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Pestcide Name: Molinate Sulfoxide

- MRID #: 414218-03
Matrix: Soil
Analysis: GC/NPD

This method is provided to you by the Environmental Protection Agency's (EPA)
Environmental Chemistry Laboratory (ECL). This method is not an EPA method but one
which was submitted to EPA by the pesticide manufacturer to support product registration.
EPA recognizes that the methods may be of some utility to state, tribal, and local authorities,
but makes no claim of validity by posting these methods. Although the Agency reviews all
Environmental Chemistry Methods submitted in support of pesticide registration, the ECL
evaluates only about 30% of the currently available methods. Most methods perform
satisfactorily but some, particularly the older methods, have deficiencies. Moreover, the
print quality of the methods varies considerably because the methods originate from
different sources.” Therefore, the methods offered represent the best available copies.

If you have difficulties in downloading the method, or further questions concerning
the methods, you may contact Elizabeth Flynt at 228-688-2410 or via e-mall at

flynt.elizabeth@epa.gov.
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mimou OF WOLINATE SULFOXIOE RESIOUES IN SOIL
BY ON COLUMN CAPILLARY GAS CHROMATOGRAPHY

SUSUARY/ INTROOUCT 10N

This method 13 intanded for detsrmining molinate sulfoxide, 2 meta-
bolite of molinats, in 3011 at levels of 0.05 ppm to 0.5 ppm.
Holinate 13 the active ingradient in ORDRAM® Selective Herdicige.

The chemical structures are as follows:
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Molinate Moltnata Sulfoxide

Molinate sulfoxide 1s extracted directly frem sot) with water and
dichloromethane. The dichloromethane extract 1s analyzed for moli-
nate sulfoxide by capitlery gas Chromatography with nitrogen-
specific detectton. : ,

MATER]ALS/METHODS
Apparatus

The equipment and rragents descrided below were used to generate the
data and chromatop-ams presented in this report. Equipment with
equivalent perforsance specifications and reagents of comparable

- purity can be used.

Gas Chrmtggn@. Hewlett-Packard Model SB80A, equipped with
nitrogen-phosphorus detector, on-column captilary inlet,
Hewlett-Packard Model 7673A dutomatic sampler, and electronic
integrator or data acquisition Systea, '

Chromatographic Column. 8 m x 0.53 em 1.d., DB-1, 1.5 » fila
thickness fused silica column. .J & W Scieatific, Inc., Cat. No. .

.125-1012 or equivalent.

Syringe. 250 microliter capacity, Kamilton 1725N or equivalent.

Glass Bottles. Four-ounce, wide mouth bottles with aluminum foil-
ined caps. Two-dram vials with poly seal-lined caps.

Reciprocating Shaker. Eberbach Ccfporation. model 6010 or equiva-
lent.
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. 2.1.6 Centrifuge. [EC International, model C1582 or equivalent.

2.2 Reagents |
2.2.1 3Solvents. Acetone, Dichloromethane, Manograde® or equivalent.

. 2.2.2 Sodium Sulfate. Anhydrous. Reagent Grade.

2.2.) Molinate Sylfoxide. Analytical reference-stancard molinate
- suTfoxide. Availadble from IC! Amertcas inc., 1200 So. 47th Street,
8ox 4021, Richmond, CA 94804-0023, Attention: Environmental
Sciences Department Manager.

2.2.4 Calidration and Fertification Solutions. To prepars 3 stock soty-
tion of molinate sulfoxide. weigh to the 4th decimal place & con-
venient quantity, e.g. approximately 50 mg, of primary stancard of
knewn Durity 1nto a sui%adly stzed bottle. Calculate the weight of
solvenz to add, based on the weight of primary standard taken, the
purity of primary standard, the density of the salvent, and the
desirec sclytion concentration, typically 1000 pg/mL, as follows:

S . WxPx)

' where 5 « the weight of solvent to add (g),

¥+ the weight of primary standard taken (mg std),

b
]

the purity of the primary standard (=9 ¢.t./m sta),

L=
[ ]

the density of the solvent (g/mi),

ang A

the desired solution concentration (mg a.i./el solvent)

Add the calculated weignt of the iopropriate solvent to the bottie,
close the bottlis with a >olyseal cap, and mix thoroughly to dissolve
the primary standard. Usze dichloromethane (D « 1.326 ¢g/mL) for
calibration solytions, ang acetone (0 « 0.792 g/mL) for
fortification solutions.

