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Introduction

An analytical procedure {(enforcement residue method )
was developed and used for residue detérminaticn of
MON 4660 {parent only) in soil. The procedures are
specific for analysis of the safener and are separate
from the determination of the herbicide acetochlor.

Soil samples are extracted with acetonitrile on a
mechanical shaker, filtered and evaporated to dryness.
The residue 1s passed through a 6 mL disposable
Florisil® column and analyzed by GC- . The methcds
were validated on corn matrices and €oil taken from a
field not treated with MON 4660. Analytical re-
coveries were determined from samples fortified withn
known amounts of MON 4660. :

The lower limit of method validation (LMV) and lowest
fortification level on scil is 0.0l ppm of MON 4660.
No residue values are reported below the LMV.

Materials/Methods

The following materials, equipment and reagents are
required to perform the analysis. Appropriate subs=i-
tution for certain items is left to the discretion of
the analyst. Glassware and other equipment should >e
cleaned i1n a manner which avoids contamination of S-1tu-—=
samples.
Al Equipment
Explosion proof blender, Fisher No. 14~509-33
Blender jars: Fisher No. 14-509-11A

8 oz. French square Bottles: Northwestern Bottle
Co., St. Louls, MO

Polyethylene-lined caps for 8 oz. French scuare
Bettles: Northwestern Bottle Co.

Mettler balance, Model PC-440 or equivalen:
Mettler balance, Model AE163 or equivalent
85 mm Buchner funnel: Fisher No. 10-356C

7 cm glass fiber filter: Fisher No. 9-873F
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Splash guard adapters 24/40 joints; 250 mL size-
Aldrich No. 2-14, 779-6

Vacuum filtration. adapter 24/40 joint; 318 mm i.3
Aldrich 2-11, 563-0.

Calab rotary evaporator

250 mL separatory funnel: Fister No. 10~437-107
Kraft shaker: Model S-500

500 mL Round bottom flask: Fisher No. I10-0&7-2%
250 mL Round bottom flask: Fisaer No. 10-C67;Z:
100 mL Round bottom flask: Fisher No. 10-C57-I%

10 mL Graduated centrifuge tubes: Fisher No.
K45201-10 ‘

5 mL Graduated centrifuge tubes: Fisher Nc.
10-437-10C :

Pasteur pipette 9" length: Fiszer No. 13-278-:3
Pasteur pipette 5 3/4" length: Tisher Ny. I3-§ <o

serological pipettes from 0.1 t“rough 5 mL: Fize—
No. 13-676-28A, B, C, D, E, F

Volumetric Pipets from 1.0 throagh -0 mi: Tishe-
No.13-6508

Bottle-top dispenser 50 mL: Fisher No. 13—588-—"

100 mL Volumetric flask: Fisher No. 10-21CC

Vacuum manifold: P, J. Cobert ¥o. 244011

Glass Wool: Fisher No. 11-388

Glass chromatographic column: >.2 x 22 cm {1.0 ==
ID), topped with a 3 x 10 cm reserveir :nd =it=ss
with a Teflon stopcock with a 1.5 ca delivery t-=.
Varian 3700 or V1STA 6000 gas czromatogmapk equitte—
with a %3Ni electron capture dezect=r :-d e—itome—- —

sampler

Fisher Recordall Series 5000 strip char: re—ordz-
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1.8 mL Autosampler vials with Teflon :ined res=alzle
septa and phenolic caps: Varian M. 26-00009S=00
GLC Column: J & W fused silica capillary colmam
(Durabond); Liquid phase: DB~-5; (Non—-extrzctzdle
bonded phase); Film thickness, 0.25 pM: coiumr :
dimensions, 30 M x ¢.32 mn

Tracor Mark IIl (Model 6881) iiquid Scintiilarmon
Counter (LSC) manufactured by T™ imalwtic, Inc.

Assorted standard laboratory equipmen®

Reagents and Standards

Solutions which must be prepared for =se sioul 3 be
made ,1n sufficient quantity to perform a cmpl=te-
analysis. 1If additional reagents mus= be irecarec
during an analysis, differences iz reagent comDo~-
sition may result in background variazions in

the chromatography.

Acetonitriler ,Eisher No. A-9¢3.

