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II.
INTRODUCTION
Common Name:
Haloxyfop-P-Methyl
CIPAC Number:
526
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Chemical name
(+)-2-[4-[[3-chloro-5-(trifluoromethyl)‑2‑pyridinyl]oxy]phenoxy] propanoic acid methyl ester (CA; 72619‑32‑0)
Empirical formula
C16H13ClF3NO4
RMM
375.7
b.p.
> 280 (C

v.p.
2.6 × 10-5 Pa at 20 (C

Solubility
In water: 9.08 mg/l at 20 (C

In most organic solvents:  >1000 g/l at 20 (C
Description
Light amber, viscous liquid
Stability
Unstable in alkaline conditions
Formulations
Emulsifiable Concentrates (EC)

An analytical method for quantifying haloxyfop-P-methyl in technical material and EC formulations was developed and validated by Dow AgroSciences in 2007.  Following the successful pilot trial conducted in 2007 by members of the UK-PAC, participation in a full collaborative trial was requested in October 2007 as announced through CIPAC Information Sheet No. 276.  A protocol, data spreadsheet, MSDS, samples and standards were shipped to fifteen respondents. All fifteen participants completed the study (Section I) and provided results presented in this report.
III.
SAMPLES AND STANDARDS
The following samples and standards were sent to the participants in December 2007.
	Sample Identification
	Batch Identification
	Dow AgroSciences
Test Substance Number
	Lot Number
	Concentration
/Purity

	Haloxyfop-P-Methyl Technical (TC)
	TC1
	TSN106096
	VA08150101
	969 g/kg 1

	Haloxyfop-P-Methyl Technical (TC)
	TC2
	TSN106097
	VA09150101
	969 g/kg 1

	EC1 Formulation
	EC1
	TSN106098
	C1540-45-A
	36 g/kg 1

	EC2 Formulation
	EC2
	TSN105767
	UF22150109
	105 g/kg 1

	EC3 Formulation
	EC3
	TSN106099
	13-OCT-06-06
	469 g/kg 1

	EC1 Formulation Blank
	(
	TSN106101
	C1540-45-B
	(

	EC2 Formulation Blank
	(
	TSN106100
	E2147-55
	(

	EC3 Formulation Blank
	(
	TSN106102
	195-95-A
	(

	Haloxyfop-P-Methyl Analytical Standard
	(
	TSN102596
	F0868-19
	97.7% 2
1.4% 3

	Haloxyfop Methyl Racemic Standard
	(
	AGR229637
	ACPR 95-1
	99.6%


1
Nominal concentration of haloxyfop-P-methyl
2
Purity as R-enantiomer.  Chemical purity (R+S) = 99.1%, optical purity (R/R+S) = 98.6%.  Purity, 97.7% = 0.991 ( 0.986 ( 100%
3
Purity as S-enantiomer.  Chemical purity (R+S) = 99.1%, optical purity (S/R+S) = 1.4%.  Purity, 1.4% = 0.991 ( 0.014 ( 100%

IV.
ANALYTICAL METHOD
1.
Scope

The method is applicable to the determination of haloxyfop-P-methyl in technical grade active ingredient and EC formulations.  The method has been validated over the range of 27 to 567 g/kg of haloxyfop-P-methyl in EC formulations.

2.
Outline of Method
An aliquot of the sample is diluted in a mixture of heptane and isopropanol and analyzed by normal phase HPLC using a Chiralcel OK column and ultraviolet (UV) detection at 280 nm.  Quantitation is by external standardization based on peak areas.

3.
Procedure
Two calibration standard solutions and two sample solutions of TC1, TC2, EC1, EC2, and EC3 were prepared on each day of analysis.  Samples were analyzed in duplicate on two days.  Prior to sample analyses on day 1, the mobile phase and formulation blanks were analyzed to evaluate interferences with haloxyfop-P-methyl and the racemic standard was analyzed to confirm appropriate resolution between enantiomers (R ( 1.5).  Prior to each day’s analyses, equilibration of the HPLC system was verified by comparison of peak areas between duplicate injections of a calibration standard solution.  Accurate preparation of the calibration standard solutions was confirmed by comparison of response factors.  Analytical standard, racemic standard, and TC samples were weighed into bottles and 50 mL of heptane – propan-2-ol, 80 + 20 (v/v), was added.  EC formulations and formulation blanks were weighed directly into 50‑mL volumetric flasks and dissolved in heptane – propan-2-ol, 80 + 20 (v/v).  Representative chromatograms of standards and samples are presented in Figure 1.
V.
REMARKS OF THE PARTICIPANTS
1.
Modifications to the Analytical Conditions
With a few exceptions noted below, all of the laboratories performed the analyses following the analytical conditions described in the study protocol.

