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Methoxyfenozide [3-methoxy-2-methylbenzoic acid 2-(3,5-dimethylbenzoyl)-2-(1,1-dimethylethyl) hy-
drazide; RH-2485], in the formulation of INTREPID, was applied to various crops. Analysis of
methoxyfenozide was accomplished by utilizing liquid-liquid extraction and partitioning, followed by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Method validations for fruits,
vegetables, and mint are reported. Methoxyfenozide mean recoveries ranged from 72 to 129% over
three levels of fortification. The overall average of mean recoveries is 97 ( 10%. The limit of
quantitation for fruits, artichoke, cucumber, squash, and refined sugar was 0.010 ppm, with a detection
limit of 0.005 ppm. For all other crops, the limit of quantitation was 0.050 ppm, with a detection limit
of 0.025 ppm. No residues were found greater than the limit of quantitation in control samples.
Residues above the limit of quantitation were found in all matrices except refined sugar. Foliage
(bean, beet, pea, and radish) had greater residue levels of methoxyfenozide residue than their
corresponding roots or pods. Other crop matrices contained <1.0 ppm of methoxyfenozide except
artichoke, which had a mean of 1.10 ppm.
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INTRODUCTION

Methoxyfenozide [3-methoxy-2-methylbenzoicacid 2-(3,5-
dimethylbenzoyl)-2-(1,1-dimethyl-ethyl) hydrazide; RH-2485]
is a diacylhydrazine insecticide that was first introduced by
Rohm and Haas Company in 1996 (1). Le presented INTREPID
as an efficacious member of the diacylhydrazine class. Meth-
oxyfenozide acts as an agonist or mimic of the insect molting
hormone, 20-hydroxyecdysone (20E) (2-4). The nature of the
insecticide is to mimic the hormone and bind to the sites so
that precocious molting occurs (5-7).

Methoxyfenozide acts against a wide range of lepidopteron
pests of cotton, corn, and other major agronomic crops (8-
16). Methoxyfenozide has been shown to be more effective than
tebufenozide on armyworms,Spodoptera(sp.) and other pests
(9, 11-13,17, 18). Methoxyfenozide is an effective agent for
control of codling mothCydia pomonella(19,20), Southwestern
corn borer,Distraea grandiosella(17,18), European corn borer
Ostrinia nubilalis(10,18,21), rice stem borers (5, 22,23), and
cotton leaf worm (14,24). Ecdysteroid agonists can have an
effect on fecundity and fertility in leaf rollers, with methoxy-
fenozide being the most potent (19, 25). Methoxyfenozide can
be very effective when interacting with other compounds such
as juvenile hormone mimic (16).

Methoxyfenozide has been shown to be an effective pesticide
for use on lepidopteron pests, yet it appears to retain a high
degree of safety with respect to nontarget organisms. Lady
beetles (26), parasitoids of leaf rollers (27), parasitoids of the
rice borer (23), and big-eyed bugs (28) exposed to methoxy-
fenozide at effective levels were unharmed.

Liquid chromatography tandem-mass spectroscopy (LC-MS/
MS) as an analytical tool is unsurpassed in selectivity and
confidence in qualitative response (29-31). Matrix suppression
has not been a factor in this study (32, 33) with a quantitation
limit of 0.01 or 0.05 ppm and a detection limit of 0.005 or 0.025
ppm. For particular compounds, such as methoxyfenozide,
which are nonvolatile and can move readily through the LC
system, LC-MS/MS provided a rapid and selective analysis in
a variety of crops.

Few reports have been made on the analysis of methoxy-
fenozide in crops (30,34). In the present study, methoxyfenozide
was analyzed in a large variety of crops. The aim of the present
work is to report the general method of analysis for methoxy-
fenozide in various crops and matrices. Interregional Research
Project 4 (IR-4) is a U.S. Department of Agriculture (USDA)
program that carries out the research needed for the registration
of pest control materials on minor crops. A minor crop is any
individual crop grown one300,000 acres. IR-4 prepares and
submits petitions to the U.S. Environmental Protection Agency
(EPA) requesting tolerances or exemptions for a pest control
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product on minor crops. Residues of methoxyfenozide found
in a variety of crops collected from IR-4 testing fields have
been summarized.