Deionized water from a Mijli-C-wazisr curizzcac—on
system (Millipore Co.). Th:is sys:iam consizts —< =
activated carbon cartridge for the removal of
organics 1in series with two mixed-ed ion axcr=ngs
cartridaes for the removal of zon:z scecies.
2,2,4~Trimethylpentane (isc-Oc=ane): Tisghsr ¥—.
02%6-4

Ethyl Acetate: Fisher No. £195-4

Sodium Sulfate (Na,SO,) anhydrous: Fisher Xo.
S-421

Florisil 60-100 mesh (chromatecgragzic gradz),
Fisher No. F=-100

Disposable Florisil columns (130C zg) J.T. 3ax=r
Chemical Co., No 7213-07

Carbon, Decolorizing: Fisher No. -17C
207 (v/v) Water/Acetonitrile: Usizg cradtzzed

cylinder, add 400 mL of distilled Zeicnizs? wa—=T
to 1600 mL of acetonitrile and mix thezouctiv
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5% Sodium Sulfate sSolution: weigh 50 3 of s=odimr
sulfate anhydrous into 950 mL of distilled delcm:_ed.
water and mix thoroughly

2% Ethyl Acetate/Iso-octane (v/v): Measure 392T oL
iso-octane into a suitable contalner {=mpty solwmt
jug). add 80 mL ethyl acetate, shake w=l ©= inmmre
complete dissolution.

5?’ Ethyl Acetate/Iso-octane (v/v): Mezsure 380[ L
iso-octane into a suitable container a=s ad= 20r aL
of ethyl acetate. Shake well.

10% Ethyl Acetate/Iso-octane (v/v): Msssure 360 mL
iso-octane into a sujtable ccntainer a—= adss 40T aL
of ethyl acetate. Shake well.

5% Deactivated Florisil: Weigh 285 grms oI Flossil
into a container and pipette 15 ol of =sti~led
deionized water onto the Florisil. Pl:zce toe oo
tainer on a mechanical shaker for 30 m-—mtes.

5% Deactivated E‘lcrzs:.l/zz Cecolorizing Cha-—oa’
weigh 294 g of the 5% deactivated Florzsil -—to =
bottle and add 6 g of decolonzmg chaz=mal =0 —e
Florisil. Place the mixture ¢n a mechsmica” shaer
for 39 minutes. Rotate the bottle and zhake
mlxture for an additional 15 =minutes.

l-oxa-4-azaspiro[4.5]decane=-4- {dlchlor:f-cetTl)
acetamide: synthesized by Starks Assoccates, I—.,
Lot #MS52-61-1, MON 4660, purity >99%.

The purity of MON 4660 was verified by 2leme=nta.
analyses and GC/MS. Results of the arczlyses anc 95
data are found in Appendix A.

Isotopically labeled '*C-MON 4660 was zrepa—=d oz
B.V. Mischke (Monsanto Co.; NBP 371131Z}. —%He

14C - labeled material was determined =5 haw= a
specific activity of 9.40 mCi,mM after ==LC Dour:z-
fication. The radicchemical purity was 38.=%
based on GC and HPLC analysis. The chemicaZ pu::-g
of this material was also determined t-= ze 3 % IV
GC and HPLC analysis. The carbon isotscic Zabe’
was at the C-2' position.

Fortification Spiking Solutiorns:
weigh to four significant flgu:es G.252I gr=m cI

analytical grade MON 4660 inte a 1C0 m- vol:met—-=-
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flask and dilute to volume with 20% water/zcet-mi-
trile, miXx well to insure complete dissolution.
This solution contains 2500 p3j/mL of MON 4560.

Pipet 10 uyL of the 2500 ug/mL soluticm ints a -DO
mL volumetric flask, dilute to volume with 20%
water/acetonitrile and mix well. This solrtier
contains 0.25 ug/nL of MON 4660.

Pipet 10 uL of the 2500 pg/mL solutiom ints a “DO =i
volumetric flask, dilute to volume with 20% wacer/
acetonitrile and mix well. This standard tontasins
a 2.5 ug/mL of MON 4660.

Pipet 1000 pL of the 2500 pg/mlL solution izto = 10T
mL volumetric flask and dilute to volume w:th DY
water/acetonitrile. This solution comtairs 25.D pgml
of MON 4660.

Store all standards refrigerated in amber *ottles.
Detector Calibration Standards:

weigh to four significant figures 0.2500 gram =% M¥
4660 into a 100 mL volumetric flask amd dilute =—o
volume with 2% ethyl acetate/iso-cctarme an2 mix we ™ _
This,solution contains 2500 pg/mL of WON 4£580.

Pipet 10UV WL ot the 2500 pg/mL sclut-on irto = 10¢
mL volumetric flask, dilute to volume with 2% e~hy-
acetate/iso-octane and mix well. This solttior
contains 25 pg/mL of MON 4660.