	
	Column
	Column Temp.
	Mobile Phase
	Flow Rate
	Detection
	Injection Volume

	Protocol
Conditions
	Chiralcel OK

4.6 × 250 mm

10 µm particles
	25(C
	Heptane –

propan-2-ol –

methanol,

85 + 5 + 10 (v/v);
	1.8 mL/min.
	UV

λ=280 nm
	10 µL

	Lab 4
	Same
	Same
	Same
	1.1 mL/min.
	Same
	Same

	Lab 6
	Same
	Same
	Same
	1.5 mL/min.
	Same
	Same

	Lab 11
	Same
	Same
	Same
	1.5 mL/min.1
	Same
	20 µL


1
Although column backpressure was normal at 1.8 mL/min., flow rate was reduced to avoid leakage from the detector during analysis.  

2.
Modifications to the Preparation of Calibration and Sample Solutions

The amount of analytical standard and EC formulations weighed was reduced by the following laboratories.  The volume was correspondingly reduced so that the concentration of haloxyfop-P-methyl was consistent with a sample prepared following the method.

Lab 2:
The weight and volume for all calibration and sample solutions were halved.

Lab 8:
The weight and volume for EC1 formulation, day 2, replicate 2 was reduced by 1/5.

Lab 11:
The weight and volume for all calibration and sample solutions except EC3 formulation were halved.

Lab 14:
The weight and volume for all calibration and sample solutions were halved.
The amount of EC1 formulation blank provided to the laboratories was inadvertently less than required.  Since this occurred only for the EC1 formulation blank and would not compromise the results of the collaborative study, it was suggested to prepare the EC1 formulation blank solution by halving both the weight and volume for the solution. 
3.
General Remarks on Performance of the Method
Lab 2:
Sample EC3 showed an interference peak occurring between the two enantiomer peaks.

Lab 4:
We utilized a new Chiralcel column off the shelf.  We observed an intense yellow color in the eluant prepared as in the method. The color faded somewhat in the course of the analyses, but remained clearly visible. We assume that the unspecific light absorption increased the noise of the UV detector but apparently did not affect both chromatographic resolution and quantitative results. In case other labs also made the same observation, we recommend to add a note accordingly. 

The enantioselective HPLC-column seems to be quite slow in reaching equilibrium with the mobile phase. We achieved stable conditions only after overnight equilibration with the proper eluant and proper flow.

If these rules are kept in mind, the method is easy to use and reliable.

With the lower flow rate, we observed a better resolution of the additional small peak in the EC3 formulation eluting between R and S haloxyfop-methyl respectively. The blank EC3 formulation did not show this peak.

According to the instruction manual for Chiralcel OK columns, the maximum flow rate should not exceed the pressure upper's limit of 50 bar and the flow rate should not exceed 1.5ml/min. Therefore we used a flow rate of 1.1ml/min (pressure 42 bar). The retention times were longer in comparison with the protocol specification. We expanded the run time to 18min to compensate the lower flow rate. The chromatographic resolution still met the requirements of the instruction.

Lab 7:
Method could be implemented without any problems.

Lab 10:
First day was measured lower areas of standard then second day.  We think it was due to bad weighing of standard which is honey consistence.  When we were weighing standard second day we have to wash down standard many times with smaller amounts of solvent. We also think that 50 mL of solvent isn’t enough for quantitative transfer of this type consistence.  We wanted repeat analyses of technical compound and EC3 formulation 3rd day but we haven’t enough amount of analytical standard for duplicate weigh. We weighed standard for 3rd day once and we compared him with duplicate standards weighted for determination 2nd day. The areas of standards of second and third day correspond also areas of samples of first, second and third day correspond and for that reason I’m sure that the higher content of Haloxyfop-P-methyl is caused because of bad weight of standards.


I think we could avoid these problems with bad weighed standard if we did calibration curve before we started measuring. But for this procedure we haven’t enough amount of standard. We could see that standard is out of calibration curve.


I recommend bigger volume of solvent for quantitative transfer of standards and formulation from funnel or weighing bottle to volumetric flask especially for standards and technical compound which are honey consistence and keep at the surface. That can be reason why measured areas were lower.

Lab 15:
Retention time drifts backwards about half minutes in second day.

VI.
RESULTS AND DISCUSSION
1.
Method Performance 
Prior to this collaborative study and the pilot scale study, the analytical method was validated for appropriate accuracy, precision, linearity, and specificity.  During the collaborative study, specificity was evaluated to confirm that each column and system provided adequate separation of sample components.  The racemic standard and EC formulation blanks were used for this purpose, and each of the laboratories reported no interferences with haloxyfop-P-methyl.  Each laboratory also reported acceptable resolution of the S‑enantiomer from haloxyfop-P-methyl (R (1.5) as required by the study protocol.
The response factors obtained for two consecutive injections of a calibration solution differed by less than 1.0% for all laboratories on each day indicating that the systems were properly equilibrated prior to each day’s analysis.  The response factor for the second calibration solution did not deviate by more than 1.7% from that for the first calibration solution suggesting that the laboratories correctly prepared the calibration solutions.  Although the response factors for the day 1 calibration solutions from laboratory 10 were within 0.5% of each other, comments and results from the laboratory suggest that both calibration solutions were invalid.