MATERIALS AND METHODS

Materials. Methoxyfenozide (99.7% purity) was acquired from
Rohm and Haas (Philadelphia, PA). All solvents and reagents were of
residue grade or better. Columns specifically used for LC analysis are
cited below.

Preparation of Standard Solutions.Stock solution (1 mg/mL) was
prepared by dissolving∼0.1003 g in a 100 mL volumetric flask and
diluting to volume with 50% acetonitrile/water. Various dilutions were
made from the stock solution in acetonitrile, or 50% acetonitrile/water,
for fortification solutions and standard solutions for LC-MS/MS
analysis. LC-MS/MS standards were made up as needed and typically
consisted of 1000, 500, 250, 125, 100, 50, and 25 pg/µL for the 0.01
validation level. Stock solution was kept frozen, generally at<-20
°C. LC-MS/MS and fortification solutions were kept refrigerated,
generally at<4 °C.

Collection of Field Samples.INTREPID (RH-2485) 80 WSP or
2F insecticide formulation of methoxyfenozide (EPA Reg. No. pending,
CAS Registry 161050-58-4) was used for application in these field
studies (refer toTable 1). This test substance was applied in a manner
that represents and/or simulates the major application techniques that
are used by commercial growers. Samples were collected from IR-4
field test sites throughout the United States (for specific information
contact IR-4 Project, Center for Minor Crop Pest management,
Technology Centre of New Jersey, 681 U. S. Highway #1 South, North
Brunswick, NJ 08902-3390).

Each test site usually consisted of one untreated (control) and one
treated plot. Individual plots were of adequate size to ensure that no
more than 50% of the plot would be needed to provide the necessary
plant material for residue sampling. Buffer zones were employed
between plots to prevent contamination.

Typically, duplicate samples were harvested from each plot. Each
sample was collected in a manner to ensure a representative, impartial
sample that approximates commercial practices. The sample was placed
in a plastic-lined cloth bag that was labeled with complete identification.
After collection, samples were usually placed in a cooler and frozen

within 24 h of harvest. Samples were kept frozen during shipping and
held at generally<-20 °C at the laboratory until analysis.

Sample Preparation.The crop was chopped with equal amounts
of dry ice using a Hobart food chopper (Hobart Corp., Troy, OH). Each
chopped sample was stored in a labeled∼1 L jar, and a lined lid was
loosely closed on top to allow the dry ice to dissipate during storage at
generally<-20 °C. For mint oil and molasses, aliquots were measured
directly from the original containers.

Storage Stability Study. A minimum of six control samples were
fortified with methoxyfenozide at 0.5 or 1.0 ppm level for each matrix.
At least three samples were analyzed after a storage period equivalent
to the number of days ((10%) between harvest and analysis, and the
remaining samples were retained for long-term storage.

Extraction. Ten grams of crop (except mint oil, see below) were
weighed into a 250 mL Erlenmeyer flask. Fortification samples were
spiked at this step. One hundred milliliters of extraction solution
(methanol/aqueous 0.1 N HCl, 9:1, v/v) was added to the flask. The
mixture was sonicated if needed at this step, particularly for refined
sugar. The sample was blended for 2-3 min at moderate speed using
an Ultra-Turrax T25 (Wilmington, NC). The extract was filtered through
a porcelain funnel fitted with a Whatman no. 3 filter and a small amount
of Celite. The blender flask and the filtration cake were rinsed with
several portions of extraction solution totaling 50 mL. The total volume
of the filtrate was∼150 mL. The extract was quantitatively transferred
to a 500 mL separatory funnel.

Cleanup. Hexane Partition. Twenty milliliters of a 10% sodium
chloride solution was added to the extract in the separatory funnel.
The extract was partitioned with 40 mL of hexane by shaking the
separatory funnel for 1 min with venting as necessary. The phases were
allowed to separate. The lower phase (methanol/water) was drained
into a 250 mL beaker, and the upper phase (hexane) was discarded.

