
2.0 MATERIALS AND METHODS 

2.1 Protocol 

Procedures used in this study followed those described in the Smithers protocol entitled 

"Environmental Chemist:Iy Method: Validation of the Analytical Method for the Detennination 

of Spirodiclofen and Spirodiclofen Enol in Aqueous Mati·ices by LC-MS/MS" (Appendix 1). 

The study was conducted under Good Laborato1y Practice ( GLP) regulations and principles as 

described in 40 CFR 160 (U.S. EPA, 1989) and the OECD principles on GLP (OECD, 1998), 

and followed the SANCO/3029/99 rev 4 guidance document (EC, 2000) and OCSPP 850.6100 

guideline (U.S. EPA, 2012). 

2.2 Test Substances 

The test substance, spirodiclofen, was received on 12 August 2020 from Bayer CropScience, 

Chesterfield, Missouri. The Certificate of Analysis is presented in Appendix 2. The following 

infonnation was provided: 

Name: 
Synonyms: 
Batch Code: 
Origin Batch No.: 
CASNo. : 
Customer Order No.: 
Ce1i ificate No.: 
Spec. No.: 
Purity: 
Appearance: 
Date of Analysis: 
Expi1y Date: 
Storage Conditions: 
St:Iuctural Fo1m ula: 

Spirodiclofen 
AE 1344097 technical substance; BAJ 2740-a.i. 
AE 1344097-01-05 
EDFL055904 
148477-71-8 
TOX 21697-00 
MZ 01849 
102000008942 
99.3%w/w 
Colorless to light brown solid 
6 August 2020 
6 August 2022 
+10 to +30 °C 

Cl 

H,C~CH 

Cl o~_cH, J 

0 

0 
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Upon receipt at Smithers, the test substance (TMC No. 10773) was stored at room temperature in 

the original container in a dark, ventilated cabinet. Concentrntions were adjusted for the purity 

of the test substance. This sample of test substance was used to prepare recove1y samples and 

calibration standards during testing. 

The test substance, spirodiclofen enol, was received on 30 September 2020 from 

Bayer Co1poration, Kansas City, Missouri. The Ce1i ificate of Analysis is presented in 

Appendix 2. The following info1mation was provided: 

Name: 
Lot No. 
CASNo.: 
Purity: 
Appearance: 
Date of Analysis: 
Expi1y Date: 
Storage Conditions: 
Strnctural Fo1mula: 

Spirodiclofen Enol 
0218200501 
148476-22-6 
99.9% 
Colorless to light brown solid 
24 June 2019 
24 June 2027 
Freezer conditions when not in use. 

Upon receipt at Smithers, the test substance (TMC No. 10835) was stored in a freezer in the 

original container. Concentrations were adjusted for the purity of the test substance. This 

sample of test substance was used to prepare recovery samples and calibration standards during 

testing. 

2.3 Reagents 

1. 
3. 
4. 
5. 
6. 
7. 

Acetonitrile: 
Methanol: 
Fo1mic Acid: 
0.1 % fonnic acid in water: 
0.1 % fonnic acid in acetonitrile: 
Purified reagent water: 

EMD, reagent grade 
EMD, reagent grade 
BDH, reagent grade 
Fisher, reagent grade 
Fisher, reagent grade 
Prepared from a Millipore MilliQ Direct 8 water 
purification system (meets ASTM Type II 
requirements) 
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2.4 Instrumentation and Laboratory Equipment 

1. 

2. 
3. 

Instnunent: 

Balance: 
Laborat:01y equipment: 

MD S Sciex API 5000 mass spectrometer equipped 
with an ESI Turbo V ion source 
Shimadzu SIL-20ACXR autoinjector 
Shimadzu DGU-20A5R vacuum degassers 
Shimadzu LC-20ADXR solvent delive1y pumps 
Shimadzu CTO-20AC column compaiiment 
Shimadzu CBM-20A communications bus 
Analyst 1.6 softwai·e for data acquisition 
Mettler Toledo XSE205DU 
Positive displacement pipets, volumetric flasks, 
disposable glass vials, disposable glass pipets, 
graduated cylinders, Pasteur pipets, autosainpler vials 
and amber glass bottles with Teflon-lined caps 

Other equipment or instrumentation may be used in future testing but may require optimization 

to achieve the desired sepai·ation and sensitivity. 

