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Determination of the 1 'S and 1'R Diastereomers of Metolachlor
and S-Metolachlor in Water by Chiral Liquid
Chromatography —Mass Spectrometry/Mass Spectrometry

(LCIMSIMS)

A. KENT KABLER* AND SUNMAO CHEN

Environmental Fate Department, Syngenta Crop Protection, Inc., Post Office Box 18300, Greensboro,
North Carolina 27419

An enantioselective method for the separation and quantification of the diastereomer pairs of
metolachlor and S-metolachlor in surface and ground waters is presented. Samples are purified and
concentrated using a Cyg (octadecyl silica) solid-phase extraction (SPE) procedure and analyzed by
chiral column liquid chromatography—mass spectrometry/mass spectrometry (LC/MS/MS) interfaced
with either atmospheric pressure chemical ionization (APcl) or atmospheric pressure photoionization
(APPI) sources. The overall mean percent procedural recoveries (percent relative standard deviations)
are 89% (10.6%) for surface water and 80% (9.1%) for ground water. The method limit of quantitation
(LOQ) is 0.10 ppb. The method validation was conducted under U.S. EPA FIFRA Good Laboratory
Practice Guidelines 40 CFR 160.

KEYWORDS: Chiral; metolachlor; LC/MS/MS; photoionization; chemical ionization; diastereomer

INTRODUCTION <+—— Diastereomers ——»

Metolachlor [acetamide, 2-chloro-N-(2-ethyl-6-methylphen- Cl Cl
yl)-N-(2-methoxy-1-methylethyl)-] is a chloroacetanilide her- < <
bicide used primarily for the control of annual grasses and £=0 £=0
broadleaf weeds in corn and soybeans. It was introduced to the N N
marketplace in 1976 as a racemic mixture of two pairs of O /OH,0CH, By CH,OCH,
diastereomers,$(aS1S+ aR1'S and IR (aR1'R+ aS1'R), CH, H CH, H
with an isomeric ratio close to 50:50. The diastereomer pairs
are also atropisomeric because of the hindered rotation about as$,1’s - MOC aR 1’S - MOC
the phenyl—nitrogen bond, and their stereochemical structures I
are presented iRigure 1. Later studies showed that the majority '
of the herbicidal activity of metolachlor was associated with Enantiomers
the aR,1'Sand aS,1'Sisomers; thusS-metolachlor (S-MOC), cl Cl
consisting of an 88:12 ratio of 3/1'Risomers, was registered < <
in 1997 as a reduced risk pesticide under the Reduced Risk F=0° =0
Initiative of the EPA (). The replacement of the racemate with N N
the isomerically enriched product allows for a 35% reduction SNH SUH
in the application rate while still maintaining equivalent weed CH, CH,0CH, CH, CH,OCH,
control (2).

Sensitive, multiresidue methodology is reported for the achiral aR I'R - MOC a$,1’R—MOC

analysis of many chloroacetamides and their degradation Figure 1. Metolachlor stereoisomers and nomenclature.

products (3—4). However, because of the widespread use of

enrichedS-MOC, a change in the isomeric composition of acetamide pesticides include chiral column high-performance
metolachlor residues found in environmental matrices is ex- liquid chromatography (HPLC) with UV, polarimetric, and
pected (5—9). To monitor the magnitude of this isomeric shift, circular dichroism (CD) detectior1¢—11). While these methods

a sensitive enantioselective analytical method is required. have been used for detecting and characterizing metolachlor at

Current enantioselective methods for the analysis of chloro- high concentrations, they do not provide the sensitivity required
for residue monitoring at the parts per billion concentration level.

* To whom correspondence should be addressed. Telephone: 336-632-G0SS et al. have reported that “high sensitivity” polarimeters
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require large sample amounts in the range o2% ug (12). Table 1. Characterization Data for the Water Samples Used in the
Klein et al. have used capillary zone electrophoresis (CZE) and Method Validation

chiral column HPLC coupled with mass spectrometric (MS)