Dichloromethane Partition. The lower phase from the beaker was
poured into a 500 mL separatory funnel. One hundred and seventy-
five milliliters of a 10% sodium chloride solution and 100 mL of
dichloromethane were added to the extract in the 500 mL separatory
funnel. The extract was partitioned by shaking the separatory funnel
for 1 min with venting and allowing the phases to separate. The lower
dichloromethane phase was collected in a 250 mL TurboVap tube
through a funnel plugged with glass wool and anhydrous sodium sulfate.
The aqueous layer was partitioned again with another 100 mL of
dichloromethane. Both dichloromethane fractions were pooled in the

Table 1. Formulations, PHI, and Residue Results of Methoxyfenozide Analysis in Fruits, Vegetables, and Mint

treated samples (ppm)

type crop/matrix formulationa PHIb (days)
control
(ppm) n low high meanc SD

fruit cantaloup 80WSP 3 ± 1 <0.010 14 0.050 0.255 0.138 0.05
fruit cranberry 2F 14 ± 2 <0.010 12 0.028 0.407 0.162 0.13
fruit strawberry 2F 14 ± 1 <0.010 16 0.125 1.154 0.405 0.29
mint mint/fresh 2F 14 ± 2 <0.050 12 1.020 6.362 2.648 1.70
mint mint/oil 2F processed <0.050 2 <0.050 0.071 N/A N/A
vegetable artichoke 80WSP 5 ± 1 <0.010 6 0.744 1.650 1.101 0.35
vegetable bean (dry) 80WSP 7 ± 1 <0.050 26 <0.050 0.223 N/A N/A
vegetable bean (edible podded)/foliage 2F 7 ± 1 <0.050 16 3.081 31.750 8.346 8.03
vegetable bean (edible podded)/pods 2F 7 ± 1 <0.050 16 <0.050 0.991 0.388 0.35
vegetable beet (sugar)/dry pulp 2F processed <0.050 1 0.121 N/A N/A N/A
vegetable beet (sugar)/molasses 2F processed <0.050 1 0.156 N/A N/A N/A
vegetable beet (sugar)/RAC for processed samples 2F 7 ± 1 <0.050 1 0.143 N/A N/A N/A
vegetable beet (sugar)/refined sugar 2F processed <0.010 1 <0.010 N/A N/A N/A
vegetable beet (sugar)/roots 2F 7 ± 1 <0.050 20 <0.050 0.173 0.111 0.03
vegetable beet (sugar)/tops 2F 7 ± 1 <0.050 22 0.404 10.200 4.205 2.59
vegetable carrots 2F 14 ± 2 <0.050 10 <0.050 0.138 0.101 0.04
vegetable cucumber 80WSP 3 ± 1 <0.010 16 <0.010 0.080 0.036 0.02
vegetable pea/foliage 2F 7 ± 1 <0.050 12 3.031 9.612 5.945 2.19
vegetable pea/pods 2F 7 ± 1 <0.050 12 0.103 0.454 0.215 0.15
vegetable pea (succulent shelled) 2F 7 ± 1 <0.050 32 <0.050 0.628 0.160 0.17
vegetable radish/roots 2F 14 ± 1 <0.050 10 <0.050 0.120 0.095 0.02
vegetable radish/tops 2F 14 ± 1 <0.050 10 0.315 3.963 1.316 1.32
vegetable squash (summer) 80WSP 3 ± 1 <0.010 12 <0.010 0.155 0.078 0.05

a Formulations: 80WSP ) 141.75 g of product/acre; 2F ) 473 mL of product/acre. b Interval in days between last application and harvest. c Mean represents samples
that have measurable residues.
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TurboVap tube. The sodium sulfate in the funnel was rinsed with 10
mL of dichloromethane. The extract was evaporated to dryness on a
Turbovap Nitrogen evaporator (Zymark Corp., Hopkinton, MA) at∼55
°C. The sample was redissolved in an appropriate amount of 50%
acetonitrile/water (v/v) for LC-MS/MS analysis. If needed, the sample
was filtered through a Millipore 0.45µm nylon filter into an autosampler
vial.

Mint Oil Analysis. For oil analysis, 1 g of oil wasmeasured into a
250 mL Erlenmeyer flask. Then 150 mL of extraction solution
(methanol/0.1 N HCl, 9:1, v/v) was added and mixed well. The sample
was transferred to a 500 mL separatory funnel. Steps for hexane
partition and dichloromethane partition were followed as above. The
residue sample was redissolved in an appropriate amount of acetonitrile
for analysis.