2.5 Test Matrix es 

The matrixes used during this method validation were ground water and surface water. 

Ground water information: 

Ground water consists of unadulterated water from a 100-meter bedrock well collected on site at 

Smithers, Warehain, MA prepared by filtering to remove any potential organic containinants. 

Prior to use, the ground water was characterized by Agvise Laboratories, N o1ihwood, N o1ih 

Dakota: 

Parameter Sediment 
Smithers Viscient Batch No.: GROUNDWATER2019 
oH 7.6 
Calcium 240nm 
Magnesium 7.8nom 
Sodium 920nm 
Hardness 92 mg equivalent CaCO3/L 
Conductivitv 0.70 mmhos/cm 
Sodium adsorption ratio (SAR) 4.19 
Total dissolved solids 228 oom 
Turbidity 0.15NTU 

------------------------------------16 

Smithers Study No. 12791.6405 Page 12 of 81 



Surface water information: 

The surface water used for this method validation analysis was collected from the Weweantic 

River, West Wareham, Massachusetts . The water was collected from an area of the river with 

approximately 30 to 60 cm of overlying water. Prior to use, the surface water was characterized 

by Agvise Laboratories, No1thwood, No1t h Dakota: 

Parameter Sediment 
Smithers Viscient Batch No.: 28Dec20WAT-A WEWEANTIC WATER 
PH 6.6 
Calcium 3.0oom 
Maonesium l.4nnm 
Hardness 14 mg eouivalent CaCO3/L 
Conductivity 0.10 mmhos/cm 
Total dissolved solids 520nm 
Turbidity l.47NTU 
Bioloe:ical oxvi;ren demand 0.Snnm 
Total organic carbon 9.2 nnm 
Dissolve organic carbon 7.Snom 
Nitrogen total kieldahl) 0.4nom 
Nitrogen nitrate) 0.1 oom 
Nitroi;ren nitrile) Below detection limit of0.1 nnm 
Nitroi;ren ammoniacan distillation) Below detection limit of0.2 nnm 
Total phosphorns (as PQ4-) 0.1 nom 
Dissolved orthophosphate Below detection limit of0.l nnm 

All documentation relating to the preparation, storage, and handling is maintained by Smithers . 

2.6 Preparation of Liquid Reagent Solutions 

The volumes listed in this section were those used during the validation. For future testing, the 

actual volumes used may be scaled up or down as necessaiy. 

A 50/50/0.1 acetonitrile/purified reagent water/fonnic acid (v/v/v) liquid reagent solution was 

typically prepai·ed by adding 0.400 mL of formic acid to 200 mL of acetonitrile and 200 mL of 

purified reagent water. The solution was mixed well using a stir bai· and stir plate for 5 minutes. 

A 56/44/0.11 acetonitrile/purified reagent water/formic acid (v/v/v) liquid reagent solution was 

typically prepai·ed by adding 1.65 mL of formic acid to 840 mL of acetonitrile and 660 mL of 

purified reagent water. The solution was Inixed well using a stir bar and stir plate for 5 minutes. 
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A 50/10/40/0.1 acetonitrile/ground water/purified reagent water/fonnic acid (v/v/v/v) liquid 

reagent solution was typically prepared by adding 0.100 mL offonnic acid to 50.0 mL of 

acetonitrile, 10.0 mL of ground water and 40.0 mL of purified reagent water. The solution was 

mixed well using a stir bar and stir plate for 5 minutes. 

A 50/10/40/0.1 acetonitrile/surface water/purified reagent water/formic acid (v/v/v/v) liquid 

reagent solution was typically prepared by adding 0.100 mL of fonnic acid to 50.0 mL of 

acetonitrile, 10.0 mL of surface water and 40.0 mL of purified reagent water. The solution was 

mixed well using a stir bar and stir plate for 5 minutes. 

A 90/10 acetonitrile/purified reagent water (v/v) liquid reagent solution was typically prepared 

by adding 45.0 mL of acetonitrile to 5.00 mL of purified reagent water. The solution was mixed 

well before use. 

A 30/30/40 acetonitrile/methanol/purified reagent water (v/v/v) autosampler needle wash 

solution was typically prepared by combining 1500 mL of acetoniti·ile, 1500 mL of methanol, 

and 2000 mL of purified reagent water. The solution was mixed well before use. 

2.7 Preparation of Stock Solutions 

The volumes and masses listed in this section were those used during each separate validation. 

