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MATERIALS AND METHODS 

This study was conducted in accordance with the protocol with no deviations. 

Throughout this report Dicamba acid is referred to as Dicamba, and DCSA degradate 
is referred to as DCSA. 

Test Substances 
The following test substances were used to fortify the samples, as per the analytical 
method validated by Smithers ERS, Wareham: 

Test Substance Name: Dicamba (Technical) 

IUPAC Name: 3,6-Dichloro-2-methoxybenzoic acid 

CAS Number: 1918-00-9 

Structure: O OH 

Cl O 
CH3 

Cl 

Molecular Formula: C8H6Cl2O3 

Molecular Weight: 221.04 

Sponsor Lot Number: DMBT01612B 

Purity: 99.0% 

Storage Conditions: Room temperature (15-30°C) 

Recertification Date: 08 September 20191 

1 The retest date for Dicamba (Technical) was certified as 1 year after analysis, however the Dicamba 
reference substance had an expiry date 4 years after certification. Therefore purity of Dicamba 
(Technical) is unlikely to have significantly changed before the assigned 1 year recertification date and 
was judged to be suitable for use throughout this study (last used on 21 August 2019). 
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Test Substance Name: DCSA (Technical) 

Sponsor Lot Number: 60815CPU9 

IUPAC Name: 3,6-Dichloro-2-hydroxybenzoic acid 

CAS Number: 3401-80-7 

Structure: O OH 

Cl OH 

Cl 

Molecular Formula: C7H4Cl2O3 

Molecular Weight: 207.01 

Purity: ≥ 95%1 

Storage Conditions: Room temperature (15-30°C) 

Recertification Date: 11 February 2022 
1 95% was used for purity correction of primary stocks. 

Reference Substances 
The following reference substances were used to prepare calibration standards and 
matrix assessment, as per the analytical method validated by Smithers ERS, 
Wareham: 

Reference Substance Name: Dicamba 

Sponsor Lot Number: 7996600 

Purity: 99.5% 

Storage Conditions: Room temperature (15-30°C) 

Expiry Date: 30 September 2022 

Reference Substance Name: DCSA 

Sponsor Lot Number: 60815C 

Purity: 98.8% 

Storage Conditions: Room temperature (15-30°C) 

Recertification Date: 11 February 2022 
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Analytical Method 
Analytical method 14166.6104 was supplied by Smithers ERS, Wareham on behalf of 
the sponsor. The method was re-written in Smithers ERS, Harrogate format as draft 
method SMV 3202423-01D, including the instrumentation available at Smithers ERS, 
Harrogate. This was used for method validation, and re-issued as SMV 3202423-02V 
when validation was complete. The complete analytical procedure is presented in 
Appendix 3. 

Preparation of Reagents 
Acetonitrile: water (25:75 v/v) 
50 mL acetonitrile was mixed with 150 mL water. 

Reagents were stored at room temperature and given a nominal expiry date of one 
month. 

Preparation of Stock Solutions 
Primary Stock Solutions 
Primary stock solutions of Dicamba and DCSA test substance (for sample 
fortification) were prepared as described in the following table: 

Stock ID Test 
Substance 

Amount 
Weighed 

(mg) 

Purity 
(%) 

Solvent Final 
Volume 

(mL) 

Concentration 
(µg/mL)1 

Stock 1 
Dicamba 

12.91 
99.0 

12.781 1000 
Stock 2 10.21 

Acetonitrile 
10.108 1000 

Stock 5 
DCSA 

12.18 
952 11.571 1000 

Stock 6 10.91 10.365 1000 
1 Corrected for Purity. 
2 Although the certified purity was ≥ 95%, 95% was used for purity correction. 
Duplicate stocks were prepared for correlation purposes. Only stocks 1 and 5 were used in this study. 

Primary stock solutions of Dicamba and DCSA reference substance (for calibration 
standard preparation) were prepared as described in the following table: 

Stock ID Test 
Substance 

Amount 
Weighed 

Purity 
(%) 

Solvent Final 
Volume 

Concentration 
(µg/mL)1 

(mg) (mL) 
Stock 3 

Dicamba 
12.26 

99.5 
12.199 1000 

Stock 4 11.99 
Acetonitrile 

11.930 1000 
Stock 7 

DCSA 
12.50 

98.8 
12.351 1000 

Stock 8 12.68 12.528 1000 
1 Corrected for Purity. 
Duplicate stocks were prepared for correlation purposes. Only stocks 3 and 7 were used in this study. 

Primary stocks were stored refrigerated in amber glass bottles and given a nominal 
expiry of three months. 
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Secondary Stock Solutions 
Secondary stock solutions of Dicamba and DCSA test substance (for sample 
fortification) were prepared as described in the following table: 

Test Substance Fortifying Stock 
Concentration 

(µg/mL) 

Volume 
Taken 
(mL) 

Solvent Final 
Volume 

(mL) 

Concentration 
(µg/mL) 

Dicamba 1000 0.1 
Acetonitrile 

10 10 
DCSA 1000 0.1 10 10 

Secondary stocks were stored refrigerated in amber glass bottles and given a nominal 
expiry of one month. 

Sub-Stock Solutions 
Sub-stock solutions of Dicamba and DCSA test substance (for sample fortification) 
were prepared as described in the following table: 

Test Substance Fortifying Stock 
Concentration 

(µg/mL) 

Volume 
Taken 
(mL) 

Solvent Final 
Volume 

(mL) 

Concentration 
(µg/mL) 

Dicamba 10 0.2 
Acetonitrile 

10 0.21 

DCSA 10 0.2 
Mixed 0.2 1 10 0.022 

1 Equivalent to 200 µg/L. 
2 Equivalent to 20 µg/L. 

Sub-stock solutions of Dicamba and DCSA reference substance (for calibration 
standard preparation) were prepared as described in the following table: 

Test Substance Fortifying Stock 
Concentration 

(µg/mL) 

Volume 
Taken 
(mL) 

Solvent Final 
Volume 

(mL) 

Concentration 
(µg/mL) 

Dicamba 1000 0.2 
Acetonitrile 

10 20 
DCSA 1000 0.2 
Mixed 20 0.1 10 0.21 

1 Equivalent to 200 µg/L. 

Sub-stock solutions were prepared on the day of use and stored refrigerated until the 
corresponding analysis was complete. 
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Preparation of Matrix Matched Standards for Matrix Assessment 
Matrix matched standards of Dicamba and DCSA reference substance were prepared 
in control water final extract. 