detection for the separation and analysis of the isomers of surface water ground water
metolachlor, and two of its metabolites spiked in ground water location High Point Macon
at 5ug L=1 (ppb); however, the method did not fully resolve City Lake County, GA
the R’ atropisomers of metolachlot8). Chiral high-resolution H 73 70
gas chromatography with mass spectrometric detection (HRGC/  calcium (ppm) 7.2 15
MSD) has also been used for the analysis of the isomers of  magnesium (ppm) 2.8 1.0
metolachlor. However, Buser et al.4) reported that elevated potassium (ppm) 20
temperatures{200°C), typically encountered in a GC injector ZSE;SS(SI?S:)(ppm) 72 38
port or column oven during chiral GC analysis, can cause pitate nitrogen (ppm) <0.10
thermal interconversion of the metolachlor atropisomers because  carbonate (mequiviL) 0
the phenyt-nitrogen rotational bond energy barrier (154 kJ/ chlaf!f(Jjonate (mequiviL) 0-59
mol) may be exceeded at typical GC operating temperatures. ;Ikglrilni?y(?rﬁg)of Cacos) %

In this paper, an analytical method is presented for the  pargness (mg of CACO4L) 30 43
analysis ofSmetolachlor and racemic (rac) metolachlor in water. conductivity (mmhos/cm) 0.12 0.16
Surface and ground water samples were fortified at 0.10 ppb tSOtolilu(;U adlsordptiopdrat(io (S)AR) (i-ff fi%)

imi i i Otal aissolvea solids m
[method limit of quantitation (LOQ)] and 1.0 ppb (%Othe wrbidity (NTU) PP - 106

LOQ) and analyzed for total metolachlor residues and isomeric
composition. The analyses were accomplished using chiral
column high-performance liquid chromatography/tandem mass
spectrometry (LC/MS/MS), employing two separate ionization

sources, atmospheric pressure photoionization (APPI) and

cartridge (Varian, Inc., Walnut Creek, CA., Part 12256001) containing
1 g packing/6 mL volume, preconditioned with-25 mL of methanol
and 2x 5 mL of 0.5% phosphoric acid. Metolachlor was eluted from

atmospheric pressure chemical ionization (APCI). the SPE cartridge with 15 mL of methanol and collected in a 50 mL
concentration tube. The drop rate during SPE using a vacuum aspirator
EXPERIMENTAL PROCEDURES was controlled to about 1 drop/s; thus, the load and elution steps

Standards and ReagentsAnalytical standards (chemical purity required aboqt 17 and 5 min, respectiv_ely. The eluate was evaporated
99%) of rac-metolachlor (Syngenta ID number CGA-24705, CAS to dryness using a rotary evaporgtor with awa_ter bath temperature of
51218-45-2), S-metolachlor (CGA-77102, CAS 87392-12-9), and 30—40°C, followed by reconstitution to the desired volume (1 mL for
R-metolachlor (CGA-77101, CAS 178961-20-1) were obtained from the LOQ samples) im-hexane/2-propanol (90:10, v/v). Typically, 12
the Analytical and Product Chemistry Department of Syngenta Crop Samples can be prepared as one set (or batch) and analyzed overnight.
Protection, Inc. (Greensboro, NC). Individual 200uigstock solutions Instrumentation. Analyses were performed using a Perkin-Elmer
were prepared by dissolving 20.0 mg (corrected for purity) of each Series 200 liquid chromatograph interfaced via APPI or APcl sources
standard into 100 mL of acetonitrile. Fortification standards were tg an Applied Biosystems/MDS Sciex API-365 tandem mass spec-
prepared by diluting each stock solution in acetonitrile/water (20:80, trometer. A ChiralPak AS-H, 0.46 cm i.ck 25 cm column (Chiral
V/V). A calibration stock solution of rac-metolachlor was prepared by Technologies, Exton, PA) maintained at Z5was used for separation
aliquoting 2.5 mL of the 200 ngL stock solution into a 50.0 ML 4f the metolachlor diastereomers. The chiral stationary phase (CSP)
volumetric flask and evaporating the solvent, acetonitrile, to dryness was amylase tris §)-1-phenylethylcarbamate] coated on silica gel
using an N-Evap nitrogen evaporator (Organomation Associates, Ber"n'support (17). The mobile phase consistedhdfexane/2-propanal (90:

MA). After the solvent was completely evaporated, the standard was 10, v/v) at an isocratic flow rate of 1.0 mL/min with a 1:5 split, 1 part

reconstituted by adding-hexane/2-propanol (90:10, v/v) to the mark. S
o) S . to the mass spectrometer and the rest to waste. The sample injection
External calibration standards were prepared by serial dilution of this . .
volume was 5QL, and the total analysis time was 12.0 min.