For future testing, the actual volumes and masses used may be scaled up or down as necessary. 

Primary stock solutions were typically prepared as described in the table below: 

Amount Amount Final 
P1imary 

Primary 
Primary Stock 

Weighed (g), Net Weighed (g), as 
Stock Volume Stock 

Stock 
ID Solvent Concentration Weight Active Ingredient (mL) (mg/L) Use 

10773H 
Secondary 

(Spirodiclofen) 0 .0S03 0.0S00 S0.0 1000 stock 
solution 

Acetonitrile 
Secondary 

107731 
(Spirodiclofen) 0 .0S04 0.0S00 S0.0 1000 stock 

solution 
1083SE 90/10 Secondary 

(Spirodiclofen 0 .02S0 0.0250 acetonitrile/purified 2S.0 0 .999 stock 
Enol) reagent water solution 
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Secondary stock solutions were typically prepared as described in the table below: 

Fortifying Fortifying Stock Volume of Final Stock Stock Stock 
ConcentJ·ation Fortification Volume ConcentJ·ation 

Stock ID 
(mg/L) (mL) (mL) 

Solvent ID 
(mg/L) 

10773H 1000 0.500 50.0 10773H-l 10.0 
Soirodiclofen) 

107731 1000 0.500 50.0 107731-1 10.0 
Soirodiclofen) Acetonitrile 

10835E 
(Spirodiclofen 999 0.500 50.0 10835E-l 9.99 

Enol) 

Sub-stock solutions were typically prepared as described in the table below: 

Fortifying 
Fortifying Stock Volume of 
ConcentJ·ation Fortification 

Stock ID 
(mg/L) (mL) 

10773H-l 
10.0 0 .100 (Soirodiclofen) 

10835E-l 
(Spirodiclofen 9.99 0 .100 

Enol) 
Mix-Tech 0 .100· I 0.0999b 1.00 

Stk 1 
107731-1 10.0 0 .100 (Soirodiclofen) 
10835E-l 

(Spirodiclofen 9.99 0 .100 
Enol) 

Mix-Ana 0 .100· I 0.0999b 1.00 
Stk 1 

Mix-Ana 
Stk 2 

0.0100· I 0.00999b 1.00 

b 
Concentration of spil'Odiclofen 
Concentration of spil'Odiclofen enol 

Final 
Stock Stock 

Stock 
Volume Concentration 

(mL) 
Solvent ID 

(mg/L) 

10.0 
Mix-Tech 0.100· I 0.0999b 

Stk 1 

10.0 Mix-Tech 0 .0100· I 0.00999b 
Stk 2 

Acetonitrile 

10 .0 Mix-Ana 0.100· I 0.0999b 
Stk 1 

10.0 
Mix-Ana 0.0100· I 0.00999b 

Stk 2 
Mix-Ana 10.0 

Stk 3 
0 .00100· I 0.000999 b 

Stock 
Use 

Sub-stock solutions 

Sub-stock solutions 

Sub-stock solutions 

Stock 
Use 

l0X LOQ-level 
recovery samples 

LOQ-level 
recoverv samoles 

Sub-stock solutions 

Calibration standards 
and matrix effects 

investigation samples 

All primary and secondary stock solutions were stored refrigerated (2 to 8 °C) in amber glass 

bottles fitted with Teflon-lined caps. Sub-stock solutions were prepared fresh on the day of use 

for daily use. 

2.8 Preparation of Calibration Standards 

2.8.1 Calibration Standards 

Solvent-based calibration standar·ds used in the quantitation of ground water and surface water 

samples were prepared in 50/50/0.1 acetoniti·ile/purified reagent water/fonnic acid (v/v/v) by 

dosing with a mixed sub-stock solution of spirodiclofen and spirodiclofen enol at 0.00100 mg/L 

and 0.0100 mg/L for spirodiclofen and 0.000999 mg/L and 0.00999 mg/L for spirodiclofen enol 
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by fo1iification of both materials together into the same vessel to yield concentrations of 

0.00200, 0.00500, 0.0100, 0.0200, 0.0300, 0.0500, 0.100, and 0.200 µg/L. 