Prepare the GC calibration standards in 25 L
volumetric flasks according.to the followicg
scheme: '

Volume of 2500 pg/ml  Standard Final
MON 4660 Standard Dilution Copceatration
25 uL 25 mlL 2.5 sgfml
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Volume of 25 yg/aml Standard Fipal
MON 4660 Standard Dilution Loncentration
7.5 ulL 25 ol 0.0075 ug/ml
12.5 L : 25 ol 0.0125 pg/ml
25 ul 25 al 0.025 pug/mL
40 pL ' 25 al 0.04 pg/ml
50 pL 25 mil 0.05 pg/al
75 uL 25 mL " 0.075 ug/ml
100 pL 25 ml 0.10 pg/mL
250 ul 25 ml 0.25 pg/ml
750 uL 25 mlL 0.75 pg/ml

Each of the calibration standards is diluted <o t'=
25 mL final volume with 10¥ ethyl acetate/isc—octae.

Standard solutions are stored in properly cleaned
and labeled amber glass bottles and stored refrig-
erated. Extreme care should be taken to prevent
cross contamination of the lower standards wizh the
higher concentration standards.

Analytical Procedure for Soil

1.

Sample Preparation for Soil

Soil samples are taken in the field vith a
soil probe which uses a plastic liner to hols
the soil core in place. The soil sanmple in
the plastic liner is properly labelled amd
frozen immediately for shipment to the Resicas
section at Monsanto. The frozen soil coze :s
then cut into the appropriate depth segments.
Replicate soil samples from the same pleT a% =
given sampling time are combined and mixed
thoroughly to obtain a homogenecus sample.
?ftexr mixing, the samples are stored froczen
unti) analyzed.

Extraction Efficiency

Extraction efficiency and recovery exper-mer=:
.with different solvents were carried out.
‘Check soil samples were spixed with MON £E660
and extracted. The treated soil samples werm
taken 1 week after chemical treatment wi<h a
mixture cf acetochlor/!'4C laheled MCN 4650.
Carbon-14 radicactivity level present in tha
soil was determined by combusticn arzlys=s
before extraction.
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Extraction

Weigh 25.0 t 0.04 grams of the previorsly
prepared scoil sample into an 8 oz fre=ch
square glass bottle. Fortify appropriately at
this stage. Example: ‘Pipet 0.5 ml of the 0.%

vpg/mL MON 4660 standard in 20% water/zetcm:trTe

directly onto the sample matrix for a 1.0L ppn
fortification. ' Add approxima%*ely 15 sTams of
NapzS0, and 100 mL of acetonitrile to t3e
bottle. Cap the bottle tightly and s*ake on a
reciprocating shaker for 15 minutes.

Prepare an 8.5 cm Buchner funnel with 7.0 -m

glass fiber filter paper (Whatman 934-3H) and
rinse with about 25 mL of acetonitrile under
vacuum.. Filter the extract through t==
Buchner funnel directly int: a 250 mb -ourdd
bottom flask by means of an adapter sz:-akle
for applying vacuum te the system. R:ise <The
bottle and contents of the furnel wit: sm=11
portions of acetonitrile. Collect ths rimzes
in the same round bottom flask.

Evaporate the extract to dryness usinc a
rotary film evaporator with the <lask :mme—se:z
1n a room temperature water bath. Ratze =—-ne
water bath temperature gradually to a>:ut
40°C.

Place approximately 0.5 to 1.0 gram oI Na. 30,
and 3 mL of 2% ethyl acetate in iso-ocrane
(v/v) into the flask and swirl trhe fl:zsk =—o
dissolve the analyte in the solvent system.-

Clean-Up

Placs 6 mL (1000 mg) Baker dispésable Tlor—sil
columns -in a vacuum manifold. Pre-waz: th=
celumns with 10 mL of 10% ethyl acetazs i—

"iso-octane followed by 10 mL :so-octa-s.

Quantitatively transfer the ccntents 5 t==
round bottom flask to the pre-washed Florzs:l
column. ‘Allow the 3 mL to drip Throuss the
columhs. Apply additional 2 x 2 mL 2% etwl
acetate in iso-octane flask rinses, allowr—ag
each rinse to clear the head of colum zeZor-=
the next 1is applied. ©Discard al> elu:zzes
coliected to this point. Place = 10 zl
graduated centrifuge tube inside thne —zsuuon
manifold beneath the <olumn.
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Quantitatively rinse the round bottom flask
with 3 mL of 10% ethyl acetate/iso-octane and
transfer the rinse to the column. Afzer the
rinse has completely entered the colimn bed,
apply an additional 2 x 3 mL 10% ethyl acetate/
iso-octane.

Remove sample from the vacuum manifoli and
dilute to 10 mL with iso-octane and mix well.
The samples are ready for GC separatizn and
subsequent quantitation.

Soil Moisture Determination

The calculation of the concentration af MON
4660 is made with respect to the dry soil mass
analyzed, therefore, the percent moisture of
each sample must be determined.