Stock 
Concentration 

(µg/L) 

Volume Taken 
(mL) 

Solvent Final Volume 
(mL) 

Concentration 
(µg/L) 

200 0.025 
Surface water 

2.5 2 
200 0.025 

final extract 
2.5 2 

200 0.025 2.5 2 
200 0.025 

Ground water 
2.5 2 

200 0.025 
final extract 

2.5 2 
200 0.025 2.5 2 

Preparation of Non-Matrix Matched Standards for Matrix Assessment 
Non-matrix matched standards of Dicamba and DCSA reference substance were 
prepared in acetonitrile: water (25:75 v/v) for comparison with matrix matched 
standards. 

Stock Concentration 
(µg/L) 

Volume 
Taken (mL) 

Solvent Final 
Volume 

(mL) 

Concentration 
(µg/L) 

200 0.025 
Acetonitrile: water 

2.5 2 
200 0.025 2.5 2 
200 0.025 

(25:75 v/v) 
2.5 2 

The three matrix matched standards for each water were analysed alternately with the 
three non-matrix matched standards and their peak areas compared. 
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Preparation of Calibration Standards 
Non-matrix matched calibration standards of Dicamba and DCSA reference 
substance (for ground water validation) were prepared as described in the following 
table: 

Stock Concentration 
(µg/L) 

Volume Taken 
(mL) 

Solvent Final Volume 
(mL) 

Concentration 
(µg/L) 

200 0.25 10 5 
5 0.8 1 4 
5 0.6 

Acetonitrile: 
1 3 

5 0.4 1 2 
5 0.2 

water (25:75 v/v) 
1 1 

5 0.12 1 0.6 
5 0.08 1 0.4 

Matrix matched calibration standards of Dicamba and DCSA reference substance (for 
surface water validation) were prepared as described in the following table: 

Stock Concentration 
(µg/L) 

Volume Taken 
(mL) 

Solvent Final Volume 
(mL) 

Concentration 
(µg/L) 

200 0.125 5 5 
5 0.8 1 4 
5 0.6 

Surface water 
1 3 

5 0.4 
final extract 

1 2 
5 0.2 1 1 
5 0.12 1 0.6 
5 0.08 1 0.4 

A single set of calibration standards was prepared for each validation batch, which 
was analysed twice during the batch, interspersed with the samples. 
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Sample Fortification 
50 mL of water was measured into a glass separating funnel. Quintuplicate water 
samples were fortified at the LOQ (0.1 µg/L) and at 10 × LOQ (1 µg/L) with mixed 
stock solutions of Dicamba and DCSA test substance. Duplicate control water 
samples and a reagent blank were also prepared, as described in the following tables: 

Fountains Abbey surface water 

Sample ID Sample Volume 
(mL) 

Stock 
Concentration 

(µg/L) 

Volume Added 
(mL) 

Fortified 
Concentration 

(µg/L) 
Control A, C & E1 50 N/A N/A N/A 
Reagent Blank B2 50 N/A N/A N/A 

Control I-P3 50 N/A N/A N/A 
Control Q-R 50 N/A N/A N/A 

F0.1 F-J 50 20 0.25 0.1 
F1 F-J 50 200 0.25 1 

N/A = Not applicable. 
1 Control A, C & E were used for the matrix assessment. 
2 Milli-Q water was used for the reagent blank. 
3 Control I-P were used for matrix matched calibration standards. 

Borehole ground water 

Sample ID Sample Volume 
(mL) 

Stock 
Concentration 

(µg/L) 

Volume Added 
(mL) 

Fortified 
Concentration 

(µg/L) 
Control B, D & F1 50 N/A N/A N/A 
Reagent Blank A2 50 N/A N/A N/A 

Control G-H 50 N/A N/A N/A 
F0.1 A-E 50 20 0.25 0.1 
F1 A-E 50 200 0.25 1 

Reagent Blank C2 50 N/A N/A N/A 
Control S-T 50 N/A N/A N/A 

F1 K-O 50 200 0.25 1 
N/A = Not applicable. 
1 Control B, D & F were used for the matrix assessment. 
2 Milli-Q water was used for the reagent blanks. 
The first validation attempt was unsuccessful at 1 µg/L (F1 A-E), so was repeated (F1 K-O) with a 
second set of controls (Control S-T) and a reagent blank (Reagent Blank C). 
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Sample Extraction 
50 mL of water was measured into a glass separating funnel. 0.16 mL and 0.17 mL of 
concentrated hydrochloric acid was added to the ground water and surface water 
respectively and mixed, in order to achieve a pH in the range of 1.62 to 1.66 (the pH 
was checked using a control sample for each water). The water was extracted three 
times with 50 mL DCM by shaking vigorously for approximately 1 minute. The three 
DCM extracts were combined in a round bottom flask and evaporated to 
approximately 3 mL using a rotary evaporator set to 30°C. The 3 mL extract was 
transferred into a glass tube and the flask was rinsed using a further 3 mL of DCM, 
which was also transferred to the glass tube. The DCM was evaporated to dryness 
under a gentle stream of nitrogen, without heating. The extract was reconstituted with 
acetonitrile: water (25:75 v/v), according to the final volumes given in the following 
tables, then vortex-mixed and ultrasonicated for approximately 5 minutes. 
The extraction procedure is summarised in the following tables: 

Fountains Abbey surface water 

Sample ID Fortified 
Concentration 

(µg/L) 

Sample 
Volume 

(mL) 

Final 
Volume 

(mL) 

Sample 
Dilution 

(mL to mL) 

Overall 
Dilution 
Factor 

Control A, C & E N/A 50 2.5 N/A 0.05 
Reagent Blank B N/A 50 2.5 N/A 0.05 

Control I-P N/A 50 2.5 N/A 0.05 
Control Q-R N/A 50 2.5 N/A 0.05 

F0.1 F-J 0.1 50 2.5 N/A 0.05 
F1 F-J 1 50 2.5 0.2-11 0.25 

N/A = Not applicable. 
1 Sample dilutions were performed with control water extract (matrix matched). 