stock standard to concentrations ranging from 0-603.00 ng/L. The
organic solvents used were of high purity (HPLC grade) and were A Macintosh 8500 Power PC running MassChrom 1.6 was used to
obtained from Fisher Scientific (Pittsburgh, PA) and EM Science control the instrumentation. Metolachlor has an exact mass of 283.1
(Gibbstown, NJ). Water used in the preparation of the standards wasamu and was analyzed in the multiple reaction monitoring (MRM) mode
obtained from a Hydro Picopure (Research Triangle Park, NC) using positive polarity withm/z 284.1 as the protonated precursor
laboratory purification system. molecular ion (M+ H)™ andm/z252.1 as the product ion. The scan
Water Sample SourcesA bulk surface water sample was obtained rate was 0.2 s/scan with a dwell time of 200 ms. Toluene was used as
from City Lake Reservoir, High Point (Guilford County), NC. Ground a dopant during the APPI analysis to enhance photoionizaion and
water samples were obtained from control-monitoring well at a site infused at 0.6 mL/h using a Harvard syringe pump. Typical source
located in Macon County, GA. These samples were analyzed by Agvise operating conditions for APPI were as follows: ionspray voltage, 1300
Laboratories (Northwood, ND), and a summary of the characterization v; orifice potential, 24 V; ring voltage, 110 V; and source temperature,
data are presented iPable 1. ) 400°C. Because of the risk of explosion when using flammable solvents
Sample Storage.Water samples to be analyzed for residues of \yith a high voltage ion source, nitrogen was used as a nebulizing and
metolachlor andS-metolachlor should be stored in the dark at oain gas and the flow was set to 10 (1.2 L/min) for both. lons were
refrigerator temperatures (€). Previous work in this laboratory has fragmented in a collision cell using nitrogen as a collision-activated

s?orwg ”;Zt Ttitolachlo; dlifi stable r|1nd w?tglr f(f)rralt L:eriStntzhye?rrS wri:]en dissociation (CAD) gas with collision energy ef20 eV. Operating
stored under these co oris5) and stable fo onths at roo conditions for APcl were essentially the same, except ionization was

temperature when stored in the dark (16). . .
Sample Preparation.A 50 mL aliquot portion of the water sample by corona discharge using a needle current gk/2 The source
temperature was lowered to 38C, and the nebulizing and curtain

was added to a graduated polypropylene centrifuge tube and fortified B .
with either rac-metolachlor d8-metolachlor at the LOQ or at 10tke gas flow rates were set to 9 (1.18 and 1.08 L/min, respectively).

LOQ depending upon the recovery sample to be evaluated. The fortified ~Sample Analysis. This method was validated as per U.S. EPA-
sample was acidified with 0.25 mL of concentrated phosphoric acid FIFRA Good Laboratory Practices (GLP) guidelin&8)(at fortification

and transferred to a polypropylene reservoir (60 mL capacity). The levels of 0.10 and 1.0 ppb in surface and ground waters using five
reservoir was connected to a preconditionegl0lid-phase extraction sample replicates at each fortification level. Two additional nonfortified



1'S and 1'R Diastereomers of Metolachlor and S-Metolachlor J. Agric. Food Chem., Vol. 54, No. 17, 2006 6155

(a) intensity: 1114 cps (a) , , intensity: 6523 cps
1007 aS,I’S +aR,I’S 1007 as,I’§ + aR,I’S
901 90
801 aR 'R 801
701 701
601 601
501 501
401 aS,I’R 407
304 301
201 201
aR,I’R
10 107 aS,I’R
A 769 o N o 457 1135 A
0 S S SN i S pa B S e S S LN R 2 AL T Taond | qant . oant . anne
601 1201 1801 2401 3001  Scan
€1, ‘A%, 8ol 2gor 0oL San 2:04 4:08 6:12 815 1019 Time
b (b) as’l 'S +th,1 'S intensity: 2989 cps
( ) aS,I’S +aR,1’S intensity: 538 ¢ps 1001
1007
ool 901
aR,I'R 80"
80
7o 704
601 601
5o 501
o 401
304 301
29 20 RI’R
1o 1o “HTR eS. IR
313 a8, s
601 1201 1801 2401 8001  Scan O e01 © 1201' 1801 2401 3001 Scan
2:04 4:08 6:12 8:15 10:19 Time 2:04 4:08 6:12 8:15 10:19 Time
Figure 2. Representaive MRM chromatograms of rac-metolachlor Figure 3. Representative MRM chromatograms of a S-metolachlor
calibration standard (0.25 ng on-column) using (a) LC/MS/MS/APPI+ and calibration standard (0.25 ng on-column) using (a) LC/MS/MS/APPI+ and
(b) LCIMSIMS/APCI+. (b) LC/IMS/MS/APCI+.