2.
Outliers and Stragglers
Fifteen sample sets were distributed, and results from each of the fifteen laboratories were obtained.  Laboratory data are presented in Tables I-II and are graphically presented in Figures 2-3.  The statistical evaluations for outlying results were completed according to “CIPAC Guidelines for Collaborative Study Procedures for Assessment of Performance of Analytical Methods” and ISO 5725‑2:1994(E).  Outliers and stragglers were determined using Cochran’s test and Grubb’s test.  An outlying result was considered a straggler if the test statistic exceeded the critical value at (=5% and was considered an outlier if the test statistic exceeded the critical value at (=1%.  Cochran’s test outliers were removed first and the statistical evaluation was repeated.  If there were no Cochran’s test outliers after re-evaluation, Grubb’s test outliers were removed.  Following the CIPAC guidelines, data from only 3 of 15 laboratories could be removed without exceeding the 22% (2 of 9) limit.  Outliers and stragglers are presented in the following table and discussed below.
Summary of Outliers and Stragglers by Laboratory and Batch

	Test Sample
	Technical
	EC Formulation

	Batch
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	EC2
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TC1.  The maximum variance (lab 10) was an outlier by Cochran’s test (Table Ia).  Following removal of lab 10, statistical evaluation was repeated, and the maximum variance (lab 4) was a straggler by Cochran’s test.  No other data were removed.
TC2.  The maximum variance and concentration (lab 10) were outliers by Cochran’s and Grubb’s test, respectively (Table Ib).  Following removal of lab 10, statistical evaluation was repeated, and the maximum variance (lab 7) was an outlier by Cochran’s test.  Following removal of lab 7, statistical evaluation was repeated, and the maximum variance (lab 2) was an outlier by Cochran’s test.  Following removal of lab 2, statistical evaluation was repeated, and the maximum variance (lab 11) was a straggler by Cochran’s test.
EC1.  The maximum variance (lab 13) was an outlier by Cochran’s test and the minimum concentration (lab 6) was a straggler by Grubbs’ test (Table IIa).  Following removal of lab 13, statistical evaluation was repeated, and the minimum concentration (lab 6) was an outlier by Grubb’s test.  Following removal of lab 6, statistical evaluation was repeated, and the maximum variance and concentration (lab 10) were stragglers by Cochran’s and Grubb’s tests, respectively.
EC2.  The maximum variance (lab 12) was a straggler by Cochran’s test (Table IIb).  No data were removed.
EC3.  The maximum variance (lab 10) was an outlier by Cochran’s test (Table IIc). Following removal of lab 10, statistical evaluation was repeated, and no other outliers or stragglers were found.
3.
Repeatability and Reproducibility

Statistical evaluation for repeatability and reproducibility is presented in Table III.  Before removal of outliers, the reproducibility relative standard deviations (RSDR) were 1.3%, 1.3%, 3.1%, 2.5%, and 1.7% for TC1, TC2, EC1, EC2, and EC3, respectively, and were each less than the Horwitz RSDR (Table IIIa).  Removal of outliers from TC1, TC2, EC1, and EC3 reduced the RSDR to 0.7%, 0.7%, 1.9%, and 1.4%, respectively (Table IIIb).  After outliers were removed, all RSDR were well below the Horwitz RSDR.  With the exception of laboratory 10 where the day 1 calibration solutions are suspected to be invalid, justification for rejection of outliers could not be identified.
Repeatability relative standard deviation (RSDr) values were less than the Horwitz RSDR before and after outlier removal, indicating a generally high level of repeatability within each laboratory.  

4.
Discussion

The between-laboratory reproducibility, RSDR, was less than the Horwitz RSDR for each of the five batches of technical and EC formulations when all data were included in the statistical evaluation indicating that the method is reliable and robust.
VII. CONCLUSIONS

Based on the relative standard deviation results, the method can provide acceptable reproducibility and repeatability according to the Horwitz equation.  Therefore, it is recommended that the method be accepted as provisional CIPAC method.  
TABLE I.
Results Summary by Laboratory ( Haloxyfop-P-Methyl Technical
A.  Technical Batch 1

	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	980
	972
	975
	978
	976.2
	3.4
	4.2