Instrumentation. The LC-MS/MS system consisted of a PE Sciex
(PE Biosystems) API 2000 tandem mass spectrometer with a Perkin-
Elmer series 200 autosampler and micropump. Detector conditions
included a heated nebulizer (at 425°C), nitrogen curtain gas pressure
at 45 psi, nitrogen collision gas pressure at 3 psi, nebulizer current at
-4, nitrogen ion source gas 1 at 60 psi and gas 2 at 15 psi, Q1 mass,
367.2 amu, Q3 mass, 149.2 amu, run in negative ion mode with the
m/z367 w 149 transition monitored. The mobile phase ranged from
50:50 to 60:40 acetonitrile/water (type I, v/v, 10 mM ammonium
acetate) depending on column conditions, with a flow of 800µL/min.
The HPLC column was a Restek Allure C18 (Restek Corp., Bellefonte,
PA), 50× 3.2 mm i.d., 5µm particle size.

RESULTS AND DISCUSSION

The USDA IR-4 Program (USDA Interregional Research
Project 4, Minor Use Pesticide Registration Program) initiated
these projects in 1999 to obtain residue data for submission of
registration petitions to the EPA. All field and laboratory work
was conducted as close as possible to the Good Laboratory
Practice Standards mandated by the Federal Insecticide, Fun-
gicide, Rodenticide Act (FIFRA),Federal Register40 CFR Part
160. The Federal Registerhas established tolerances for
methoxyfenozide on the minor crops apple pomace, wet, of 7.0
ppm and pome fruits, crop group, of 1.5 ppm (35).

Average recoveries and levels of fortification for methoxy-
fenozide are shown inTable 2 for all crops studied. Fruits were
fortified at 0.01 ppm as the lowest level. For fruits, methoxy-

fenozide mean recoveries ranged from 81 to 129%. Vegetable
crops were fortified for the lowest level at 0.05 or 0.01 ppm.
Average methoxyfenozide mean recoveries for vegetables

Table 2. Average Recoveries of Methoxyfenozide in Fruits, Vegetables, and Mint

type crop/matrix
level 1
(ppm) % ± SDa

level 2
(ppm) % ± SD

level 3
(ppm) % ± SD

fruit cantaloup 0.01 106 ± 11 (n ) 4) 0.1 102 ± 10 (n ) 5) 1.0 92 ± 15 (n ) 6)
fruit cranberry 0.01 97 ± 13 (n ) 5) 0.1 82 ± 4 (n ) 3) 1.0 81 ± 15 (n ) 9)
fruit strawberry 0.01 129 ± 9 (n ) 3) 0.05 109 ± 3 (n ) 3) 1.0 96 ± 6 (n ) 6)
mint mint/fresh 0.05 99 ± 4 (n ) 6) 1.0 101 ± 19 (n ) 8) 15 97 ± 3 (n ) 4)
mint mint/oil 0.05 100 ± 2 (n ) 3) 1.0 95 ± 2 (n ) 7) 15 102 ± 3 (n ) 4)
vegetable artichoke 0.01 94 ± 8 (n ) 3) 0.1 96 ± 11 (n ) 4) 1.0 101 ± 10 (n ) 7)
vegetable beans (dry) 0.05 96 ± 11 (n ) 9) 0.1 84 ± 2 (n ) 3) 0.5 96 ± 7 (n ) 12)
vegetable bean (edible podded)/foliage 0.05 100 ± 8 (n ) 6) 1.0 109 ± 15 (n ) 6) 15 95 ± 6 (n ) 3)
vegetable bean (edible podded)/pods 0.05 102 ± 14 (n ) 6) 1.0 98 ± 5 (n ) 9) 15 81 ± 1 (n ) 3)
vegetable carrots 0.05 103 ± 5 (n ) 6) 0.5 100 ± 2 (n ) 3) 1.0 96 ± 4 (n ) 6)
vegetable beet (sugar)/dry pulp 0.05 124 ± 12 (n ) 3) 1.0 91 ± 6 (n ) 3) 5.0 81 ± 4 (n ) 6)
vegetable beet (sugar)/molasses 0.05 93 ± 7 (n ) 9) 5.0 90 ± 2 (n ) 3) 20 96 ± 1 (n ) 3)
vegetable beet (sugar)/refined sugar 0.01 98 ± 21 (n ) 9) 5.0 104 ± 4 (n ) 3) 20 99 ± 10 (n ) 3)
vegetable beet (sugar)/roots 0.05 97 ± 2 (n ) 12) 1.0 88 ± 4 (n ) 15) 10 85 ± 6 (n ) 3)
vegetable beet (sugar)/tops 0.05 100 ± 11 (n ) 12) 5.0 86 ± 10 (n ) 12) 20 79 ± 6 (n ) 3)
vegetable cucumber 0.01 85 ± 6 (n ) 3) 0.1 95 ± 8 (n ) 4) 1.0 120 ± 18 (n ) 7)
vegetable pea/foliage 0.05 102 ± 9 (n ) 6) 1.0 94 ± 11 (n ) 9) 15 83 ± 2 (n ) 3)
vegetable pea/pods 0.05 105 ± 10 (n ) 6) 1.0 91 ± 12 (n ) 9) 15 95 ± 4 (n ) 3)
vegetable pea (succulent shelled) 0.05 94 ± 5 (n ) 9) 0.5 91 ± 1 (n ) 3) 1.0 92 ± 10 (n ) 12)
vegetable radish/roots 0.05 99 ± 10 (n ) 6) 0.5 86 ± 8 (n ) 9) 20 96 ± 2 (n ) 3)
vegetable radish/tops 0.05 107 ± 6 (n ) 6) 0.5 97 ± 8 (n ) 9) 20 94 ± 3 (n ) 3)
vegetable squash (summer) 0.01 72 ± 8 (n ) 4) 0.1 97 ± 5 (n ) 3) 1.0 105 ± 7 (n ) 4)

