showed that the repeatability is within the accepted range without elimination of any of the outliers or strugglers.
6.3 Determination of Cyprodinil – with indication of outliers / strugglers

Table 1 Individual Results – all values in g/kg


	 
	Cyprodinil 
tech I
	Cyprodinil 
tech II
	KAYAK 300 EC
	UNIX 75 WG
	CHORUS 50WG

	 
	Day1
	Day2
	Day1
	Day2
	Day1
	Day2
	Day1
	Day2
	Day1
	Day2

	Laboratory 1
	985.2
	986.9
	983.2
	987.0
	297.6
	295.2
	749.1
	748.7
	501.7
	501.4

	Laboratory 2
	987.7
	990.7
	990.1
	992.0
	286.6
	284.3
	716.7
	719.6
	479.5
	483.6

	Laboratory 3
	998.1
	990.1
	995.1
	993.9
	296.6
	296.6
	752.0
	749.9
	507.1
	508.6

	Laboratory 4
	997.1
	995.3
	996.5
	997.5
	292.5
	295.2
	744.4
	745.8
	499.3
	502.0

	Laboratory 5
	994.4
	1002.6
	996.0
	1000.4
	297.2
	299.2
	741.9
	742.7
	502.2
	491.6

	Laboratory 6
	991.2
	991.5
	992.0
	998.4
	298.2
	299.7
	749.6
	750.4
	500.4
	504.3

	Laboratory 7
	991.5
	981.9
	988.9
	998.7
	292.8
	293.4
	738.9
	736.3
	498.0
	498.5

	Laboratory 8
	992.8
	987.9
	995.9
	989.8
	294.9
	296.2
	741.2
	741.9
	496.9
	498.3

	Laboratory 9
	994.4
	996.0
	992.4
	989.4
	297.8
	293.3
	754.0
	750.0
	502.6
	507.8

	Laboratory 10
	986.4
	984.9
	984.8
	998.0
	296.9
	301.9
	742.3
	767.6
	500.7
	502.7

	Laboratory 11
	1002.2
	994.8
	991.5
	998.1
	294.1
	296.3
	751.6
	744.9
	498.8
	504.9

	Laboratory 12
	985.3
	1009.6
	987.0
	1009.8
	298.4
	281.7
	728.5
	755.7
	491.8*
	521.5*

	Laboratory 13
	992.4
	992.1
	993.7
	993.3
	292.5
	292.8
	748.2
	741.9
	514.2
	515.6

	Laboratory 14
	994.2
	995.9
	996.9
	999.9
	295.4
	290.7
	748.8
	746.0
	500.6
	501.9

	Laboratory 15
	990.0
	1000.4
	985.8
	999.7
	293.1
	298.8
	740.1
	751.7
	500.1
	500.9

	Laboratory 16
	992.0
	998.5
	944.0*
	1006.0*
	294.2
	312.6
	752.2
	747.0
	506.4
	503.9

	Laboratory 17
	999.4
	1000.1
	999.4
	998.7
	295.1
	296.4
	744.5
	743.1
	500.3
	504.3

	Laboratory 18
	1009.4
	990.4
	1008.7
	992.4
	300.0
	295.7
	733.3
	748.1
	502.5
	502.1

	Laboratory 19
	974.5
	969.3
	973.8
	959.7
	295.4
	290.7
	746.3
	740.5
	492.7
	490.6


* Cochran outlier
Table 2 Mean values
	
	Cyprodinil - tech I
	Cyprodinil - tech II
	KAYAK 300 EC
	UNIX 75 WG
	CHORUS 50WG

	Laboratory 1
	986.1
	985.1
	296.4
	748.9
	501.6

	Laboratory 2
	989.2
	991.1
	285.5*
	718.2*
	481.6*

	Laboratory 3
	994.1
	994.5
	296.6
	751.0
	507.9

	Laboratory 4
	996.2
	997.0
	293.9
	745.1
	500.7

	Laboratory 5
	998.5
	998.2
	298.2
	742.3
	496.9

	Laboratory 6
	991.4
	995.2
	299.0
	750.0
	502.4

	Laboratory 7
	986.7
	993.8
	293.1
	737.6
	498.3

	Laboratory 8
	990.4
	992.9
	295.6
	741.6
	497.6

	Laboratory 9
	995.2
	990.9
	295.6
	752.0
	505.2

	Laboratory 10
	985.7
	991.4
	299.4
	755.0
	501.7

	Laboratory 11
	998.5
	994.8
	295.2
	748.3
	501.9

	Laboratory 12
	997.5
	998.4
	290.1
	742.1
	506.7

	Laboratory 13
	992.3
	993.5
	292.7
	745.1
	514.9

	Laboratory 14
	995.1
	998.4
	293.1
	747.4
	501.3

	Laboratory 15
	995.2
	992.8
	296.0
	745.9
	500.5

	Laboratory 16
	995.3
	975.0*
	303.4**
	749.6
	505.2

	Laboratory 17
	999.8
	999.1
	295.8
	743.8
	502.3

	Laboratory 18
	999.9
	1000.6
	297.9
	740.7
	502.3

	Laboratory 19
	971.9*
	966.8*
	293.1
	743.4
	491.7

	Overall Mean
	992.6
	992.1
	295.3
	744.6
	501.1


* Grubbs outlier
** Grubbs struggler

Table 3
Summary of the statistical evaluation - no elimination of any outliers / strugglers
	
	Cyprodinil Tech 1
	Cyprodinil Tech 2
	KAYAK 300 EC
	UNIX 75 WG
	CHORUS 50 WG

	
	
	
	
	
	

	Xm [g/kg]
	992.6
	992.1
	295.5
	744.6
	501.1

	L
	19
	19
	19
	19
	19

	Sr
	6.19
	12.00
	4.50
	7.12
	5.47

	SL
	6.42
	8.18
	3.74
	7.67
	6.67

	SR
	8.92
	14.52
	5.85
	10.47
	8.63

	r
	17.32
	33.60
	12.60
	19.94
	15.32

	R
	24.97
	40.66
	16.39
	29.31
	24.15

	RSDr
	0.62
	1.21
	1.52
	0.96
	1.09

	RSDR
	0.90
	1.46
	1.98
	1.41
	1.72

	RSDR(Hor)
	2.00
	2.00
	2.40
	2.09
	2.22


Horwitz limits fulfilled for all test samples

xm

=
overall sample mean

L

=
number of laboratories

sr 

=
repeatability standard deviation

RSDr

=
relative repeatability standard deviation

r

=
repeatability limit 

sR

=
reproducibility standard deviation

RSDR

=
relative reproducibility standard deviation

R

=
reproducibility limit

sL

=
“pure” between laboratory standard deviation

RSDR(Hor)
=
relative reproducibility standard deviation (Horwitz equation) 

7. Conclusions

In this collaborative study 19 different laboratories out of 20 original respondents participated and returned results. One laboratory did not send results within the required timescale.

The results from all participants have been included in the calculations, including the outliers and strugglers.

As shown in the statistical summary given in Table 3, for all samples the between laboratory experimental relative reproducibility standard deviation (% RSDR) is well below the calculated acceptable value (% RSDR (Hor)) based on the Horwitz curve calculation.

Therefore we consider this method to be suitable without further changes and recommend accepting it as a provisional CIPAC method for the determination of Cyprodinil in TGAI and formulations WP and EC.
8. Appendix 1: Graphical Presentation of Results
Figure 1: Cyprodinil Tech1
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Figure 2: Cyprodinil Tech2
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Figure  3: KAYAK 300EC
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Figure 4: UNIX 75WG
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Figure 5: CHORUS 50WG
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