2.8.2 Matrix Effect Investigation 

The effects of matrix enhancement or suppression were evaluated through the assessment of 

matrix-matched and solvent-based calibration standards in the following manner. Calibration 

standards used to assess possible matrix effects were prepared in triplicate in 

50/10/40/0.1 acetonitrile/test matrix/purified reagent water/fonnic acid (v/v/v/v) control final 

extract and 50/50/0.1 acetonitrile/purified reagent water/fonnic acid (v/v/v) by fo1iifying with a 

inixed sub-stock solutions of spirodiclofen and spirodiclofen enol at 0.0100 mg/Land 

0.00999 mg/L for spirodiclofen and spirodiclofen enol, respectively, as outlined in the following 

table by fo1i ification of both materials together into the same vessel. Resulting standards had a 

concentration of 0.0100 µg/L and 0.00999 ~Lg/L for spirodiclofen and spirodiclofen enol, 

respectively. 

s . iPirO 1c o en 

b 

d 

Sample Sample 
ID Type 

GW-MM-Std A, B, 
Ground water 

matrix-matched 
&C 

calibration standard 

SW-MM-Std A, B, & Stuface water 
matrix-matched 

C 
calibration standard 

Sol-Std A, B, & C 
Solvent-based 

calibration standard 

Concentration of sp1rod1clofen 
Concentration of spirodiclofen enol 

Stock Fortification Final Fortified 
Concentration Volume Volume Concentration 

(mg/L) (mL) (mL) (~1g/L) 

0.0100' I 0.00999b 0 .0200 20.0° 0 .0100· I 0.00999b 

0.0100' I 0.00999b 0 .0200 20.0d 0 .0100· I 0.00999b 

0.0100' I 0.00999b 0 .0200 20.0• 0 .0100· I 0.00999b 

Diluted with matrix blank final extract 12791.6405-02, equivalent to 50/10/40/0.l acetonitrile/ground water/purified reagent 
water/formic acid (v/v/v/v) 
Diluted with matrix blank final extract 12791 . 6405-15, equivalent to 50/10/40/0.1 acetonitrile/surface water/purified reagent 
water/formic acid (v/v/v/v) 
Diluted with 50/ 50/0 .1 acetoniti-ile/ptu-ified reagent water/fonuic acid (v/v/v) 
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2.9 Sample Fortification and Preparation 

The recove1y samples were prepared in two different matrixes (ground water and surface water) 

by fo1iification with mixed sub-stock solution of spirodiclofen and spirodiclofen enol at 

concentrations of0.0100 (LOQ) and 0.100 ( l0X LOQ) ~Lg/L for spirodiclofen and 

0.00999 (LOQ) and 0.0999 (l0X LOQ) µg/L for spirodiclofen enol, together into the same 

vessel. Recove1y samples for both matrixes were prepared separately ("de novo") at these 

concentrations. Five replicates were produced for each concentration level. Two samples of 

each matrix were left unfo1iified to serve as controls and were processed in the same fashion as 

the LOQ concentration recove1y samples. In addition, one reagent blank of purified reagent 

water was prepared for each sample set and processed in the same manner as the control samples 

in order to assess any potential interferences from the test matrix or dilution process. The 

preparation procedure for each separate matrix is outlined in the tables below. 

G roun d wa er recovery samp. es t I 

b 

d 

Sample ID Sample 
Stock 

Concentration 
12791-6405- Type 

(mg/L) 

0 1 Reagent Blank NA' 
02&03 Control NA 

04, 05, 06, 07, & 08 LOQ 0.0100d I 0.00999• 
09, 10, 11, 12, & 13 l0XLOQ 0.100d I 0.0999· 

NA = Not Applicable 
Volume increased for use in matrix effects assessment. 
Dilution solvent: ptu-ified reagent water 
Concentration of spirndiclofen 
Concentration of spirndiclofen enol 

s f ur ace water recovery samp es 

b 

d 

Sample ID Sample 
Stock 

Concentration 
12791-6405- Type 

(mg/L) 

14 Reagent Blank NA• 
15 & 16 Control NA 

17, 18, 19, 20, & 21 LOQ 0.0100d I 0.00999• 
22, 23, 24, 25, & 26 l0XLOQ 0.100d I 0.0999· 

NA = Not Applicable 
Volume increased for use in matrix effects assessment. 
Dilution solvent: ptu-ified reagent water 
Concentration of spirndiclofen 
Concentration of spirndiclofen enol 

Fortification Final Fortified 
Volume Volume Concentration 

(mL) (mL) (~1g/L) 