Borehole ground water 

Sample ID Fortified 
Concentration 

(µg/L) 

Sample 
Volume 

(mL) 

Final 
Volume 

(mL) 

Sample 
Dilution 

(mL to mL) 

Overall 
Dilution 
Factor 

Control B, D & F N/A 50 2.5 N/A 0.05 
Reagent Blank A N/A 50 2.5 N/A 0.05 

Control G-H N/A 50 2.5 N/A 0.05 
F0.1 A-E 0.1 50 2.5 N/A 0.05 
F1 A-E 1 50 12.5 N/A 0.25 

Reagent Blank C N/A 50 2.5 N/A 0.05 
Control S-T N/A 50 2.5 N/A 0.05 

F1 K-O 1 50 12.5 N/A 0.25 
N/A = Not applicable. 
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Instrument Conditions 
LC-MS/MS analysis was performed using the following instrument conditions: 

LC Parameters: 

Instrument Shimadzu Nexera series HPLC system 
Column# Agilent EC-C-18 Poroshell 120, 100 × 3 mm, 2.7 µm 
Mobile Phase A# 0.1% Formic acid in water 
Mobile Phase B# 0.1% Formic acid in acetonitrile 
Flow Rate 0.5 mL/min 
Gradient Time (min) Mobile Phase A (%) Mobile Phase B (%) 

0.00 75 25 
0.20 75 25 
5.50 5 95 
7.00 5 95 
7.01 75 25 
9.00 75 25 

Run Time 9 minutes 
Column Temperature 40°C 
Autosampler Temperature 5°C 
Injection Volume 15 µL 
Retention Time Approx. 3.15 minutes (Dicamba) 

Approx. 2.65 minutes (DCSA) 
Valco Valve Diverter Time (min) Position 

0 A (to waste) 
1 B (to MS) 
8 A (to waste) 

MS/MS Parameters: 

Instrument AB Sciex API 5000 Triple Quadrupole Mass Spectrometer 
Ionisation Type# Electrospray (ESI) 
Polarity# Negative 
Scan Type# Multiple reaction monitoring (MRM) 
Resolution Q1: Low 
Resolution Q3: Low 
Ion Spray Voltage -4500 V 
Collision Gas (CAD) 5 
Curtain Gas (CUR) 30 
Gas Flow 1 (GS1) 40 
Gas Flow 2 (GS2) 40 
Vaporiser Temperature (TEM) 400°C 
Interface Heater (ihe) On 
Entrance Potential (EP) -10 
Collision Exit Potential (CXP) -11 
Compound Name MRM Transition Declustering Collision Dwell Time (ms) 

Ions Monitored Potential Energy 
(DP) (CE) 

Dicamba (Primary) 218.9/174.4 -70 -10 250 
Dicamba (Confirmatory) 220.9/176.7 -63 -10 250 
DCSA (Primary) 205.0/161.0 -40 -17 50 
DCSA (Confirmatory) 205.0/125.0 -40 -31 50 

Parameters marked # may not be modified. Minor adjustments to the remaining 
parameters may be required in order to fully optimise the system. 
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LC-MS/MS data were collected and processed using Analyst 1.6.2. 

Calculation of Results 
When the calibration fit is linear as in this study, Analyst uses the following formula 
to calculate the concentration of test substance present in the sample: 

)ݕ−ܿ(
ݔ=× ܦܨ

݉ 

Where: 

x = concentration of test substance in sample extract (µg/L) 
y = peak area due to test substance 
c = y intercept on calibration graph 
m = gradient of the calibration graph 
DF = sample dilution factor 

Procedural recovery data from fortified samples are calculated via the following 
equation: 

 ܣ
ܴ݁ܿݒݎ݁�ݕ= (%) × 100 

ܵ 

Where:-

A = concentration found in fortified sample (µg/L) 
S = concentration added to fortified sample (µg/L) 

The Limit of Detection (LOD) based upon the sample concentration equivalent to 
three times the baseline noise of a control sample was calculated as follows: 

LOD (µg/L) = 3 × height of control baseline noise × control dilution factor × 
calibration standard concentration (µg/mL) / height of calibration standard peak 

The Method Detection Limit (MDL) based upon the sample concentration equivalent 
to the lowest calibration standard was calculated as follows: 

MDL (µg/L) = lowest calibration standard (µg/L) × control sample dilution factor 

Validation Pass Criteria 
The validation was deemed acceptable if the following criteria were met for the 
primary and confirmatory transitions monitored for each compound: 

Mean Recovery and Precision 
Recovery and precision were acceptable if each fortification level had a mean 
recovery between 70 and 120% and a %RSD (relative standard deviation) ≤ 20%. 

Specificity/Selectivity 
Specificity was acceptable if no significant interferences at the retention time of 
Dicamba or DCSA were found in the control samples at > 30% of the LOQ. 
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Linearity 
The Linear range was acceptable if the lowest calibration standard concentration was 
≤ 80% of the equivalent LOQ final extract concentration. 

