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GAS CHROMATOGRAPHIC DETERMINATION OF EPTC SULFOXIDE, SBUTYLATE SULFOXIOE,
. - S-METHYL MOLINATE, FONOFOS OXON, DESETHYL NAPROPANIDE, AND PHOSNET OXON RESIDUES

IN SOIL

[. SUMMARY/INTRODUCTION

This method is intended for determining S-methyl moiinate, EPTC sulfoxide,
butylate sulfoxide, fonofos oxon, desethyl napropamide, and phosmet oxon
residues in solis at levels of 0.01 ppm to 0.50 Ppm. Al the analytes are
metabolites of active ingredients of registered compounds. The table
below gives the analyte, the active ingredient of which it 1s a metabo- .
Tite, and the chemical name and structure of the analyte.

Analyte Ingredient ' Chemica_l_um Stfuctgg
S-methyl Molinate  S-methyl hexahydro-lH~ - s
Molinate . azepine-l-carbothicate NCSCH,
EPTC _ EPTC S-ethyl dipropylthio- "j‘: '
Sulfoxide : carbamate sulfoxide cnc og"(cmu-cn.).
' in
Butylate Butylate S-ethy! ditsobutylthio- CH,C scn[c c ]
Sulfoxide carbamate sulfoxide HiSEN Crcrlen,) |
. [+]
. Fonofos Oxon Fonafos O-ethy! S-phenyl ethyl- cu,cu,-if-s@
. . , . phosphonothiocate o
, ‘ CH,CH,
Desethy) Napropamide N-ethyl-2-(1-naphthaleny- e
Napropamide , loxy)}propionamide O—CH—C—n(cH,cn,)
. } : ]
Phosmet Oxon Phosmet N-(mercaptomethyl) OO o !
: : phthalimide S-(0,0-di- o
methylghosphorothioate) NCH,SA{OCH,)
. ] .

S-Methy]l molinate, EPTC sulfoxide, butylate sulfoxide, feonofos oxon, .
desethyl napropamide, and phosmet oxon are extracted directly from soil
with water and toluene. The toluene extract 1s analyzed for S-methyl
molinate, EPTC sulfoxide, butylate sulfoxide, fonofos oxon, desethyl
napropamide, and phosmet oxon by capillary gas chromatography with
nitrogen-specific detection. ‘

I1. MATERIALS/METHODS
The equipment and i‘eagents described dbelow were used to 'generate' the data

and chromatograms presented in this report. Equipment with equivalent -
performance specifications and reagents of comparable purity can be used.

A. Apparatus
' 1. Gas Chromatagraph. Hewlett-Packard Mode! 5880A, equipped with
- : ) on-column injector inlet, Hewlett-Packard Model 7673A automatic
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sampler, nitrogen-phosphorus detector; and electronic integrator

Or data acquisition system. Any chromategraphic system giving
equivalent performance can be used. .

Chr_tagriggic Colum. J.& W 0B~1 (crossiinked methyl sﬂi,cane):.
8 xU.9) mmx 1.5 um thickness, or equivalent. '
Glass Bottles. Four-ounce, wide mouth bottles vith alumtnum foil )
caps. _ : L SR
Syrisge. 10, 100, and 500 microliter capacities, Hamilton 7OIN, .
» /S0N or equivalent. ‘ . o

Reciprocating Shaker. Ebertach Corporation, model 010 or equiva-

Centrifuge. IEC International, model C1582 or equivalent.

Reagents }

1.
2.
3.

Solvents. Toluene, Acatone, Nanograde® or- e.qimalent.f*"
MaCl, Anhydrous NapSOs. Reagent grage. '

S-Methyl Molinate, EPTC Sulfoxide, But late Sulfoxide, Fonofos
Dxom ksefﬁ T Na 1de, and Fﬂoaa¥ Uxon. Eiilyf'i'_cal
re?u"'l_nce-sdﬁi?'gs g-.ufﬁyl ‘molinate, EPTC sulfoxide, butylate
sulfoxide, fonofos oxon, desethy) nipropamide, and phosmet oxon.
Availadle from ICI Americas Iac., 1200 S0. 47th Street, Box 4023,
Rictmsnd, CA 94804-0023, Attention: Environmental Sciences

Department Manager.
Calibration and Fortification Solution.
m '