T0 prepare working calibration soluttons, dilute tre stock calibra-
tion solution by weight with dichloromethane to give solutions that
contain 1.0, 0.1, and 0.G1 pg/mi molinate sulfoxide or other con-
ceatrations as reguired.

Dilute the stock fortificzation solution by weight w:sh icetone to
give solutions that contain 10 ug/mi molinate sulfox:ce or other
.‘ concentrations as required,
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2'J.1

2.2.2
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JuJdisy
Anglytical Procedure

Extraction _
Weigh 40 g of thoroughly-mized sofl sample 1nto & 4-02 wide-mouth

bottie. Add 40 mL of distilled water and 40 mi of dichloromethane.

Cap the bottie with an aluminum foll-1ined 11d and shake 1t on the
reciprocating shaker for 1 hour. Centrifuge for 10-20 minutes at
2000 rpm to 31d in separating the phases. Filitar an aliquot of the
dichloromethane (1ower) phase through anhydrous sodium sulfate for
anatysis. : -

Fortification

Analyze unfortifted and fortifisd contral samples with each set of
treated samples to demonstrate method recovery according to the
Quality Assurance SOP. For example, for 40-Q samples, waigh 40 g of
untreated control soil into & 4-02 wide-mouth bottla. Add 0.200 mL
of 10 ug/mL acetone for:‘fication solution to produce A for-
tification leve) of 0. om, or add 0.200 &L of 100 pg/al acetone
fortification soluticr produce a fortification leve) af 0.50
PpR. Add 40 mL of wate . 40 mL of dich’oromethane and extract as
above. If a aifferent weignt of sotl 1g analyzed, use that weight
4nd adjust the volume or concentration of fortification solution to
give the desired inalyte concentration. Extract using the same
volumes of water and dichloramethane as for the treated samples.

Instrumentation

ggeratigg Conditions

Follow the manufacturer's instructtons for operation of the gas
Chromatograph and nitrogen-selective detector. Use these parameters
for the analyses or other operating conditions that achieve equiva-
lert sen<itivity, reproducidility, and resolution. ‘

Oven initial temp. 113°C
1n1218) time 0.05 min
Temp. progracming rate 15°C/min
Oven fina) time 6 min

Oven f1nal temperature 260°C
Detector temperature 300°C

Carrter gas Helium

Carrier gas pressure = 2.5 psi _

Carrier gas flow 11.7 ml/ain through column, 53.4 mi/min vented
Injection size 4.0 u

Quantitation Peak height {external stancard)

Unger the above conditions the slytion time of molinate sulfoxide is
3.55 mtautes. See Appandix A for typical chromatograms. '

183
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) 2.4.2 Caltbration

The gas chromatograph 13 calibrated using the analyte calibration
solutions specifted in section 2,2.4. Chromatographic sensitivity
13 established by analyats of the 0.05 wg/mL calidration solution,

Quantitation of residues at lavels adbove the detection limit 13 done
by an externs)l standard procedure in which peak heights or arsas of
analyte peaks in 3ample extracts are compared to corresponding peak
heights or areas of analyte peaks in calibration solutions. See
Section 2.7 oelow for details of calculational methods.

2.4.3 Analysis of Extracts

Inject the sample extracts using the same conditions used for
calibration. The tdentity of the analyte peak !n the sample
chromatogram 13 assigned dased upon the coincidence of retention
times (within 0.03 minutes) with those of the calibration chroma-
tograms. 1f the response Of a peak tdentified as an analyte exceeds
that of the highest calidration solution, dilute the sample extracet
until 1ts response !s within the calidrated range. Reinject the
calidbration solutton after every two to four sample injections ang
recalibrate as needed. Reinject the calibration solution at comple-
tion of the sample analysis.

Interferences

W
)
*
w

- No clean-up ts required when this procedure !s uttlizeq a3
described. However, extractives from sotl may accasionally cuntri-
bute peaks with retention times near that of molirate sulfoxide.
Satisfactory resolution can usually be achieved with appropriate
oven temperature manipulations or column choice. Appendix A shows
typical chromatograms. Analyze extracts of samples from untreateg
plots to demonstrate the adsence of interferences from sample maatri-
ces, solvents, or labware.