LOD (Limit of Detection) Assessment 
An estimate of the LOD was made at 3 × baseline noise for primary and confirmatory 
transitions for both compounds. 

MDL (Method Detection Limit) 
The MDL was calculated as the initial sample concentration equivalent to the lowest 
calibration standard (based upon a lowest standard concentration of 0.4 µg/L and a 
dilution factor of 0.05). 

Matrix Assessment 
An assessment of matrix effects was made by comparison of peak areas for triplicate 
standards prepared in acetonitrile: water (25:75 v/v) and in each control matrix final 
extract. This was assessed for both compounds and for the primary and confirmatory 
transitions. 

Results were presented as a % difference from the mean non-matrix standard value. 

A difference of > 20% was considered significant. 

If matrix effects were determined to be significant, matrix matched calibration 
standards would be used for method validation. 
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PERFORMANCE CRITERIA 

The method validation for Dicamba in surface water (using matrix matched 
calibration standards) met the performance criteria as presented in the following table: 

Criterion Acceptable Limits 
Study Performance 

Primary Confirmatory 

Specificity 

Peaks attributable to the test 
substance should be sufficiently 
resolved from any peaks found in 
the samples of control matrix to 
enable quantification. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

Linearity: 
Correlation 
Coefficient 

The data should have a correlation 
coefficient (r) of not less than 
0.995. 

Matrix Effects 

Possible effects of sample 
components will be evaluated. 
The effects of matrix enhancement 
or suppression will be evaluated 
through the comparison of solvent-
based and matrix-matched 
standards. 

Matrix-matched and solvent-based standards were 
prepared and analysed. Matrix effects were 
insignificant (<20% difference from non-matrix 
standards), however matrix matched calibration 
standards were used for method validation due to a 
significant matrix effect for DCSA confirmatory 
transition. 

Accuracy: Mean 
Recoveries 

Mean recoveries of 70.0 to 110% 
for each fortification level will be 
considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 10× LOQ, 1 µg/L: 

Accuracy: Test 
Concentrations 

The study will be performed at 
two fortification levels which are 
set by anticipated testing levels, the 
lowest of which is the LOQ for this 
analysis and the high being the 
highest predicted level to be used 
during testing. 

This portion of the study was performed at levels of 
0.1 and 1 µg/L; 0.1 µg/L was set as the LOQ. 

Precision: 
Relative Standard 
Deviation (RSD) 

Relative Standard Deviation (RSD) 
≤20% for each fortification level 
will be considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 10× LOQ, 1 µg/L: 

Precision: 
Repeatability of 
Recovery 

Five determinations will be made 
at each fortification level. 

Five replicates were prepared and analysed for each of 
the two fortification levels. 

Limit Of 
Quantitation 
(LOQ) 

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

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

Limit Of 
Detection (LOD) 

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

0.0243 µg/L 0.0309 µg/L 

Method 
Detection Limit 
(MDL) 

The MDL will be set at the lowest 
concentration that can be detected 
in test solution samples. This value 
is calculated based on the 
concentration of the low calibration 
standard and the dilution factor of 
the control samples. 

0.02 µg/L 0.02 µg/L 

Confirmation of 
Analyte 
Identification 

A chromatographic confirmatory 
method will be used to determine 
test solution concentrations during 
validation. 

Primary ion: 
218.9/174.4 amu 
Meets all method and 
guideline specifications 
outlined in this table. 

Confirmatory ion: 
220.9/176.7 amu 
Meets all method and 
guideline specifications 
outlined in this table. 
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The method validation for DCSA in surface water (using matrix matched calibration 
standards) met the performance criteria as presented in the following table: 

Criterion Acceptable Limits 
Study Performance 

Primary Confirmatory 

Specificity 

Peaks attributable to the test 
substance should be sufficiently 
resolved from any peaks found in 
the samples of control matrix to 
enable quantification. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

Linearity: 
Correlation 
Coefficient 

The data should have a correlation 
coefficient (r) of not less than 
0.995. 

Matrix Effects 

Possible effects of sample 
components will be evaluated. 
The effects of matrix enhancement 
or suppression will be evaluated 
through the comparison of solvent-
based and matrix-matched 
standards. 

Matrix-matched and solvent-based standards were 
prepared and analysed. Matrix effects were 
insignificant (<20% difference from non-matrix 
standards) for the primary transition, but significant for 
the confirmatory transition, therefore matrix matched 
calibration standards were used for method validation. 

Accuracy: Mean 
Recoveries 

Mean recoveries of 70.0 to 110% 
for each fortification level will be 
considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 10× LOQ, 1 µg/L: 

Accuracy: Test 
Concentrations 

The study will be performed at 
two fortification levels which are 
set by anticipated testing levels, the 
lowest of which is the LOQ for this 
analysis and the high being the 
highest predicted level to be used 
during testing. 

This portion of the study was performed at levels of 
0.1 and 1 µg/L; 0.1 µg/L was set as the LOQ. 

Precision: 
Relative Standard 
Deviation (RSD) 

Relative Standard Deviation (RSD) 
≤20% for each fortification level 
will be considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 10× LOQ, 1 µg/L: 

Precision: 
Repeatability of 
Recovery 

Five determinations will be made 
at each fortification level. 

Five replicates were prepared and analysed for each of 
the two fortification levels. 

Limit Of 
Quantitation 
(LOQ) 

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

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

Limit Of 
Detection (LOD) 

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

0.0129 µg/L 0.0613 µg/L 

Method 
Detection Limit 
(MDL) 

The MDL will be set at the lowest 
concentration that can be detected 
in test solution samples. This value 
is calculated based on the 
concentration of the low calibration 
standard and the dilution factor of 
the control samples. 

0.02 µg/L 0.02 µg/L 

Confirmation of 
Analyte 
Identification 

A chromatographic confirmatory 
method will be used to determine 
test solution concentrations during 
validation. 