samples served as controls and were analyzed with each sample sels metolachlor, respectively, when using APPI and APcl. As can
Calibration standards were interspersed throughout each analytical Sehe seen. baseline separation is excee@ed( 1.5) for all of
as a means of checking the system stability and linearity. the dias’tereomers except for the two that compBsmet-

Calculations. Metolachlor has two chiral elements that form two . .
pairs of enantiomers as shown Figure 1. The aS,1'Sand aR,1'R olachlor. On the basis of the high degree of peak symmetry for

isomers form one pair, while theR,1'Sandas,1'Risomers form the ~ S-metolachlor, it is apparent that very little or no separation
other pair. The ‘B and 1'Risomer pairs are both diastereomeric and takes place between its diastereomers when using a ChiralPak

atropisomeric, and for racemic metolachlor, the ratio of the 1'S AS-H CSP column. The difference in enantiomeric composition
diastereomers ([aS,1'3] [aR,1'S]) to the ‘R diastereomers ([aR,1'R]  between rac- an8-metolachlor is quite evident when comparing

+ [aS,1'R]) is close to 1 (or 50:50). F&rmetolachlor, the ratio of the  Figure 2 to Figure 3 as denoted by the large difference in peak
1'S to the 1'Rdiastereomers is approximately 88:12. The chiral greas for the same diastereomers.

separation employed in this method does not resolve 'tBelidster- The standard calibration curves extended from 0=50 n
eomers; however it does resolve the I1dRastereomers into its ) 9

atropisomers. on-column and_the linear regression <_:orre_lation coefficigRils (

The total metolachlor residue is calculated as per eq 1. The peak Were 0.99 or higher for all of the calibration curves generated
areas of the individual isomers are summed, and the total metolachlorin this study. Each rac- d8-metolachlor calibration curve was
residue (in nanograms) is extrapolated from an external standard linearobtained by summing the areas of the three separated peaks
least-squares calibration curve. This total metolachlor residue is usedand plotting this value against the total concentration of each
to calculate the individual procedural recoveries for each fortified standard. Thus, one calibration curve represents the sum of all
sample three peaks (or all four stereoisomers). Note the higher signal-

to-noise ratio (S/N) irFigures 2and3 for the chromatograms

[metolachlor]= [1'S] + [aR,1'R]+ [aS,1'R] (1) obtained when using APP#10x) compared to those obtained
using APcl. Thus, APPI may be the interface/source of choice
when sensitivity is an issue for analyzing these compounds. In
APPI, a dopant (e.g., toluene) is infused into the system after
the analytical column but prior to entrance into the interface/

Chromatography. Representative MRM chromatograms of source. Dopants are selected that are easily ionized by the
a 0.005 ngiL calibration standard (0.250 ng injected on- photons generated by the krypton discharge lamp because this
column), the lowest concentration of standard injected and usedcharge is quickly and efficiently transferred via iemolecule
to construct the calibration curve [equivalent to the limit of reactions with the analyte molecules to create analyte ions. In
detection (LOD)], are shown ifigures 2 and 3 for rac- and APcl, primary ions (N2% or O2*+) are produced via electron

where [ ]= peak area.

RESULTS AND DISCUSSION
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Figure 4. Representative MRM chromatograms of a surface water control 104
sample using (a) LC/MSIMS/APPI+ and (b) LC/MS/MS/APCI+. o i oy ;
S . . . . 601 1201 1801 2401 3009 Scan
ionization from a corona discharge. These ions collide with 2:04 4:08 6:12 815  10:19  Time