	2
	963
	978
	969
	967
	969.5
	6.4
	-2.5

	3
	980
	972
	972
	966
	972.6
	5.8
	0.5

	4
	978
	976
	974
	974
	975.6
	1.9
	3.6

	5
	963
	964
	963
	959
	962.2
	2.2
	-9.8

	6
	970
	970
	971
	971
	970.6
	0.9
	-1.5

	7
	963
	950
	961
	975
	962.3
	10.0*2
	-9.7

	8
	977
	977
	974
	974
	975.8
	1.9
	3.7

	9
	973
	975
	973
	973
	973.6
	0.9
	1.6

	10
	1033
	1028
	978
	968
	1001.9
	33.6**1
	29.9**1

	11
	970
	959
	953
	971
	963.1
	8.8
	-8.9

	12
	962
	965
	963
	960
	962.7
	2.3
	-9.3

	13
	978
	973
	976
	976
	975.7
	2.4
	3.7

	14
	976
	969
	980
	970
	974.0
	5.2
	1.9

	15
	969
	965
	959
	965
	964.6
	4.1
	-7.4

	Mean
	
	
	
	
	972.0
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is a straggler after data from lab 10 is removed.
B.  Technical Batch 2
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	970
	980
	972
	974
	973.9
	4.0
	1.1

	2
	975
	978
	948
	973
	968.6
	13.7**1,3
	-4.2

	3
	970
	972
	969
	969
	969.9
	1.2
	-2.9

	4
	980
	981
	979
	980
	980.3
	0.9
	7.5

	5
	964
	966
	962
	965
	964.3
	1.9
	-8.5

	6
	969
	969
	972
	970
	970.1
	1.5
	-2.7

	7
	993
	993
	960
	970
	979.0
	16.3**1,2
	6.2

	8
	976
	978
	973
	965
	973.0
	5.8
	0.2

	9
	972
	971
	975
	971
	972.2
	1.9
	-0.6

	10
	1038
	1008
	976
	974
	998.9
	30.5**1
	26.1**1

	11
	969
	988
	974
	967
	974.4
	9.6*4
	1.6

	12
	962
	968
	970
	965
	966.1
	3.2
	-6.7

	13
	977
	976
	972
	972
	974.2
	2.9
	1.4

	14
	975
	967
	963
	956
	965.3
	7.7
	-7.5

	15
	961
	958
	968
	963
	962.1
	4.2
	-10.7

	Mean
	
	
	
	
	972.8
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is an outlier after data from lab 10 is removed.

3 Value is an outlier after data from labs 10 and 7 are removed.


4 Value is a straggler after data from labs 10, 7, and 2 are removed.

TABLE II.
Results Summary by Laboratory ( Haloxyfop-P-Methyl EC Formulations
A.  EC Formulation 1

	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	36.2
	36.1
	36.2
	36.6
	36.28
	0.20
	0.21

	2
	35.9
	36.2
	36.5
	36.0
	36.15
	0.25
	0.08

	3
	36.1
	36.1
	36.3
	36.1
	36.15
	0.09
	0.08

	4
	36.7
	36.4
	36.4
	36.7
	36.55
	0.18
	0.48

	5
	36.0
	35.7
	35.9
	35.9
	35.87
	0.11
	-0.20

	6
	33.6
	33.4
	33.6
	33.5
	33.54
	0.09
	-2.53**1,2

	7
	36.7
	37.4
	36.0
	36.4
	36.62
	0.61
	0.55

	8
	36.2
	36.1
	36.5
	37.0
	36.43
	0.43
	0.36

	9
	37.0
	36.3
	35.0
	35.3
	35.92
	0.91
	-0.15

	10
	38.9
	38.3
	36.4
	36.5
	37.54
	1.24*3
	1.47*3

	11
	35.9
	37.5
	35.6
	35.9
	36.22
	0.89
	0.15

	12
	35.0
	35.9
	36.7
	36.3
	35.96
	0.72
	-0.11

	13
	36.4
	36.2
	33.8
	33.0
	34.85
	1.71**1
	-1.22

	14
	37.1
	37.0
	37.1
	36.7
	36.98
	0.18
	0.91

	15
	36.1
	35.5
	36.3
	36.1
	35.99
	0.37
	-0.08

	Mean
	
	
	
	
	36.07
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is an outlier after data from lab 13 is removed.


3 Value is a straggler after data from labs 13 and 6 are removed.
B.  EC Formulation 2
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	106
	104
	106
	106
	105.7
	1.0
	0.2

	2
	105
	106
	106
	106
	105.9
	0.5
	0.4

	3
	106
	106
	106
	106
	106.1
	0.2
	0.7

	4
	108
	108
	107
	107
	107.5
	0.7
	2.0

	5
	105
	105
	104
	105
	104.7
	0.4
	-0.8

	6
	103
	102
	102
	102
	102.1
	0.6
	-3.4

	7
	106
	110
	106
	107
	107.1
	1.7
	1.6

	8
	105
	105
	106
	106
	105.4
	0.7
	0.0

	9
	108
	107
	107
	107
	106.9
	0.5
	1.5

	10
	113
	111
	106
	106
	109.2
	3.7
	3.7

	11
	105
	108
	110
	104
	107.0
	2.5
	1.5

	12
	106
	100
	103
	110
	104.7
	4.2*
	-0.8

	13
	106
	102
	98.5
	102
	102.0
	3.0
	-3.4

	14
	106
	105
	102
	100
	103.2
	3.1
	-2.3

	15
	105
	104
	105
	105
	104.9
	0.7
	-0.6

	Mean
	
	
	