Primary ion: 
205.0/161.0 amu 
Meets all method and 
guideline specifications 
outlined in this table. 

Confirmatory ion: 
205.0/125.0 amu 
Meets all method and 
guideline specifications 
outlined in this table. 
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The method validation for Dicamba in ground water (using non-matrix matched 
calibration standards) met the performance criteria as presented in the following table: 

Criterion Acceptable Limits 
Study Performance 

Primary Confirmatory 

Specificity 

Peaks attributable to the test 
substance should be sufficiently 
resolved from any peaks found in the 
samples of control matrix to enable 
quantification. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the 
peak attributable to the 
test substance. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

Linearity: 
Correlation 
Coefficient 

The data should have a correlation 
coefficient (r) of not less than 0.995. 

Matrix Effects 

Possible effects of sample 
components will be evaluated. 
The effects of matrix enhancement or 
suppression will be evaluated through 
the comparison of solvent-based and 
matrix-matched standards. 

Matrix-matched and solvent-based standards were 
prepared and analysed. Matrix effects were 
insignificant (<20% difference from non-matrix 
standards), therefore non-matrix matched 
calibration standards were used for method 
validation. 

Accuracy: Mean 
Recoveries 

Mean recoveries of 70.0 to 110% for 
each fortification level will be 
considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× 
10× LOQ, 1 µg/L: 

Accuracy: Test 
Concentrations 

The study will be performed at 
two fortification levels which are set 
by anticipated testing levels, the 
lowest of which is the LOQ for this 
analysis and the high being the 
highest predicted level to be used 
during testing. 

This portion of the study was performed at levels of 
0.1 and 1 µg/L; 0.1 µg/L was set as the LOQ. 

Precision: 
Relative Standard 
Deviation (RSD) 

Relative Standard Deviation (RSD) 
≤20% for each fortification level will 
be considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 
10× LOQ, 1 µg/L: 

Precision: 
Repeatability of 
Recovery 

Five determinations will be made at 
each fortification level. 

Five replicates were prepared and analysed for each 
of the two fortification levels. 

Limit Of 
Quantitation 
(LOQ) 

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

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

Limit Of 
Detection (LOD) 

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

0.00442 µg/L 0.0430 µg/L 

Method Detection 
Limit (MDL) 

The MDL will be set at the lowest 
concentration that can be detected in 
test solution samples. This value is 
calculated based on the concentration 
of the low calibration standard and 
the dilution factor of the control 
samples. 

0.02 µg/L 0.02 µg/L 

Confirmation of 
Analyte 
Identification 

A chromatographic confirmatory 
method will be used to determine test 
solution concentrations during 
validation. 

Primary ion: 
218.9/174.4 amu 
Meets all method and 
guideline specifications 
outlined in this table. 

Confirmatory ion: 
220.9/176.7 amu 
Meets all method and 
guideline specifications 
outlined in this table. 
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The method validation for DCSA in ground water (using non-matrix matched 
calibration standards) met the performance criteria as presented in the following table: 

Criterion Acceptable Limits 
Study Performance 

Primary Confirmatory 

Specificity 

Peaks attributable to the test 
substance should be sufficiently 
resolved from any peaks found in the 
samples of control matrix to enable 
quantification. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the 
peak attributable to the 
test substance. 

No extraneous peaks 
occurred which could 
interfere with 
quantification of the peak 
attributable to the test 
substance. 

Linearity: 
Correlation 
Coefficient 

The data should have a correlation 
coefficient (r) of not less than 0.995. 

Matrix Effects 

Possible effects of sample 
components will be evaluated. 
The effects of matrix enhancement or 
suppression will be evaluated through 
the comparison of solvent-based and 
matrix-matched standards. 

Matrix-matched and solvent-based standards were 
prepared and analysed. Matrix effects were 
insignificant (<20% difference from non-matrix 
standards), therefore non-matrix matched 
calibration standards were used for method 
validation. 

Accuracy: Mean 
Recoveries 

Mean recoveries of 70.0 to 110% for 
each fortification level will be 
considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 
10× LOQ, 1 µg/L: 

Accuracy: Test 
Concentrations 

The study will be performed at 
two fortification levels which are set 
by anticipated testing levels, the 
lowest of which is the LOQ for this 
analysis and the high being the 
highest predicted level to be used 
during testing. 

This portion of the study was performed at levels of 
0.1 and 1 µg/L; 0.1 µg/L was set as the LOQ. 

Precision: 
Relative Standard 
Deviation (RSD) 

Relative Standard Deviation (RSD) 
≤20% for each fortification level will 
be considered acceptable. 

LOQ, 0.1 µg/L: LOQ, 0.1 µg/L: 

10× LOQ, 1 µg/L: 
10× LOQ, 1 µg/L: 

Precision: 
Repeatability of 
Recovery 

Five determinations will be made at 
each fortification level. 

Five replicates were prepared and analysed for each 
of the two fortification levels. 

Limit Of 
Quantitation 
(LOQ) 

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

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

All blank sample values 
were <30% of the LOQ 
(0.1 µg/L). 

Limit Of 
Detection (LOD) 

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

0.00420 µg/L 0.00262 µg/L 

Method Detection 
Limit (MDL) 

The MDL will be set at the lowest 
concentration that can be detected in 
test solution samples. This value is 
calculated based on the concentration 
of the low calibration standard and 
the dilution factor of the control 
samples. 

0.02 µg/L 0.02 µg/L 

Confirmation of 
Analyte 
Identification 

A chromatographic confirmatory 
method will be used to determine test 
solution concentrations during 
validation. 

Primary ion: 
205.0/161.0 amu 
Meets all method and 
guideline specifications 
outlined in this table. 

