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• Widespread global use as weed control agents 
and plant growth regulators for agricultural crops, 
lawns, and gardens 

• Active ingredients in AcH products account for 
more use than all the other types of pesticides 
combined
‒ 2,4-dichlorophenoxyacetic acid (2,4-D), dicamba, 

triclopyr, and other AcHs
• EPA recently ruled in favor of continued use of 

dicamba
‒ Despite complaints and concern about drift across 

plots during spray application 
‒ Adjustments in regulation around application 

patterns

Acid Herbicides (AcHs)

Dicamba

MCPA
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Acid Herbicides Analysis

• Historically determined by gas chromatography with element selective 
detectors such as electron capture

• EPA Method 8151: CHLORINATED HERBICIDES BY GC USING 
METHYLATION OR PENTAFLUOROBENZYLATION DERIVATIZATION
‒ Derivatization to form volatile species required
‒ Derivatization + GC widely being considered more inefficient and unreliable

• LC-MS/MS as a GC replacement technology, eliminating the need for 
the derivatization step
‒ In a literature review of chlorophenoxy acid herbicide methods, LC-MS/MS 

was the prevalent technology cited

• LC-MS/MS methods use predominately negative mode electrospray 
ionization (ESI−) 
‒ Acidic functional groups easiest to ionize as their conjugate base
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• Major dicamba metabolites also relevant 
‒ 5OH-dicamba, DCSA (DCGA)
‒ Environmental persistence

Metabolites

Dicamba

DCSA

5-OH-dicamba

DCGA
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• Methods and data are presented which demonstrate LC-MS/MS for 
accurate and sensitive quantitation of dicamba, acid herbicides, and 
some metabolites in water, soil, and soy foliage samples.

• Quantitation was achieved to ng/g levels (in sample) for many analytes, 
and isotopic internal standard of dicamba was employed to assess 
recovery and maximize method performance for linearity and accuracy

• Agricultural samples were analyzed to demonstrate sensitivity, recovery, 
and precision in complex matrices

Key Points Demonstrated

Overview
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• SCIEX ExionLC™ AD
• Chromatographic gradient 

conditions using a Phenomenex
Kinetex® F5 column (2.6 μm, 100 
x 3 mm)

• Flow rate of 0.500 mL/min

HPLC Conditions
• SCIEX 6500+ QTRAP system
• Turbo V™ source operated in 

positive mode electrospray 
ionization (ESI)

• MRM experiment monitored 2 
transitions for each analyte
‒ Optimized compound-specific voltages 

were designated for maximum 
sensitivity and specificity

MS Conditions

Analytical Conditions

• Column oven 
temperature 25°C 
and a 50 μL injection 
was used 

• Run time was 17 
minutes
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Chromatography

• F5 stationary phase demonstrated 
excellent retention and resolution for 
these small, polar species

• 17 minute gradient maximizes 
separation from matrix interferences

• RT values were specified for each 
MRM transition to optimize cycle time 
for best peak shape and quantitation

• Mobile phases are water and 
methanol with 0.1% formic acid

• Gradient program:

Bentazon, MCPA, MCPP
at 10 ug/L

2,4-D, Dichlorprop, 2,4,5-T, MCPB
at 10 ug/L

Dicamba, 5OH-Dicamba
at 25 ug/L

Time %B
1 40
4 52

12 85
13.5 90
14.5 90
14.6 2
17.5 2
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• Acid herbicide LODs mostly <1 ng/mL range, with some exceptions 
including 5OH-dicamba
‒ d3-Dicamba ISTD
‒ Occurrence data collected for soils collected from various spatial targets
‒ Occurrence data collected for soy plant tissue 

• Data processing performed using MultiQuant software 

• d3-Dicamba used as ISTD

• Signal to noise evaluated Peak-to-Peak with 1 point smooth

Data Processing
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Acid herbicide LODs in the ng/L range, with metabolite LODs in the ug/L range

Data Analysis and Method Performance Evaluation

Compound ID
LOD 

(ng/mL, in 
vial)

LOQ (ng/mL, 
in vial)

LOQ (ng/g, in 
sample) S/N at 1ppb %CV at 1ppb %CV at 

25ppb Cal Range

2,4,-T 0.1 0.25 3.5 132 12% 11% 0.1 - 50
2,4,5-TP 0.025 0.05 0.7 72 18% 6% 0.025 - 50
2,4,-D 0.025 0.05 0.7 226 6% 7% 0.05 - 50
2,4-DB 5 10 140 -- -- 3% 5 - 50