2.5 Confirmatory Techniques

Jnexoected positive results, as .in untreated control or pre-appiica-
tion samples, should be ccnfirmed by other means, praferadly by
GC/NS, mass selective detection, or use of a setund capillary column -
of aifferent polarity. :

~d

Calculationk

"~
.

Calculations are done 1a cne of two ways. If the response is

Tinear, a factor can be calculated as described in 2.7.]1 delow. It

the response 1s non-linear, or if the analyst prefers, the analyte

responses over a range >f calidration solution concentratiens can be

1T to a linear or an exporsatia) turve, and a factor can then he
. talcuylated as in 2.7.2 below for sach point on the curve that

199
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corresponds to an tnalyte response in an injection of smiple
extract. _

Linear Response, Direct Calculation of Factor

a. Calibration Factors for Linsar Response

F. « the response factor for the analyte (ppm pesr electrorte
unit), calelated as follows:

o
F & -ccaces
PxS _
where C » the concentration of analyte in the calibeation selu-
tion {yg/mi)

S o the amount of initial sample represcnted by each
-iliilitgr of final extract tofution injected (g/mL)

P« the pedk area or height (elactronic vaits) o the ana-
lyte peak in the chromatogram of the calinratiss solu-
tion .

Averaged response factors for myitiple injections of calibration
solutions and for more than one concentration of calidraticn 0ly=-
tion can be used as aporopriate in the calculation of the con-
centration of the analyte in the sagple. as descrided below.

b, Analyte in Sample

The concentration of the analyte in the original sasmple ts
talculated using an external standard method as foliows:

ppa =« F x R

where Dpm « the s»zount of analyte in th. sofl in parts per
111190

R « tne peak area or height (electrontc units} of the
analyte peak ia the chromatogram of the sample
extract

and F = the response factor “or the analyte {ppm per
electronic unit), calculated as described above.

Note f3r the above external standard calculations, equal volumes
- 37 toth the extract and the calidbration solutions are tnjected.

191
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Curve Fit for Linear or Non-Linear Response

If the instrumental response to injections of catibration solu—
tions fs reproducible and either linear or exponentially ncn-
linear, a concentration-response curve can be usad for sample
quantitation. Any valid curve-fitting program can be used.
Input the concentration and response for each injection of
calibration solution. The program will generate the formula for
the corresponding linear or exponential curve. From the for-
mula, determine the calculated concentration for each injecticm
of calibration solution as described below. The calculated and
actual concentrations should agree within 10 % relative; that
is, the ratic of the actual to the calculated concentration
should be between 0.9 and 1.1. If the agreement is adequate,
calculate the concentration of analyte in the sample, and
orresponding response factor as foliows:

a. Linear Response.

The formula will be of form Y = mX + b, where

Y

the concentration of the analyte, ppm,

X = the analyte response, peak height or area units,
and ' | ‘
m and b = constants calculated by the curve-fit program.

Since the analyte concentration should be zero if the
response is zero, the constant b should be zero. if there a=»o
no systematic errors in the analysis. However, it is rot
necessary for b to be zero for the calculationa1 methos to
be valid, as long as catibration solution responses ara
reproducible and the calculated concentrations of the
calibration solutions are within 10 % of the actual czn-
centrations.

For each sample injection, determine Y by using the
response, X, in the formula.

Calculate the r.sponse factor, F, from the formula:
= YIX

Note that this factor shauld be the same for any point 2n =
Tinear curve which passes through the intercept: b = .

.
&
i
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3.1

3.2

3.3

b. Expenential non-linear response:

The curve will be of form Y = axP, wnere
Y = the concentration of the analyte, ppm,
X = the analyte respense, peak height or acea units.

and '
a and b = constants calculated by the curve-fit program.:

For each sample injection, deiermine Y by using the
response, X, in the formula.

Calculate the response factor, F, from the formula:
F o Y/X

The response factor will be different for each point on th
curve. , A .