Confirmatory ion: 
205.0/125.0 amu 
Meets all method and 
guideline specifications 
outlined in this table. 
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Analytical Procedure 

Procedure Title 

Procedure Code 

Issue Date 

Page Number 

Determination of Dicamba and DCSA in Ground 
Water and Surface Water by LC-MS/MS 

SMV 3202423-02V 

12 September 2019 

1 of 12 

The methodology described in this procedure has been validated in Borehole 
Ground Water and Fountains Abbey Surface Water at 0.1 and 1 µg/L. 

Study Number 3202423 
Final Report 

Appendix 3 
Analytical Procedure 
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APPARATI IS, l\lATERL-\LS, REAGK\TS AND SOLi ITIONS 

Apparatus and Glassware 
• Shimadzu I\exera series HPLC system \\ith AB Sciex. \PI 5000 l\ISl:VIS detector. 
• HPI ,C column: Agilent H_'-C 1 X Poroshell 120, I 00 x 1 mm. 2_ 7 pm 
• Anal1tical halance 
• Rotarv evaporator 
• Sample concentrator 
• Glass ss,paraling funnds (150 mL) 
• Round bottom flask (250 mL) 
• Glass lubes v, ith screw caps 
• Posilivc displaccment pipdtcs 
• \'olumdric flasks 
• i\mbcr glass Yials 
• Disposable glass Yials 
• HPI ,C Yials 

Ec1uivals,nt equipment may be used if required 

:\Iatclials 
• Acetonitrile 
• Dichloromethane (DC~I) 
• \V ater 
• Concentrated hydroch lone acid 
• O.l~oFonnicacidinwakr 
• 0.1 ~o Fom1ic acid in acetonitrile 

Equivalent materials may be used if required 

Rca~cnts 
.1cetonitrile: ll'ater (25: 75 l'lv) 
\fr, 50 ml acetonitrile with 150 ml_ water 

Reagent ,olumcs may be scaled as appropriate. 

Standard Solution Preparation [1 b, -:la] 
Primary Standard Stoel, 

HPLC grade, VWR 
L\CS reagent. Sigina 
:Vlilli-<J (with J ,CP-\K polisher) 
ACS reagent. Sigma 
LC-MS grads,, Honeywell 
LC-MS grade, Honevwell 

Separately prepare duplicate stock solutions of each Dicamba and DCS. \ test 
mhstonce and rf'j<'l"!'nce .rnhstm1ce at 1000 ftg ml, in acetonitrile. Accurately weigh 
> IO mg test reference substance. cotTectc:d for puritv and transfer mto a IO 111 l, 
volumetric flask. Adjust th-, volume lo give -,xadh 1000 pgmL. Tnmsfer into amber 
glass bollks. The primar) stocks should be slorcd refrigerakd and given a nominal 
expiry date of 3 months. 

Standard Correlation 
Dilute the duplicate primary stocks to the mid-point ofth-.; calibration line. Correlate 
the standard solutions by injecting each of the two calibration standards 5 times into 
the LC-MS/MS. Ensure that the two solutions are injected alternately in the run 
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sequence. T11e results for the c01rclation should be _!_ 5 % of the m erall mean 
calculated by peak areas. 

Re,•ie,v of Results 
Review the data and document the con-elation calculations. If the eom.;lation is out of 
specification. either repeat the injections, re-dilute, or prepare two new stock 
standards and repeat the procedures 111 sections < <lmtwl 11 ·e1ghmg ofStoek 
Sululiuns ••lo / /RePiew u(Resu/ts> >. 

If the acceptance criteria from section < <Stnndord ( 'orr!"!ntion< • · have been met. 
then the calibration solutions am acceptable for use. If required. fortification solutions 
for mdhod validation ½ill be made from the smne stock slm1dm-d. or its dilutions. 
from which the calibration line, has bcc,n prcpan:d. 

Secondarv Stocks 
Prepare sc,comlarv stock solutions ufDicamba and DCSA /es/ subslum.:e and 
reference substance as described in the following table: 

Subslance Primary Stock Yolume Sohenl Final Sub Stock 
Concentration Taken Yolume Concentration 

(11J!/mL) (mL) (mL) /m,lmL) 
nicsmhs 1000 () 1 

.--\cetonitri le 
]() JC, 

u,:sA ](JOU U.l lu le 

Suh-Stocks 
Prepare sub-stock solutiom D1camba and ])CSA test suhstance as described in the 
follo½ing table: 

Substance Secondary Stock 
Concentration 

Dicamba 
IJC:SA 

':vlixo,l 
Eqrnv,1lent t11 '2(10 pg.1T, 
Eyw,<1lcnt lo 2G µg 1. 

(ue/mL) 
10 
]I) 

G.: 

\'olume 
Taken 
(mL) 

().~ 

o.·~ 
1 

Solnnt Final Suh Stock 
Yolume ConccnlraHon 

(mL) (ue/mL) 

]() ol 

.--\cetonitri le 
10 0 01-

Prepare sub-stock solutions of Dicamba and DCSA reference s11hsrance as described 
in the following table: 

Substance Primary Stock \'olume Solnnt Final Suh Stock 
Concentration Taken Yolume ConccnlraHon 

(flJ(lml.) (ml,) (mL) (flJ(/111 L) 
Dicarnba 10 O.~ 

. \cctonitrilc 10 0.::::1 
TlCSA 10 ()_~ 

E4 w, alcnt lo 200 µg, L. 