5OH-Dicamba 1 2.5 35 49 26% 3% 0.5 - 50
Acifluorfen <0.1 0.1 1.4 17 10% 11% 0.1 - 50
Bentazon <0.01 <0.01 <0.14 1883 5% 3% 0.1 - 25

DCGA 5 10 140 -- -- 7% --
DCSA 1 2.5 1.4 7 7% 8% 0.05 - 50

Dicamba 0.25 1 14 25 14% 11% 0.25 - 50
Dichlorprop 0.025 0.05 0.7 586 2% 5% 0.025 - 50

MCPA 1 2.5 <0.14 4 1% 3% 0.01 - 100
MCPB 0.5 1 14 384 6% 2% 0.5 - 50
MCPP <0.01 <0.01 <0.14 560 3% 3% 0.01 - 100
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• Calibration curves over 
concentration levels from 0.025 - 50 
µg/L

• Calibrators made as mixtures in 
solvent

• Linear regression models with 1/x 
weighting to fit all calibration curves

• LOD was defined as the lowest 
calibrator S/N ≥3 

• LOQ was defined as the lowest 
calibrator with S/N ≥10

Calibration regression and linear response

2,4,5-T calibration
0.1 – 50 ug/L
r = 0.998

5OH-Dicamba calibration
0.25 – 50 ug/L
r = 0.907

Dicamba calibration
0.25 – 50 ug/L
r = 0.996
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• Soil samples and soy foliage collected 
from impacted fields in the US Midwest

• Sampling locations varied about the 
field site

• “Foliage” vs. a human consumed food 
product

• 7 soy foliage samples 
‒ Target field, planted rows, and 

increasing distances from field

• 5 soil samples
‒ 3 from target field, and 2 from increasing 

distances

Agricultural Samples
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• Acidified acetonitrile extraction without cleanup 

• Addition of water 

Sample Preparation

10 mL water
Spiking
Mixing

ACN + 1% 
formic acid
Shake
Centrifuge
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Measurements in Matrix

Sample Compound

Concentration 
(ng/g, in 
sample)

TARGET FIELD Dicamba 9.38

Dichlorprop 0.14

TARGET FIELD MCPA 55.58

MCPP 0.28

20 YARDS DCSA 12.32

Concentrations detected in:
Soil Soy foliage

Sample Compound

Concentration 
(ng/g, in 
sample)

TARGET FIELD 
80 N

2,4,5-T 4.06

Dichlorprop 2.1

Between trout 
rose beans

2,4,5-T 7.28

Dicamba 4.34

Horral Beans 
berts

2,4,5-T 5.6

2,4,5-TP 0.14

2,4-D 0.7

Dichlorprop 1.26

CENTER OF 
FIELD

2,4-D 1.54

Dichlorprop 1.12

Sample Compound

Concentration 
(ng/g, in 
sample)

GRASS LANE

2,4,5-T 7.42

2,4,5-TP 0.42

2,4-D 0.14

Dichlorprop 0.56

40’ from target

2,4-D 3.36

Acifluorfen 6.16

Dicamba 2.66

TARGET 
FIELD

2,4,5-TP 0.98

2,4-D 3.08

Dicamba 2.8

Dichlorprop 2.52

MCPP 2.8
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Measurements in Matrix
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• 2,4,5-T and Dichloprop detected most frequently 
‒ In most vegetation samples and one soil sample

• 2,4-D detected in most vegetation samples but not in any soil samples

• One soil sample (from a target field) showed a very high level of 
MCPA (>50ng/g in sample)

“Real – world” agricultural samples acquired for analysis

Measurements in Matrix

MCPA in soil 510185
Area 114149 MCPA in soil 510150

Area 1104852
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Recovery in Matrix

Unspiked
Spiked, 1.5 ug/L
146% Recovery

Spiked, 7 ug/L
119% Recovery

Dicamba in soil: Spiked (high), spiked (low), unspiked

Dichloprop in soy foliage: Spiked, unspiked

Spiked, 5 ug/L
70% Recovery

Unspiked
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Precision in Matrix

Acifluorfen, endogenous detection in soy foliage: 7% CV for triplicate injections

2,4-D, spiked in soil: 4% CV for triplicate injections
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Dicamba-d3

ISTD Robustness

%CV of ISTD area 21% (soil and foliage)
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Summary

• Quantitation was achieved to ng/L levels for many analytes in neat 
calibration solutions

• Corresponding to ng/g levels in the field samples 

• Isotopic internal standard of dicamba was employed to assess 
recovery and maximize method performance for linearity and 
accuracy

• Agricultural samples were analyzed to demonstrate sensitivity, 
recovery, and precision in complex matrices

• Target field samples demonstrated highest frequency of analyte 
detection compared to samples collected further from fields
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