NA 5.oob 0.00 
NA 10.oc 0.00 

0.0500 5.00 0.100d I 0.0999· 
0.0500 5.00 1.00d I 0_999• 

Fortification Final Fortified 
Volume Volume Concentration 

(mL) (mL) (~1g/L) 

NA 5.oob 0.00 
NA 10.oc 0.00 

0.0500 5.00 0.100d I 0.0999· 
0.0500 5.00 1.00d I 0_999• 
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2.10 Dilution of Samples 

To minimize the potential for losses of the test substance during processing, the aqueous test 

samples were not sub-sampled prior to dilution. The first dilution with 56/44/0.11 

acetonitrile/purified reagent water/fonnic acid (v/v/v) was perfo1med by the addition of the 

reagent to the entire volume of the aqueous sample in the container in which it was fo1tified to a 

final composition of 50/10/40/0.1 acetonitrile/test matrix/purified reagent water/fonnic acid 

(v/v/v/v). The High-level recove1y samples were subsequently diluted into the calibration 

standard range with 50/ 10/40/0.1 acetonitrile/test matrix/purified reagent water/fo1mic acid 

(v/v/v/v) prior to analysis. The dilution procedures are outlined in the tables below. 

G roun d I water recovery samp es 

Sample ID 
Fo11ified Sample Final 

Sample T ype Concenh·ation Volume Volume• 
12791-6405-

(µg/L) (mL) (mL) 

01 Reagent Blank 0.00 5.00 50.0 

02&03 Control 0.00 10.0d lW 

04, 05, 06, 07, & 08 LOQ 0 .100• I 0.0999r 5.00 50.0 

09, IO, 11 , 12, & 13 IOX LOQ 1.00• I 0 _999r 5.00 50.0 

Diluted with 56/44/0.11 acetorutrile/punfied reagent water/fornuc acid (v/v/v) 
Diluted with 50/ 10/40/0.1 acetonitrile/ground water/purified reagent water/formic acid (v/v/v/v) 
NA = Not Applicable 
Volume increased for use in matrix effects assessment. 
Concentration of spirodiclofen 
Concentration of spirodiclofen enol 

s f ur ace wa er recovery sam1 J es t 

Sample ID 
Fortified 

Sample Type Concentration 
12791-6405- (µg/L) 

14 Reagent Blank 0.00 

15 & 16 Control 0.00 

17, 18, 19, 20, & 2 1 LOQ 0 .100• I 0.0999r 

22, 23, 24, 2 5, & 26 IOXLOQ 1.00• I 0_999r 

Sample 
Volume 

(mL) 

5.00 

10.0d 

5.00 

5.00 

Diluted with 56/44/0.11 acetonitrile/purified reagent water/formic acid (v/v/v) 

Final 
Volume• 

(mL) 

50.0 

IOOd 

50.0 

50.0 

Diluted with 50/ 10/40/0.1 acetonitrile/surface water/purified reagent water/ formic acid (v/v/v/v) 
NA = Not Applicable 
Volume increased for use in matrix effects assessment. 
Concentration of spirodiclofen 
Concentration of spirodiclofen enol 

Sample Final 
Dilution Volume Volumeb 

(mL) (mL) Factor 

NN NA 10.0 

NA NA 10.0 

NA NA 10.0 

2.50 5.00 20.0 

Sample Final 
Dilution 

Volume Volumeb 
(mL) (mL) 

Factor 

NN NA 10.0 

NA NA 10.0 

NA NA 10.0 

2.50 5.00 20.0 
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2.11 Analysis 

2.11.1 Instrumental Conditions 

The LC-MS/MS analysis was conducted utilizing the following instmmental conditions: 

LC parameters: 
Column: 
Mobile Phase A: 
Mobile Phase B: 
Gradient: 

Run Time: 
Autosampler Wash Solvent: 
Column Temperature: 
Sample Temperature: 
fujection Volume: 
Retention Times: 

MS parameters: 
fustmment: 
Ionization Mode: 
Ion Spray Voltage: 
Scan Type: 
Source Temperature: 
Curtain Gas: 
Ion Source - Gas 1 / Gas 2: 
Collision Gas: 

Phenomenex Kinetex Biphenyl, 2.6 µm, 3 x 50 mm 
0.1 % formic acid in reagent grade water 
0.1 % formic acid in acetonitrile 
Time Flow rate Solvent 
(min.) (mL/min.) A (%) 
0.50 0.500 95.0 
0.60 0.500 50.0 
4.00 0.500 0.00 
5.00 0.500 0.00 
5.10 0.500 95.0 
6.00 0.500 95.0 
6.0 minutes 