J'ransler into disposable glass vials. The sub-stock solutions should be prepared on 
the dav of use. 
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.Uatrix: Jfatched Standards for ,Uatri,x 1ssessment 
Prepare mixed ground water and surface water matrix matched standards of J )1camha 
and DCSA referencf' suhstance in disposable glass vials as described in the following 
table: 

Stock Concentration Volume Taken Solnnt Final Volume ('.oncentration 
/w,/L) (mL) (mL) (!IJ(iL) 

'_)()() ()_02" ~.::; ) 

-
'.:GO 0025 \\Ta Ler final e:'\.lracl 1.5 2 
~no ()_()'.::'" ~.::; ::: 

Son-,Uatri.,;; ,Hatched Standards for ,Uatrix Assessment 
Prepare mixed non-matri:-,: matched standards of Dicamba and DCS,1 reference 
mhstana in disposable glass vials as described in the following table: 

Stock Concentration Yolume Taken Solvent Final Yolume Concentration 
(!IJ(/1.) (mL) (mL) (Lll(/L) 

:::oo 0 025 
i\cdonitri1c: v;·;::iter 

~-5 ,_, 

'_)()() ()_():) :2.) ,_, 

'.:GO 0.025 
(JS:75 v. v·1 

~-5 ::: 

Calibration Standards 
Prcpar0 mi.,cd calibration standards ofDicamba and DCSA reference subslunc.:e as 
described in the follo\Ying tabk: 

Slock Concenlralion Yolume Taken 
Solvent 

Final Volume Concenlralion 
(lll!il,) (mL) (mL) (11!!/L) 

200 0.25 10 ,) 

5 0 R 1 ➔ 
~ ()_() 

Acc:lunilrilc: 
I 3 

) () 4 
1_:v:ikr ('.::'"·7_.;, v/v)1 I ::: 

5 o.: I I 
5 0.12 I O.G 
5 () ox 1 04 

.,. 
Ifnrnlt1xeffccls aie s1g111l1eanl use vvalc1 fmal exliad as lhe svlvenl. 

A single set of calibration standards should he prepared for each validation hatch and 
injected twice. interspersed with and bracketing the samples. 
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PROC'EDl'RES 

.'\11 procedures will be cmried out in compliance with dcpmtmental SOPs. following 
depattmental safety procedures m con_1unction with COSHH assessments . 

. \11 work should be carried out under th-: minimum control categories lishxl under the 
safety prec:mtions section .. \dditional controls are listed with the indi,idual steps of 
the procedure. 

Fo1iification of Control Samples for Method Yalidation [1 b, 4a] 
\•leasure 50 ml, of either ground water or sutface ,,ater into a glass separating funnel. 
Fottit~- samples with Dicamba and DCSA fl"sf s11hsfrmc!" using a mixed standard in 
acdonitrile as shown in the following table: 

.\/um her of Sample Type Stork Volume Sample Fortified 
Rcplicaks Concl'ntralion Added Voluml' Conccnlralion 

(ul!iL) (mL) (m L) (ul!/L) 
I R...:ag...:nl blank N/A '.J,A 50 N'' ~ 
' ('.rmtrol NI.\ N.i\ ,() N'.I\ -
5 LO() 20 (J..25 S,J 0 j 

s 1 () y ]/)!~ :0,1 () :, 5() 1 
NA~ Not Applicable. 
1 Use Milli-Q wcter for the rcc:;cnt blcnl:. 

Sample Extraction [lb, -la] 
1. \fcasure 50 mL of water into a glass scpm·ating funnel. 
2. Add 0.16 ml. or O 17 ml. concentrated hydrochloric acid to ground and 

surface water respectively and mix well (critical stepL 
3. Check the pH of a control sample using a pH meter. whid1 should be 

approximatdy pII 1.62 to pII l.GG. 
4 .. \de! 50 mL DCM and shake vigorously for approximately 1 minute. 
5. Transfer the bottom layer (DC\1) into a 250 ml. round bottom flask. 
6. Repeat steps 4-5 twice more. com bin mg the three extracts. 
7. Place on a rolan evaporator set lo 30"C until approximatelv 3 ml remains. 
8. Transfor lo a glass tube, rinsing the ilask into lh-: tub-: with 3 mL DC'vL 
9. Evaporate to dryness under a gentle stream of nitrogen without heating. 
IO Reconstitute with acetonitrile: water (25:75 v 1,). according to the final ,olume 

given in the following table. 
11. Vortex mix and then ullrasonicak for 5 minutes. 
12. Tran,for into an IIPLC \ ial for analysis. 
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!he recommended dilution procedure is gi\'en in the following table: 

Sample type Fortified Sample Volume Final Volume Dilution Factor 
Concenlralion (mL) (mL) 

(11g/L) 
Rellgenl bhmk 1\/A Nii, 2.~ 0 05 

t::ontrol ]':!.\ 50 :.5 0 05 
LUV IJ.] )IJ ::.:-- 0.0) 

10 LOQ I 50 12.5 0.25 
'-J 'A~ Not Applicahla 
1 U::sc aJJiliunal conlrol cxl.rucls fur nrnlrix rn<1lchcJ calibration stanJarJ::,-, if rcy_uircJ. 
2 lf matrix-matched dilutions ,::ire required, make to a final volume of 2.) m J, in acetomtrilc· wt1tcr 
1:25:75 \·/\·) then Jilute 0.2 mL lo 1 mL with cvnlrul extract 
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Parameters: 

Instrument: 
C'.olumn# 
'\lobik Phase 
vlohile Phase h# 
Flmv Rak: 
c +radicnt· 

Rw-1 Time: 
c :olumn Tempernture· 
.\utusarnpkr I c:rnpc:raturc: 
Iniect1on Volume: 
Retention Time: 

'.'IS/'vfS P arametcrs: 

Inc-;lrumcnl: 
f0nis;:itirm Type# 
Puh1rily /+ 
Scan T,,pe/c· 
Rcs0lul1011 Q 1: 
Rc:solut10n er~ 

\'ollagc: 
n-as ,-\J)'·1· 

Cw-lain Ga::, 
c+as Flow I (ClS I)· 
Gas flew 2 (GS2): 
Vaponser lempernture (TFM)· 
Inkrfacc II,._:alcr ( ihc '·1: 