	
	105.5
	
	


* Straggler
** Outlier
TABLE II (Cont.).
Results Summary by Laboratory ( Haloxyfop-P-Methyl EC Formulations

C.  EC Formulation 3
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	455
	451
	572 1
	463
	456.2
	6.0
	-5.8

	2
	462
	459
	457
	459
	459.1
	2.0
	-2.9

	3
	462
	460
	462
	462
	461.7
	1.0
	-0.2

	4
	469
	466
	464
	468
	466.6
	2.5
	4.7

	5
	461
	458
	458
	456
	458.0
	2.0
	-4.0

	6
	461
	460
	462
	461
	460.8
	0.9
	-1.2

	7
	472
	470
	466
	470
	469.6
	2.7
	7.6

	8
	461
	464
	463
	462
	462.4
	1.3
	0.4

	9
	464
	462
	464
	460
	462.7
	1.7
	0.7

	10
	490
	485
	460
	465
	475.2
	14.7**2
	13.2

	11
	445
	447
	457
	453
	450.4
	5.6
	-11.6

	12
	451
	451
	458
	458
	454.5
	4.5
	-7.5

	13
	470
	463
	460
	461
	463.7
	4.4
	1.8

	14
	471
	468
	474
	467
	470.0
	3.0
	8.0

	15
	461
	455
	464
	455
	458.7
	4.6
	-3.3

	Mean
	
	
	
	
	462.0
	
	


* Straggler
1 Rejected as an outlier.
** Outlier
2 Value(s) removed for re-evaluation of reproducibility and repeatability.
TABLE III.
Summary of Statistical Evaluation of the Collaborative Study Data
A.  No Test Results Removed
	
	
	Technical Batches
	EC Formulations

	Batch Number
	
	TC1
	TC2
	EC1
	EC2
	EC3

	Mean (x)
	972.0
	972.8
	36.07
	105.5
	462.0

	Standard Deviation (sx)
	9.9
	8.9
	0.91
	2.0
	6.5

	Laboratory Data Removed
	None
	None
	None
	None
	None

	Number of Labs (L)
	15
	15
	15
	15
	15

	Number of Analyses per Lab and Batch (n)
	4
	4
	4
	4
	4

	sr
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	13.1
	12.7
	1.10
	2.7
	7.8

	r
	sr*2.8
	27.7
	29.2
	1.98
	5.7
	14.1

	R
	sR*2.8
	36.7
	35.5
	3.08
	7.4
	21.8

	RSDr
	sr/x*100%
	1.0%
	1.1%
	2.0%
	1.9%
	1.1%

	RSDR
	sR/x*100%
	1.3%
	1.3%
	3.1%
	2.5%
	1.7%

	RSDR(Horwitz)
	2(1-0.5log(Mean/100))
	2.0%
	2.0%
	3.3%
	2.8%
	2.2%


B.  Outliers Removed

	
	
	Technical Batches
	EC Formulations

	Batch Number
	
	TC1
	TC2
	EC1
	EC2
	EC3

	Mean (x)
	970.5
	970.5
	36.36
	105.5
	461.0

	Standard Deviation (sx)
	5.5
	5.2
	0.48
	2.0
	5.5

	Laboratory Data Removed
	Labs 7, 10
	Labs 2, 7, 10
	Labs 6, 13
	None
	Lab 10

	Number of Labs (L)
	13
	12
	13
	15
	14

	Number of Analyses per Lab and Batch (n)
	4
	4
	4
	4
	4

	sr
	
	4.2
	4.6
	0.59
	2.0
	3.4

	sL
	
	5.0
	4.7
	0.38
	1.7
	5.2

	sR
	
	6.6
	6.6
	0.70
	2.7
	6.3

	r
	sr*2.8
	11.8
	12.8
	1.66
	5.7
	9.6

	R
	sR*2.8
	18.4
	18.4
	1.96
	7.4
	17.6

	RSDr
	sr/x*100%
	0.4%
	0.5%
	1.6%
	1.9%
	0.7%

	RSDR
	sR/x*100%
	0.7%
	0.7%
	1.9%
	2.5%
	1.4%

	RSDR(Horwitz)
	2(1-0.5log(Mean/100))
	2.0%
	2.0%
	3.3%
	2.8%
	2.2%


FIGURE 1.
Representative Chromatograms of Standard and Sample Solutions

A.   Representative Chromatogram for Haloxyfop Methyl Racemic Standard
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B.   Representative Chromatogram for Haloxyfop-P-Methyl Calibration Standard Solution
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FIGURE 1 (Cont.).
Representative Chromatograms of Standard and Sample Solutions