Solvent 
B (%) 

5.00 
50.0 
100 
100 
5.00 
5.00 

30/30/40 acetonitrile/methanol/reagent grade water (v/v/v) 
40 °C 
10 °C 
50.0 µL 
approximately 3.6 minutes (spirodiclofen) 
approximately 2.5 minutes (spirodiclofen enol) 

AB MDS Sciex API 5000 mass spectrometer 
Positive(+) ESI 
5500V 
MRM 
400 °C 
20.0 
70.0 I 70.0 
6.00 

Collision Cell Entrance Potential: 10.0 
Collision Cell Exit Potential: 
Declustering Potential: 
Resolution Q 1/Q3: 

10.0 
50.0 
Unit/Low 

Test Substance Spirodiclofen 

Instrument Paramete1· 

Q l/Q3 Masses (Da) : 
Collision Energy: 
Dwell Time: 

Primary 
Transition 
411.3/313.0 

18.0 
150 

Confirmatory 
Transition 

411.3/7 1.1.0 
27.0 
150 

Spirodiclofen enol 

Primary 
Transition 
313.2/212.9 

35.0 
200 

Confirmatory 
Transition 
313.2/ 184.8 

43.0 
200 
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Other instnnnentation may be used but may require optimization to achieve the desired 

separation and sensitivity. It is important to note that the parameters above have been 

established for this paiiicular instmmentation and may not be applicable for other similai· 

equipment that may be used. 

2.11.2 Preparation of Calibration Standard Curve 

Two sets of calibration standai·ds were analyzed with each sample set. Calibration standai·ds 

were interspersed ainong analysis of the recovery samples, eve1y two to six injections. Injection 

of recove1y samples and calibration standards onto the chromatographic system was perfonned 

by prograinmed automated injection. 

2.12 Evaluation of Accuracy, Precision, Specificity, and Linearity 

The accuracy was reported in tenns of percent recovery of the fo1iified recovery sainples. 

Recoveries of 70.0 to 110% (for the individual mean concentrations) are acceptable. The 

precision was repo1ied in te1ms of the relative standai·d deviation (RSD) for the recove1y 

sainples. RSD values less than or equal to 20% were considered acceptable for the recove1y 

sainples. Specificity of the method was dete1mined by exainination of the control samples for 

peaks at the saine retention times as spirodiclofen and spirodiclofen enol which might interfere 

with the quantitation of the analytes. Linearity of the method was dete1mined by the coefficient 

of dete1mination (r2) , y-intercept, and slope of the regression line. 

2.13 Limit of Quantitation (LOQ) 

The method was validated at the LOQ. This was defined as the lowest fo1iification level. Blank 

values (reagent blanks and untreated control samples) did not exceed 30% of the LOQ. 

2.14 Limit of Detection (LOD) and Method Detection Limit (MDL) 

The LOD was calculated using three times the signal-to-noise value of the control samples. 

Representative calculations for the LOD can be found in Section 3.0. 
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The MDL was defined as the lowest concentration in test samples which can be detected based 

on the concentration of the low calibration stan dard and the dilution factor of the control 

solutions. Representative calculations for the MDL can be found in Section 3.0. 

3.0 CALCULATIONS 

A calibration curve was constm cted by plotting the analyte concentrntion (µg/L) of the 

calibration standards against the peak area of the analyte in the calibration standards . The 

equation of the line ( equation 1) was algebraically manipulated to give equation 2. The 

concentration of test substance in each recove1y sample was calculated using the slope and 

intercept from the linear regression analysis with 1/x weighting, the detector response, and the 

dilution factor of the recove1y sample. Equations 2 and 3 were then used to calculate measured 

concentrations and analytical results . 

where: 

X 

y 
b 
Ill 

DC (x) 
DF 

A 

(I) y =mx +b 

(2) D C (x) = (y -b) 
m 

(3) A =DC x DF 

analyte concentration 
detector response (peak area) from the chromatogram 
y-intercept from the regression analysis 
slope from the regression analysis 
detected concentration (~Lg/L) in the sample 
dilution factor (final volume of the sample divided by the original sample 
volume) 
analytical result (µg/L), concentration in the original sample 