a Values are mean percent recovered ± standard deviation; n is the number of replications.

Figure 1. Sample chromatogram of control sugar beet tops, 10.0 mg
injected, which shows no quantifiable level of methoxyfenozide.

Figure 2. Sample chromatogram of methoxyfenozide standard, 100 pg/
µL × 5 µL, retention time ) 1.8 min.
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ranged from 72 to 124%. Mint foliage mean recoveries ranged
from 97 to 101%, and mint oil mean recoveries ranged from
95 to 102%, both starting at the 0.05 ppm fortification level.

Residue results of methoxyfenozide analysis in fruits, veg-
etables, and mint are shown inTable 1. Residues were found
greater than the limit of quantitation for some samples in all
matrices except refined sugar. Foliage (bean, beet, pea, and
radish) samples had greater levels of methoxyfenozide residue
than their corresponding roots or pods. Other crops parts showed
<1.0 ppm of methoxyfenozide except artichoke, which had a
mean of 1.10 ppm.

The most interesting results were obtained with analysis of
beets (sugar). Raw agricultural commodity (RAC) had residues
of 0.143 ppm, and other collected roots had mean residues of
0.111 ppm. Sugar beet tops had a mean residue level of 4.205
ppm, consistent with other results where foliage matrix had
significantly more residue than roots or pods. Processed samples
showed 0.121 ppm for a dry pulp sample, 0.156 ppm for the
molasses sample, and<0.010 ppm for refined sugar. The
process of refining the sugar beet roots to sugar appears to
reduce or degrade methoxyfenozide, so there is essentially no
residue remaining. Representative chromatograms of sugar beet
control, methoxyfenozide standard, recovery sample, and sugar
beet treated top sample are shown inFigures 1-4.

Stability study samples were analyzed for all crops but are
not reported here. The storage interval was comparable to the
harvest (or processing) to analysis date. No significant degrada-

tion of methoxyfenozide was found during freezer storage
(generally<-20 °C) on any crop.

We feel that the above method was rugged and versatile, and
gave good recoveries for a variety of crops. Residues were found
in the analyzed minor crops that were below theFederal
Registerestablished tolerances for apple pomace and pome fruit.
In the analyzed crops, foliage contained higher residues of
methoxyfenozide than the corresponding roots or pods. Meth-
oxyfenozide could make a powerful addition to pest manage-
ment strategies for control of lepidopteron pests on minor crops.
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