C.   Representative Chromatogram for a TC Sample
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D.   Representative Chromatogram for EC1 Formulation
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FIGURE 1 (Cont.).
Representative Chromatograms of Standard and Sample Solutions

E.   Representative Chromatogram for EC2 Formulation
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F.   Representative Chromatogram for EC3 Formulation
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FIGURE 2.
Graphical Presentation of Data ( Haloxyfop-P-Methyl Technical
	Technical

Batch 1

(TC1)
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FIGURE 3.
Graphical Presentation of Data ( Haloxyfop-P-Methyl EC Formulations 

	EC1 Formulation


	[image: image10.emf]32

33

34

35

36

37

38

39

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Laboratory No.

Haloxyfop-P-Methyl Content (g/kg)

Minimum Maximum Mean

Total

Mean



	EC2 Formulation 
	[image: image11.emf]95

97

99

101

103

105

107

109

111

113

115

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Laboratory No.

Haloxyfop-P-Methyl Content (g/kg)

Minimum Maximum Mean

Total

Mean




FIGURE 3 (Cont.).
Graphical Presentation of Data ( Haloxyfop-P-Methyl EC Formulations
	EC3 Formulation
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Appendix (
Supplemental Data: Collaborative Study Results and Statistical Analysis for Haloxyfop-methyl S-Enantiomer.
Following presentation of the pilot trial results in June 2007, CIPAC requested collection of data on the S-enantiomer.  Collection of the S-enantiomer data was accomplished by requesting the laboratories in the collaborative study to integrate the S-enantiomer peak in all standard and samples solutions.   The haloxyfop-P-methyl analytical standard, Dow AgroSciences test substance number TSN102596, for which the content of S‑enantiomer was known, was used as the calibration standard.  The results were tabulated and statistical evaluation was performed in the same manner as for the R-enantiomer.  While the analytical method was validated for the R‑enantiomer including resolution from the S-enantiomer, the method was not validated for quantifying the S-enantiomer. Therefore, the data on the following pages is considered supplemental and should be used with caution.

TABLE IV.
Results Summary by Laboratory ( S-Enantiomer in Haloxfop-P-Methyl Technical
A.  Technical Batch 1

	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	7.2
	7.2
	7.1
	7.2
	7.2
	0.06
	-0.55

	2
	7.5
	7.7
	7.7
	7.6
	7.6
	0.10
	-0.08

	3
	7.5
	7.5
	7.5
	7.5
	7.5
	0.01
	-0.22

	4
	7.7
	7.7
	7.7
	7.7
	7.7
	0.01
	0.00

	5
	6.9
	7.5
	7.4
	6.9
	7.2
	0.32
	-0.53

	6
	7.6
	7.6
	7.6
	7.6
	7.6
	0.02
	-0.12

	7
	7.9
	9.1
	8.8
	7.2
	8.2
	0.87
	0.53

	8
	8.1
	8.5
	8.3
	8.4
	8.3
	0.14
	0.61

	9
	7.1
	7.1
	7.1
	7.1
	7.1
	0.04
	-0.59

	10
	9.4
	9.7
	8.1
	8.3
	8.9
	0.79
	1.17

	11
	7.5
	7.4
	7.4
	7.4
	7.4
	0.02
	-0.26

	12
	11.7
	7.8
	7.5
	7.5
	8.6
	2.03**1
	0.94

	13
	7.8
	7.6
	7.2
	7.3
	7.4
	0.28
	-0.26

	14
	10.4
	9.3
	9.5
	9.5
	9.7
	0.47
	1.97

	15
	5.6
	5.8
	3.8
	5.1
	5.1
	0.90*2
	-2.61

	Mean
	
	
	
	
	7.7
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is a straggler after data from lab 12 are removed.
B.  Technical Batch 2
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	7.5
	7.6
	7.4
	7.2
	7.5
	0.17
	-0.68