NOTE: A 1/x weighting was used for calibration curves and sample quantitation using Analyst 
software, version 1.6. 
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The LOD was calculated using the following equation: 

where: 

Nct1 
RespLS 
ConcLs 
DFCNTL 

LOD 

= 
= 
= 
= 

= 

(4) LOD = ((3 x (Nct1))/RespLs) x ConcLS x DFcNTL 

mean noise in height of the control samples (or blanks) 
mean response in height of the two low calibration standards 
concentration of the low calibration standard 
dilution factor of the control samples (smallest dilution factor used, 
i.e. , 10.0) 
limit of detection for the analysis 

The MDL is defined as the lowest concentrntion that can be detected by this method in test 

solution samples. The MDL is calculated (equation 5) based on the concentration of the low 

calibration standard and the dilution factor of the control samples. 

where: 

MDLLCAL 
DFCNTL 

MDL 

(5) MDL = MDLLCAL x DFcNTL 

= lowest concentration calibration standard (0.00200 µg/L) 
= dilution factor of the control samples (smallest dilution factor used, 

i.e., 10.0) 
= method detection limit repo1ied for the analysis 

(0.00200 µg/L x 10.0= 0.0200 µg/L) 
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Study No,: 12791.6405 

Environmental Chemistry Method; Validation of the Analytlcal Method for the 
Determination of Splrodlclofen and Spirodlclofen Enol in Aqueous Matrices by LC-MSJMS 

1.0 INTRODUCTION 

The purpose of this study is to validate an analytical method used to determine the content of 
Spirodlclofen and its metabolite Spirodiclofen Enol in two aqueous matrices. The analytical 
method will be validated with regards to specificity. llnearlly, accuracy, preclsion, limit of 
quantitation (LOO), limit of detection (lOD), method detection l imit (MDL), and confimiatlon of 
identlflcatlon. 

2.0 JUSTIFICATION OF THE TEST SYSTEM 

This study 1s bemg conducted lo support tile registration of the test substance(s). 

The me1hod validations descritM!(j in this protocol are designed to conform to SANC0/3029/99 
rev.4: Guidance for generatir19 and reporting methods of analysts in support of pre, regislration 
data and EPA guideline OCSPP 850.6100. Environmental Chemistry Methods and Ass.oclated 
Independent Laboratory Val idation. Ttle study will be cooducted under Good Laboratory Practices 
(GLP) regulations and principles as described In 40 CFR 160 and the OECO principles of Gl P . 

3.0 TEST SUBSTANCE 

3.1 Test Substance and Analytical Standard 

Upon arrival at Smithers, the test substances and analytical standard was received by the Test 
Material Center. Records will be maintained in aocordance with GLP requirements, arxl a Chain
of-Cuslody estebhshed. The condition of the external packa,ging of the test subs1ance was 
recorded and any damage noted. The packaging was removed, lhe primary storage container 
inspected for leakage or damage, and t ile condition recorded. Any damage was reported to the 
Sponsor and/or manufacturer. 

The test substance and analytical standard was gwen a unique sample ID number and stored 
under the conditions specified by the Sponsor ot manufacturer. The following infomiat ion should 
be provided by lhe Study Sponsor, if applicable: test substance 101 or batch number, test 
substance ixirtty, water solubrlity (pH and temperature of solubility determination), vapor pressure, 
stora,ge stability, methods of analysis of the test substance in water, SDS, and safe handling 
procedures, and a verified expiration or reanalysis date. 

3.1.1 Spjrodic!ofen Technical 

Test Substance Name: Spirodiclofen 
Purity: 99.3% 
Saleh or Lot #, EDFL055904 
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3.1.2 Spirodiclofen Analytical Standard 

Analytical Standard Name: Splrodlclofen 
Purily: 99.7% 
Batch or Lot #: 0128200401 

3.1.3 Splrodiclofcn Enol Analytica l Standard 

Test Substance Name (also the analytical standard): Spirodiclofen Enol 
Purity· 99.9% 
Batcli or Lot #: 0218200501 

3.2 Re.igents 

Highly pure reagents will be used throughout lhe study. The actual reagent grade will be 
depending on the manufacturer's designation. Generally these reagents will have grades, such 
as high purity solvent. ACS grade, or Sele<:1 The reagents used are recorded along vAlh test 
chemica1 Information at the time of preparation. 