Hntrnncc Potenti;:il 1.-EJY·1· 
C0llision E:zit Polcntial ( C:='{P) 
l'rans1tJon N;:ime 

Dicaml~a 1.J'rirn,iry): 
l )1cr1mba i.:_< :0nfirmr1tory) 
DCS/1.. 1:Prirnary) 
I )CSA ! C:onfirm;:it0ry)· 

A.nalvlical PrnceJw-c Sl\1lV 3:20.2423-0:2\" 

LC-MS/MS C'ONDITIOI\S 

Shim~u.izu ~cxcra scri...:s IIPLC system 
H :-C: I 8 Pornshel I I 21J, I IJIJ x 3 mm, 2. 7 ,um 

f,..)nnic aciJ in waler 
O. l % Formic acid m acetonitnle 
05mL'min 

Timci.'min) 
u 00 

\1ohile Phase A(''!,) ~ lohile Phase h ,) 
75 ~~ 

(j :o 
s so 
/ (JI) 

7.01 
91,() 

9.0 minute;; 
4ifC 
5 C 
l:i ,uL 
Appro,;. 3. J, minutes ,J)icambc) 
Approx . .2.65 minutes 1.UCSAl 

Time ,.:min) 
(j 

I 

75 
5 

" 75 
75 

Po-;ition 
A (to waste) 
D (to '\IS, 

A (to waste) 

AD Scicx 1\PI 5000 Triple QuaJrupuk :\·Iass Spcclrnmckr 
Flectrnsprny ,.:FSl) 
Nc~ali\ c 
l'vlultiple reaction morntonng ( \;Jl{ \,IJ 

Luv✓ 

l,mv 
-4500 \' 

30 
40 
40 
4()0'~(: 

On 
-10 
-II 

M ]{ \~ lrnnsit10n 
km:; 1-,IunilurcLi 

218 9 '] 74 4 
2~09'176 7 
205 O'!Glu 
2()', ()'12" (J 

l )eclustering 
Pulrntial 

! ])1'1 

-70 
-61 
-40 
-40 

( :C.1 llis1on 
En...:rgy 
,Tf') 

-10 
-10 
-17 
-.1 I 

l lwell lime (ms) 

250 
2)0 

so 
SI) 

Parameters marked /- may not he modified. Minor adjustments to the remaining 
parameters may he required in order to folly optimise the svstem. 
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CALC:IILATIO", OF IU'.SULTS 

.'\11 pe:ik measurements and calculations arc performed on .\nalyst 1.6.2. From the 
measured peak area, where the calibration tit is linear as in this study, Analyst uses 
the following fonnula to calculate the concentration oftest substance present in the 
sample extract. 

(v - c) 
x=-'--xDF 

m 

x - concentral!on of test substance in sample (.ugd.) 
y - area of peak Jue lo lest substance 
m gradient 
c - Y intercept on calibration graph 
I)/< ~ sample dilution factor 

Procedural recovery dat:i from fmtified samples arc calculated Yia the follo\\ing 
equation: 

.. ··. A Recovery(~ o)--><100 . s 

A ~ concentration found in fortitied sample (rig/I,) 
S - concentration aJJeJ to fortified sample (µg,/L) 
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METHOD CRITERL-\ 

For the :malysis by LC- \1S 1MS to be considered successful the following criteria 
should he met. 

• Al kasl 5 calibration slandanls 1Aill bc L1sed in the ddenninalion of the calibration 
line. 

• The c01rclation coefficient (r) for the calibration line will be ::: 0.995 with a Lx 
Yveighting. 

• All sample extracts will he within the appropriate range of calibration standards. 
• !\lean recovery from fortified samples will he considered acceptable within the 

range of 70 to 110°10 with a relative standard deviation (RSD) _ 2O~o. 
• TI1e control smnph, should not contain inkrforencc: 30°0 of the LOQ. 
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GENERAL HANDLING CONTROL C:ATE(;ORIES 

C\TEGORY COl\TROL 
:Vlain Divisi0n 'fame and Spec1ficatl()n 
I c+IOHS 

a Disposable lakx 
b Disposable nilrile 
C Rubber gloves 
cl Specific type for the j0b (see assessment giving details) 

2 PROIEC IWE CLOIHINc+ 
a Laboratory coal or equivalent 
b Disposable overalls 
C Ovcrs!cc,cs 
cl Overshoes 
e Plastic apron 

3 EYE'~ACE PROJECTION 
a Safat v glasses lo DS 2092/2 C or bdter 
b face shid<l to DS 2092/2 C or bctkr 
C Safety goggles to BS 209212 C or better 

4 E'-IGINEERII\O COI\TROI ,S 
a Open bench 111 Yentilatecl area 
b Fum.e cupbo,ll'<l lo BS 7258 
C Laminar 11ow cabinet to DS 5295 Class 1 
d Re-circulating fume chamber 
e Radioisotope lab 
f f-liohazarcl lab 
g Glove box 

5 RESPIRATORY PROTECTIVE EQUPME'H 
a Disposable filtering facemask (IISE apprm cd), 

I - orgamc vap0ur 
II - dust 
iii - combination organic vapourhlusl 

:VIUST SPECffY TYPE 
b Powered respirators/helmets \Yith s:ifcty ,isor to DS 2092 12 C 

or better (HSE approved) 
C Respirator with specified canister (HS E approved) 

6 SPECIFIC 11\1:VILI\ ISATIOI\ REQlJ IRED (GIVE DETAii .S 1 

7 ALLERGIC PERSONS PROHIBITED (SPECIFY ALLERGYJ 
8 REI'ER TO I\IATERIAL SAFETY DATA SIIEET 
9 Kl\O\VN OR SUSPECTED REPRODUCTI\-E IIAZARD TO 

EITHER SEX (must specify details) 
10 POISON ensure antidote is a,aibble and is within its expiry 

<late, (must specif\ details) 
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