	2
	7.5
	8.0
	7.8
	8.0
	7.8
	0.24
	-0.29

	3
	7.9
	7.9
	7.8
	7.9
	7.9
	0.04
	-0.25

	4
	8.1
	8.0
	8.1
	8.1
	8.1
	0.04
	-0.03

	5
	7.2
	7.3
	7.6
	8.3
	7.6
	0.52
	-0.51

	6
	7.9
	7.9
	8.0
	8.0
	7.9
	0.03
	-0.18

	7
	10.0
	10.0
	9.2
	9.7
	9.7
	0.37
	1.60

	8
	8.8
	8.6
	8.6
	8.8
	8.7
	0.10
	0.56

	9
	7.6
	7.6
	7.6
	7.5
	7.5
	0.03
	-0.58

	10
	9.7
	9.4
	8.4
	8.7
	9.0
	0.60*2
	0.92

	11
	7.9
	8.3
	7.8
	7.7
	7.9
	0.27
	-0.21

	12
	8.8
	8.1
	7.9
	8.0
	8.2
	0.40
	0.08

	13
	7.8
	8.0
	7.7
	7.8
	7.8
	0.14
	-0.31

	14
	9.5
	9.6
	9.7
	9.9
	9.7
	0.18
	1.56

	15
	5.6
	6.5
	5.5
	8.1
	6.4
	1.20**1
	-1.70

	Mean
	
	
	
	
	8.1
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is an outlier after data from lab 15 are removed.

TABLE V.
Results Summary by Laboratory ( S-Enantiomer in Haloxyfop-P-Methyl EC Formulations

A.  EC Formulation 1

	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	0.28
	0.28
	0.28
	0.28
	0.28
	0.002
	-0.014

	2
	0.28
	0.30
	0.30
	0.30
	0.29
	0.009
	0.000

	3
	0.29
	0.29
	0.29
	0.29
	0.29
	0.002
	-0.003

	4
	0.30
	0.30
	0.30
	0.30
	0.30
	0.003
	0.005

	5
	0.27
	0.27
	0.27
	0.27
	0.27
	0.003
	-0.024

	6
	0.27
	0.27
	0.27
	0.27
	0.27
	0.003
	-0.024

	7
	0.37
	0.37
	0.28
	0.35
	0.34
	0.042**1,2
	0.049*

	8
	0.29
	0.28
	0.26
	0.32
	0.29
	0.028*3
	-0.006

	9
	0.27
	0.27
	0.27
	0.28
	0.27
	0.003
	-0.023

	10
	0.29
	0.30
	0.30
	0.32
	0.30
	0.011
	0.008

	11
	0.29
	0.32
	0.29
	0.29
	0.30
	0.013
	0.003

	12
	0.27
	0.28
	0.29
	0.29
	0.28
	0.010
	-0.010

	13
	0.30
	0.29
	0.27
	0.26
	0.28
	0.017
	-0.014

	14
	0.36
	0.37
	0.40
	0.45
	0.39
	0.043*
	0.101**1

	15
	0.22
	0.27
	0.23
	0.27
	0.25
	0.026
	-0.048

	Mean
	
	
	
	
	0.29
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is an outlier after data from lab 14 are removed.


3 Value is a straggler after data from labs 14 and 7 are removed.
B.  EC Formulation 2
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	0.93
	0.89
	0.94
	0.95
	0.93
	0.03
	-0.02

	2
	0.90
	0.98
	0.99
	0.99
	0.96
	0.04
	0.01

	3
	1.01
	0.96
	0.97
	0.96
	0.97
	0.02
	0.02

	4
	1.00
	1.00
	1.01
	1.00
	1.00
	0.00
	0.05

	5
	0.91
	0.87
	0.90
	0.89
	0.89
	0.02
	-0.06

	6
	0.94
	0.95
	0.94
	0.95
	0.95
	0.01
	-0.01

	7
	1.07
	1.08
	0.99
	0.83
	0.99
	0.12
	0.04

	8
	0.67
	0.71
	0.84
	0.94
	0.79
	0.12
	-0.16*

	9
	0.97
	1.01
	0.99
	1.00
	0.99
	0.02
	0.04

	10
	1.19
	1.03
	0.95
	0.95
	1.03
	0.12
	0.08

	11
	0.99
	0.99
	1.09
	0.95
	1.01
	0.06
	0.05

	12
	1.16
	0.99
	0.90
	0.97
	1.01
	0.11
	0.05

	13
	1.02
	0.94
	0.90
	0.92
	0.95
	0.05
	-0.01

	14
	0.89
	0.76
	0.84
	1.07
	0.89
	0.13
	-0.06

	15
	0.92
	0.90
	0.95
	0.95
	0.93
	0.02
	-0.02

	Mean
	
	
	
	
	0.95
	
	


* Straggler
** Outlier
TABLE V (Cont.).
Results Summary by Laboratory ( S-Enantiomer in Haloxyfop-P-Methyl EC Formulations

C.  EC Formulation 3
	 
	Mean Concentration (g/kg)
	Standard

Deviation
	Mean

Deviation

	
	Day 1
	Day 2
	
	
	

	Laboratory
	Rep. 1
	Rep. 2
	Rep. 1
	Rep. 2
	Overall
	(s)
	(d)

	
	
	
	
	
	
	
	