DISCUSSION

Precision and Accuracy

Fortified soil samples wers prepared as described under 2.3.2 and
analyzed according to the method to establish accuracy.. As Table :
shows, recoveries from 8 samples fortified from 0.05 to 0.5 ppm
ranged from 99% to 127% with a mean recovery of 111%.

The precision of the method depends on vartiations in extraction and
instrumental analysis. The variations can be evaluated from the
data obtained during analyses of fortified samples. 35ix samples
fortified at 0.05 ppm were analyzed in triplicate to provide infor-
mation on instrumental precision; the mean coefficient of variation
for these analyses was 6%. The overall coefficient of variation for
20 recovery determinations was 8%. .

Limit of Detection

The detection limit of the method is 0.05 ppm as aetermined by
fortifications at the 0.05 ppm level with 2.5 em peak heights.

Notes

This method was developed using columns from 3 tb 8 meters in
length. Unsatisfactory chromatography resulted when using sharte-
or longer columns. : ‘ .

The technigue of cool on-cnlumn‘injection (wherein the éyringe‘
reedle deposits the sampie extract directly into the fused silica

195
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column) -. - .cerioration of the upper portion of the column
resulting -cline of sensitivity and peak shape; trimming *he
tnjector end of the column by 1/2 to 1 meter will .restore chroma-
tography. - ‘ . .

3.4 Safety Precautions

Personnel untrained in the routine safe-;andling of chemicals and -
good laboratory practices should not attempt to use this procedure.-
Information on any specific chemical regarding physicazl properties,
hazards, toxicity, and first-aid procedures can be found on the
Material Safety Data Sheets accompanying the chemical or available
from the chemical supplier. In general, always wear safety glasse.,
work in a well ventilated area, avoid inhaling vapors, and avoid
contact of any chemfcal with skin and clothing. Flammable solvents
should be kept away from potential sources of ignition.

3.4.1 Dichioromethane

Yapor 1s harmful.

Use only with adequate ventilation, avoid prolonged breathing of
vapor.

Avoid prolonged or repeated contact with skin.

3.4.2 Acetone
Acetone is flammable. -
Use in well-ventilated area; avoid prolonged breathing of vapor.
Avoid prolonged or repeated contact with skin.

3.4.3 Molinate Sulfoxide

Avoid contact with sxin and eyes,
Use in well-venti atea ar-:za.
Wash with socap and water #,ter any accidental contact.

. CONCLUSIONS

The method 1s specific for the analysis of molinate sulfoxide in
soil. Only readily available laboratory equipment and reagents are
required. The analysis can be completed by one person in an 8-hour -
period. Untreated and fortified untreated samples should be
extracted and analyzed with each set of samples to demonstrate
absence of interferences and adequate recovery. If determination 2°
molinate sulfoxide at a concentration other than 0.05 ppm to 0.5 pon
is required, suitably fortified samples must be analyzed to validazs
the methed at that concentration.

N
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5.  CERTIFICATION
Report No.: RR 89-033B/WRC 89-217
I, the undersigned, herepy declare that this study was performed

under my direction and that this report represents a true and
accurate record of the results obtained.

K Covrdey bate: _ 7/ /(F &

" K. K. Curry
Principal Research Chemist

Approved by:

/[:,-Q-..J\ . /L/W'l | ’oate: ‘?l/}; /)"I

Robert J.fBussey, Phf.
Supervisct, Environmental Chemistry Section
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. 6. ' TABLES AND FIGURES -

Table 1. Recoveries of Molinate Sulfoxide in Sofl.
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Table 1. Recoveries of Molinate Sulfoxide from Fortified Soil.

Fortification
{ppm)

Injection
Number

Percent
Recovery

VSampTe 1D
F 0.05-1

F 0.05-2

F 0.05-3

F 0.05-4

F 0.05-5

F 0.05-6

0.05

0.05

0.05

0.05°

0.05

0.05

1
2
3

AVG
v

(SN VR

AVG
cy

BN e

AVG
cv

(AN R ]

AYG

W

AVG
Cv

o N

AVE
cy

Overall mean

v

104
123
107

111
9.2

123
127
125

125
9.2

106
103
106

105
1.6

119
101
107

109
8.4

108
99
117

108
8.3

110
. 109
121

113
s.g

106
108

7.8
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