vaporized solvent molecules (IPA in this case) to form secondary Figure 5. Representative MRM chromatograms of a surface water
reactant gas ions. In the positive-ion mode, proton transfer [(M procedural recovery sample fortified at 0.10 ppb with rac-metolachlor (0.50
+ H)™] or adduction of the reactant gas ion can occur to produce ng on-column) using (a) LC/MS/MS/APPI+ (87.3% recovery) and (b) LC/
the ions of molecular species, depending upon the relative protonMS/MS/APcl+ (97.1% recovery).
affinities of the reactant ions and the gaseous analyte molecules.
For the analysis of metolachlor using the operating parametersinsignificant as far as monitoring water at the 0.10 ppb
described in this work, the dopant-mediated ion transfer processconcentration level. The authors chose to show a figure for
in APPI appears to be more efficient than the chemical ionization control surface water because the ground water control sample
process in APcl. In addition, other variables such as the dopantchromatograms were flat baselines and devoid of extraneous
infusion rate (APPI only) and ionization temperature (both APPI peaks.
and APcl) were adjusted but did not significantly impact the  Representative MRM chromatograms of control surface water
sensitivity of the analyses. The ratio of the diastereomer pairs fortified with 0.10 ppb of either rac- d&&metolachlor are shown
varied slightly for the two ionization techniques, but differences in Figures 5 and 6, respectively. The specific recoveries
in peak integration because of the chromatographic baselineobtained during these analyses are 87.3% (Figure 5a), 97.1%
noise observed in the APcl MRM chromatograms may have (Figure 5b), 102% FEigure 6a), and 106% Kigure 6b), and
partially contributed to this observation. There was no apparent these numbers are included in the averages showalites 2
difference in the detector response between ti&ahd IR and 3. The peak areas shown here are twice those shown in
diastereomers when analyzed using the same ion source. FoFigure 2 for the 0.25 ng injected standard; thus, there is more
normal-phase chiral separations requiring the use of nonpolarthan sufficient S/N for unambiguous peak integration and
solvents, APPI and APcl provide alternative ionization tech- identification of the analytes.
niques to electrospray, which typically requires mobile-phase  Method Performance. The total metolachlor residue recov-
modifiers to enhance ionization. Both APPI and APcl offer high ered from each fortified sample was calculated by summing
sensitivity for LC/MS/MS analysis, most notably in the positive the area of the three separated peaks, placing this value into
polarity mode (19—20). Thurman et al. noted that APdb the calibration equation, and extrapolating the metolachlor
particularly effective for those stable, neutral pesticides that are equivalent mass from the calibration curve. The metolachlor
weakly basic and easily volatilized (21). equivalent mass was then divided by the theoretical mass of
Representative MRM chromatograms for surface water metolachlor fortified in each sample (0.1 or 1.0 ppb) to calculate
control samples are shown kigure 4. A small peak (S/N~ the percent recovery. The mean procedural recoveries and
3) is obtained by both APPI and APcl; however tisloes not relative standard deviations for rac- aBahetolachlor obtained
match any of the diastereomers of metolachlor, and if it was using APPI and APcl are listed ifables 2and3, respectively.
metolachlor, its concentration would b&0.10 ppb and thus  All average recoveries were between 70 and 104%, except for
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Table 2. Summary of Diastereomeric Ratio and Procedural Recovery
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Representative MRM chromatograms of a surface water
procedural recovery sample fortified at 0.10 ppb with S-metolachlor (0.50
ng on-column) using (a) LC/MS/MS/APPI+ (102% recovery) and (b) LC/

"3001  Scan

(Percent Relative Standard Deviation) for rac-Metolachlor Using
LC/MS/MS with Either APPI+ or APcl+

diastereomeric ratio 1'S/1'R

procedural percent

fortification (percent relative recovery

level (ppb) standard deviation) mean range
ground water (APPI)

0.1(n=4) 4951 (4.2) 79.5 (18.8) 62-97

1.0(n=5) 48:52 (2.8) 76.8(7.0) 73-86
ground water (APcl)

01(n=4) 54:46 (2.8) 87.3(12.3) 78-95

10(n=5) 50:50 (1.7) 67.0(1.1) 66-68
surface water (APPI)

0.1(n=5) 4852 (1.5) 82.4(8.5) 75-90

1.0(n=5) 4852 (2.4) 84.2(6.4) 79-90
surface water (APcl)