Procedure:

‘Weigh a glass container, such as a 152 mL
beaker, and record this weight to the nearest
hundredth of a gram. Next, weigh out an
aliquot of the soil sample to be analzzed
{between 25.00 and 26.00 g) and recoré this
weight to the nearest hundredth of a gram.
Total the weight of the container plus the
weight of the soil and record this weight.
Place the container plus soil ip a dry heat
oven set at 130°C for at least 24 hours.
After this period, remove tha container and
allow to cool.

Reweigh the container plus the dry so:zl and
record this weight. The amount of moisture
contained in the original soil sample s the
difference between the combined {contziner &
s0il) weight before drying and the ccmndined
weignt after drying. The percent soil moisturs
is determined by dividing the amount =7 soil.
moisture by the weight of wet soil beZore
drying times 100.

This calculatiorn is illustrated as follows:

g of undried soil - g of dried soil x .00 = “ moisture’
grams of undried soil
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Deternpine the weight of a 25.00 gram soil samplz corr=cras
for % moisture as follows:

25.00 g x (100 - % moisture} = dry weight of szil
100

Instrumentation

1.

Separation and Quantitation cf MON 4667

The analyte MON 4660 in corn matrices =nd scil
is separated and quantitated by capillzry gas
chromatography using the following confiticms.

(Be aware that different instruments mzy
require modification of these parametes-s in
order to achieve satisfactory detectab:ility
and separation of MON 4660 frem co-extracted
species. Follow the procedures recommsnded by
the nanufacturexr of the instrument recgzrding
operation and optimization.)

Detector ®3Ni; Temperature 3{3°C.

Injecter Temperature: 250°C

Coluznn Temperature Program: -2C°C for 0. mzn.
progzam at-10°C/min. to 230°C and =old st 2Z0°C
for 3 min.

Coluan: J & W DB-5 fused sii:ca capillary
coluan; Film thickness 0.25 =izron: 30 n X

0.22 mm.

Detector range: 1

"Detector Attenuation: 64

Char= Speed: 0.5 inchrsmin.
Injeztion Volume: 3 ul
Spliz: 10/1

Nitrsgen carrier: 2.0 aL/miz.

Make-up g3as: 28.0 mL/min.
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2. Detector Calibration

A linear calibration curve is gemerated far
every set of samples run. Sewveral levels of
MON 4660 standards are used in the range of
0.0020 to 0.080 pg/mL. These standards ave
periodically placed among the analytical
samples and injected into the instrument. T3e
calibration curve is generated by plotting tHe
peak height of the detector Iesponse against
the concentration of each calibration standa~d
of MON 4660.

Linear least squares estimates of the data
points are then used to define the calibration
curve.

The response of any given sample must not
exceed the response of the most concentrzted .
standard. If this occurs, dilution of tka
sample will be necessary.

Interferences

Analyses of reagents, solvents and labware shezld
be conducted to assure a minimum contribution -£
interferences to actual sample analyses.

1. Sample Matrices

The analytical procedure described has be=n
used and validated for the determination z¢
MON 4660 in soil from the thres sites
examined.

2. Other Pesticides

Detailed interference studies of other
herbicides and safeners have not been per-
formed. However, in all cases urtreated zheck
samples were free from interfererces. Relat-~ve
retenticn times for parent acetocaler and
alachlor were determined to not interfere

with MON 4660.

3. Solvents

When using pesticide or HPLC grade sol-wvernzs, o0
interferences have been observed.
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4.  Labware

Glassware used was rinsed with feionized wat=r
and acetone. When handling high levels 2f sTan-
dards, the glassware is always discardeg after
use. Therefore no interferences have be=n
cbserved.

Confirmatory Techniques

As previously discussed, experiments were performend
using '4C-labeled MON 4660 to determine method
extraction and column recovery efficiencies.
Additionally, mass spectral cenfirmation was
performed on field samples. This data is presented
in Appendix J. :

Analysis Time

A set of 24 samples can be completed In 3 working
days for corn matrices samples and 2 working fays for
soil samples. TFor 6 corn or soil samples, 1 wvorkc=ng
day is needed.

Problem Areas

It 1s necessary to determine the elvtion proi-ie ==
MON 4660 on the nurchased c¢leanup ceclimns (ez=a lct)
before procezding with the methods. This is zarri=d
out by eluting the column with 5 mL Iractions and
injecting z2ach fraction into the GC.

Method of Calcuiation

The amount of MCON 4660.is determined based upcn
external standard calibration. A non-weightad
linear least squares estimate of the calibrat-on
curve is used to calculate the amount of MON 1560
in the unknowns. The response of any given szmple
must not exceed thé response of the msst concaa-
trated standard. 1If this occurs, dilztion ci

the sample will be necessary.
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