	1
	2.5
	2.2
	3.0
	2.5
	2.5
	0.34*
	-2.33

	2
	5.5
	5.3
	5.4
	5.6
	5.4
	0.11
	0.57

	3
	5.6
	5.6
	5.7
	5.7
	5.6
	0.06
	0.78

	4
	3.8
	3.8
	3.9
	3.9
	3.9
	0.02
	-1.02

	5
	4.9
	4.7
	4.8
	4.7
	4.8
	0.06
	-0.10

	6
	5.3
	5.4
	5.6
	5.7
	5.5
	0.16
	0.64

	7
	6.1
	6.3
	5.9
	5.9
	6.0
	0.19
	1.17

	8
	4.5
	4.5
	4.6
	4.7
	4.6
	0.13
	-0.29

	9
	5.6
	5.6
	5.6
	5.6
	5.6
	0.03
	0.75

	10
	5.6
	5.1
	5.0
	4.9
	5.1
	0.30
	0.25

	11
	4.2
	4.1
	4.2
	4.3
	4.2
	0.09
	-0.67

	12
	6.1
	9.0
	5.2
	4.6
	6.2
	1.97**1
	1.36

	13
	2.8
	2.8
	2.8
	2.8
	2.8
	0.01
	-2.04

	14
	5.2
	5.3
	5.4
	5.6
	5.4
	0.17
	0.54

	15
	5.0
	5.4
	5.2
	5.3
	5.2
	0.15
	0.36

	Mean
	
	
	
	
	4.9
	
	


* Straggler
1 Value(s) removed for re-evaluation of reproducibility and repeatability.
** Outlier
2 Value is a straggler after data from lab 12 are removed.

TABLE VI.
Summary of Statistical Evaluation of the Collaborative Study Data ( S-Enantiomer
A.  No Test Results Removed

	
	
	Technical Batches
	EC Formulations

	Batch Number
	
	TC1
	TC2
	EC1
	EC2
	EC3

	Mean (x)
	7.7
	8.1
	0.29
	0.95
	4.9

	Standard Deviation (sx)
	1.03
	0.86
	0.035
	0.061
	1.09

	Laboratory Data Removed
	None
	None
	None
	None
	None

	Number of Labs (L)
	15
	15
	15
	15
	15

	Number of Analyses per Lab and Batch (n)
	4
	4
	4
	4
	4

	sr
	
	0.67
	0.42
	0.020
	0.074
	0.53

	sL
	
	0.97
	0.84
	0.034
	0.049
	1.06

	sR
	
	1.18
	0.93
	0.039
	0.089
	1.19

	r
	sr*2.8
	1.88
	1.16
	0.055
	0.208
	1.49

	R
	sR*2.8
	3.30
	2.61
	0.109
	0.249
	3.33

	RSDr
	sr/x*100%
	8.7%
	5.1%
	6.7%
	7.8%
	10.9%

	RSDR
	sR/x*100%
	15.3%
	11.5%
	13.2%
	9.3%
	24.4%

	RSDR(Horwitz)
	2(1-0.5log(Mean/100))
	4.2%
	4.1%
	6.8%
	5.7%
	4.5%


B.  Outliers Removed

	
	
	Technical Batches
	EC Formulations

	Batch Number
	
	TC1
	TC2
	EC1
	EC2
	EC3

	Mean (x)
	7.6
	8.2
	0.28
	0.95
	4.8

	Standard Deviation (sx)
	1.03
	0.75
	0.015
	0.061
	1.07

	Laboratory Data Removed
	Labs 7, 10
	Labs 2, 7, 10
	Labs 6, 13
	None
	Lab 10

	Number of Labs (L)
	14
	14
	13
	15
	14

	Number of Analyses per Lab and Batch (n)
	4
	4
	4
	4
	4

	sr
	
	0.43
	0.29
	0.013
	0.074
	0.16

	sL
	
	1.01
	0.74
	0.014
	0.049
	1.06

	sR
	
	1.10
	0.79
	0.019
	0.089
	1.08

	r
	sr*2.8
	1.22
	0.80
	0.037
	0.208
	0.46

	R
	sR*2.8
	3.07
	2.21
	0.054
	0.249
	3.01

	RSDr
	sr/x*100%
	5.7%
	3.5%
	4.7%
	7.8%
	3.4%

	RSDR
	sR/x*100%
	14.4%
	9.6%
	6.8%
	9.3%
	22.6%

	RSDR(Horwitz)
	2(1-0.5log(Mean/100))
	4.2%
	4.1%
	6.8%
	5.7%
	4.5%


FIGURE 4.
Graphical Presentation of Data ( S-Enantiomer in Haloxyfop-P-Methyl Technical 
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FIGURE 5.
Graphical Presentation of Data ( S-Enantiomer in Haloxyfop-P-Methyl EC Formulations 
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FIGURE 5 (Cont.).
Graphical Presentation of Data ( S-Enantiomer in Haloxyfop-P-Methyl EC Formulations
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