0.1(n=5) 52:48 (0.9) 86.8 (7.8) 79-93

1.0(n=5) 52:48 (1.1) 83.4(1.4) 82-85

the 1.0 ppb fortification level (67%) in ground water using APcl.
All relative standard deviations were20% (the highest was
19.0% for surface water using APPI). Overall, the mean percent
recoveries (relative standard deviations) for rac- 8achetol-
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Table 3. Summary of Diastereomeric Ratio and Procedural Recovery
(Percent Relative Standard Deviation) for S-Metolachlor Using
LC/MS/MS with Either APPI+ or APcl+

diastereomeric ratio 1'S/1'R procedural percent

fortification (percent relative recovery

level (ppb) standard deviation) mean range
ground water (APPI)

0.1(n=4) 90:10 (0.9) 78.6 (10.9) 70-90

1.0(n=5) 90:10 (0.6) 73.0(6.9) 67-78
ground water (APcl)

01(n=4) 89:11 (2.2) 90.6 (12.3) 79-103

1.0(n=5) 92:8 (0) 89.8(3.7) 86-94
surface water (APPI)

0.1(n=5) 86:14 (1.9) 98.0 (19.0) 69-121

1.0(n=5) 89:11 (5.1) 94.8 (11.3) 82-105
surface water (APcl)

01(n=5) 89:11 (1.6) 103.8 (11.3) 86-119

1.0(n=5) 91:9 (0.5) 75.8 (18.7) 54-87

The diastereoisomeric composition of metolachlor in each
fortified sample was determined by dividing the area in tt® 1
peak by the total area of the'8l+ 1'R) peaks found in the
MRM chromatograms. For the ground water samples fortified
with rac-metolachlor, the mean ratios of the metolachl@& 1
diastereomers to the total (1451'R) were 49:51 using APPI
and 52:48 using APCI, and for the surface water samples
fortified with rac-metolachlor, the mean diastereomeric ratios
were 48:52 using APPI| and 52:48 using APdlable 2).
Therefore, the '5 to 1'R isomer ratio of rac-metolachlor
determined by this method is approximately (50:302% and
close to the expected value for this standard [i.e., enantiomeric
excess (ee) is approximately 0]. The mean diastereomer ratios
for the S-metolachlor fortified ground water samples were 90:
10 using APPI and 91:9 using APcl, and f8rmetolachlor
fortified surface water samples, the ratios were 88:12 using APPI
and 90:10 using APclT@able 3). Therefore, the'/1'Risomer
ratio of S-metolachlor determined by this method is ap-
proximately (89:11+ 2%, and the ee is approximately 78%.
This is also well within the expected ratios for the standard
used in this study. In formulations incorporatignetolachlor,
the ratio ofS/Risomers can vary from 80 to 100%and 20 to
0% R. Thus, the method appears to be a useful means of
accurately measuring and evaluating the enantiomeric ratio or
ee in samples collected in the field.

In this work, the LOD is simply defined as the lowest
concentration of standard injected that was used to construct
the calibration curve, and the lower limit of method validation
(LLMV) is defined as the lowest fortification level studied for
procedural recovery purposes (in this case, equivalent to the
LOQ). These definitions are conservative when compared to
the 3oand 100(standard deviations) for LOD and LOQ of the
U.S. EPA. For this method, the LC/MS/MS signal for the
samples fortified at the LOQ was significantly higher thaw,10
but further studies and validation would be required to determine
just how much lower the LOQ and LOD could be adjusted. It
may also be possible to extract a larger sample volume (i.e.,
>50 mL) to decrease detection limits.

CONCLUSIONS

This GLP-validated enantioselective method can be used to
determine the exact diastereomer composition of metolachlor

achlor in the surface and ground water samples were 84 (6.0),in water-monitoring samples, and this information will be useful
93 (15.1), 78 (9.8), and 83% (8.5%), respectively.

in determining whether or not the source of the metolachlor is
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from rac- orS-metolachlor and the relative combination of each.
The method performance fully meets the U.S. EPA FIFRA and
OECD requirements that environmental methods demonstrate
average recoveries of 7A10% and relative standard deviations
of 20% or less at all fortification levels. APPI/APeLC/MS/

MS, with a chiral column, provides better sensitivity and peak
resolution for the analysis of water samples than previously
reported methods and is not subject to thermal interconversion
of atropisomers as observed with current GC/MS methods. APPI
is generally preferred to APcl based solely on sensitivity

considerations. This method successfully passed an independent

laboratory validation (ILV) study at an outside contract labora-
tory at the fortification levels described in this paper. Future
method development will focus on the chiral analysis of the
major degradates of metolachlor, ethanesulfonic acid (ESA) and
oxanilic acid (OA).
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