3.3 Validation Matrices 

The 1Vater used for the method validations will be two types of aqueous matrices (i.e. grooodwater 
8, surface water). Water characterization data such as pH, hardness, conductivity, totaJ di5solved 
solids, and turbidity will be determined. All documenlation relating to lhe preparation, s1orage and 
handling will be maintained by Smithers. 

3.3.1 Ground Water 

Ground waler used in the study will be filtered Town of Wareham wen water and will be 
prepared by filtering to remove any potenhal organic contaminants. All documentation 
relating to the preparation, storage and handling wil l be maintained by Smithers. 

3.3.2 Surface Water 

The surface water used for thi-s method validation analysis will be collected from river 
waler in Massac11u.set1s_ The water will be collected from an a,ea of the rive-r with 
approximately 30 to 60 001 of overty1n,g water. All documentation relating to the 
preparation, storage and handling will be maintained by Smithers. 

4.0 VALIDATION DESIGN 

The test design will consist of lwo aqueous matrices (Le. groundwater & surface water) fortified 
with each test s1Jbst,111ce at two concentrations with five replicates for each fortification level. The 
control matrices for the validation will be the appropriate untreated aqueous matri)(, The valJdation 
study levels (approximate concentrations) for each tesl substance are. 

1. Procedural blank-reagent blank 
2. Matrix blank-cootrol matrix 
3. Control matril( fortified at LOO 
4. Control matri,< fortified at 10 x LOO 

0,01,19/L 
0.01,1g/L 
0.100 IJ9/L 
1.00 µg/L 
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4.1 Specificity 

The specificity of the method will be determined by epplymg the method to the appropriate number 
of reagent blank (n;:1) and control matnx samples (n=2). Chromatograms will be obtained for the 
control samples and examined for peaks that might intertere with the quantitation of the analyte 
peak of Interest. Peaks altributable to th.e test substan~(s) will be sufficiently resolved from any 
peaks found in the samples or COt1trof matrix to enable q uantificat1on. Unequ111ocal identification 
of the target analyte wlll be achieved by LC-MS/MS primary and confi rmatory analysis. 

4.2 Linearity 

The analytical calibration will extend over a range appropriate to the lowest and h19hest nominal 
concentration of tne analyte in relevant analytical solutions :t at 1east 20%, A minimum of five 
concentrations will be utilized in the determination or the calibration line. The calibration data will 
be subjected to a regression analysis, The equation of the calibration line and a regression 
parameter, e.g., the coefficient of determination (,'Z). will be reported and a typical calibration plot 
submitted. The data should have a coefficient of determination (r2) of not less than 0.990 or a 
c.orrelation coefficient (r) or not less than 0.995. 

4.3 Matrix Effocls Determination 

Determination of matrix effects will be assessed as outlined in the analylical methods for both 
primary and confimiatory transitions. Matrix effects will be evaluated at the LOO level for each 
test substance. Only if experiments clearly demonstrale that matrix effects are not significant (i.e. 
<20%), calibrabon wilfl standards in sotvent may be used. In tha event that there are no malrh< 
effects obseN1td, matrix matciled standards may also be used if deemed appropriate. 

4.4 Accuracy 

The accuracy or the method will be reported as the mean recovery ± the relative standard 
devtatlon (see Section 4.5 below) for each lest substanoe in the sample malrlx. Recovery 
determinalions will be made on representative samples prepared by fortification of the control 
matrix with a known quantity of eacfl analyte, Recovery data will be reported for two fortification 
levels appropriate lo the proposed LOO (see Section 4.6 below) and 1 OX LOO. The samples 
described above wtll be prepared 'de novo·. Mean recoveries in the range 70- 1100/4 or nominal 
concentrations of the target analyte in the fortified samples wi:11 be conSldered acceptable. 

4.5 Precisioo 

The predslon of the method will be reported as repeatabil ity of recovery at each fortification level. 
The number of determinations made at each rortif1c-ation level for each validation Is ouU.ned in 
Section 4 O above. Tt)e precision will be calculated ror the fortified samples in tenns of the 
standard deviation (SD), overall relative standard deviation (RSD), and/or coefficient of variation 
(CV). RSD values should be~ 20% for each fortification level. The overall RSD will also be 
reported. RSO values outside of ttie ranges detai led above wi ll be discussed with 1he Sponsor 
prior to proceeding. 
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