To prepare a stock solutfon weigh to the 4th decimal place a con-
ventent quantity, e.g. 50 mg, of analytical reference standard of
knowa purity into 2 suitably sized bottle. Calculate the weight _
of solvent to add, based on the weight of reference standard
takes, the purity of the reference standard, the density of the
solvent, and the desired solution concentration, typically 1000

e

<9

. ug/at, as follows: _ -

SQ WxPxD

where S = the weight of solvent to add (g), _

- W » the weight of primary standard taken-(mg std). -

P o= thé'puripy‘of the ﬁrimry'standar-. (mg a.i./mg std),
D = the denstty of the solvent (g/mL,, '
A

and

= the desired solution concentration (mg a.i./mL solvent) B
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Add the calculated weight of the appropriate solvent to the
bottle, close the bottle with a polysecal ca2p, and mix thoroughly
to dissoive the primary standard. Use toluene (D « 0.867 g/mL)
for calibration solutions, and acetone (0 = 0.792 g/aL) for

3 -

fortification solutions.

To prepare working calibration solutions, dilute the stock
calibration solution by weight with toluene to give solutions that
contain 1.0, 0.1, and 0.01 ug/mL of each analyte to be determined
or other concentrations as required. ' o

Dilute the stock fortification solution by weight with acetone to
give solutions that contain 10 pg/mt of each analyte to be deter-
mined, or other concentrations as required, :

As discussed in Section III.A below, an analyte may exhibit an
enhanced response in sample matrix, as demonstrated by high
recoveries from fartified control samples. In such cases, the
calibration solutions may be prepared in sample extract solution
to compensate for the response enhancement. Pregare calibration
solutions in the sample matrix by either of two methods: 1) eva-
porate the toluene from a known volume of working calibration
sotution and take the residue up to the original volume with
extract from an untreated control sample, or 2) add, via a )
syringe, the required amount of stock calibration solution to 2
known volume of extract from an untreated control sampie. The
amount added must be smajl énough relative to the extract volume
that dilution s insignificant. The later methad {s preferred if
the analyte 1s volatiie.

C. Analytical Procedure

1.

Extraction

Weigh 40.0 g of tharoughly-mixed soi! sample into a 4-0z wide
mouth bottle. Add 40 m. of distilled water, 10 g of NaCl, and

40 mL of toluene. Cap the bottle with an aluminum foil-lTined 1id
and shake 1t on the reciprocating shaker for 2 hours. Centrifyge
for 10-20 minutes at 2000 rpm to aid the separation of the phases.
Alternatively, use any convenient weight of sofl, 20 g or more,
and extract with water and tolyene in a sofl:water:toluene wov:y
ratio of 1:%-1:1; confirm the validity of the extraction method by
aralysis of fortified control samples. Remove the top (toluene)

- phase for analysis. Ory stored extracts with anhydrous NapS04. - '\

The validity of the method must be confirmed by analysis of. .

appropriate control and fortified samples with each set of samples

analyzed. If method validation recoveries are adequate without

added NaCl, the use of NaCl {s not required. Similarly, if

chromatographic sensitivity and reproduceability are adequate

. with split or split]ess injection modes, on-column injection s
not required. : ' ' _
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Analyze unfortified and fortified control samples with each set of -
treated samples to demonstrate method recovery according to the
Quality Assurance SOP. For example, for 40-g samples, weigh 40 g
of untreated control soil into a 4-0z wide-mouth bottle. Add
0.040 ml of the 10 ug/ml acstone fortification solution to produce
a fortification level of 0.01 ppm, or add 20 ui of the 1000 pg/ml
acetone fortification solution to produce a fortification level of
0.5 ppm. Add water, NaCl, and toluene and extract as above. If a
different weight of so1l is analyzed, use that weight and adjust
the volume or concentration of fortification solution to give the
desired analyte concentration. Extract using the same amounts of
water, salt (1f required), and toluene as for the treated samples.

0. Instrumentation G R S

1. Operating Conditions S

Follow the manufacturer's instructions for operation of the gas .
chromatograph and nitrogen-selective detector. Use these para- _
meters for the analyses or other operating conditions that achteve
equivalent sensitivity, reproducibility, and resolution. C

i Lo T

Y . LT

Intlet -~ 6nécolum Anjection , o
Oven initial temp.- " 100°C P o
Initial time ° 0.05 min R
Temp. programming rate 25°C/min
Oven final time 9 min
Oven final temperaturs 260°C )
Injector temperature . OFF T '
Detector tesperaturs ~ 300°C ' .
Carrier gas ; = Helium. N
Carrier gas pressure’ . 3. psi N L S
Carrier gas. flow . - 12 mL'Im_n : e T L )
Injection stze - 3 . L L .. '
Quantitation. . . Peak height (external standard)
Makeup-gas, helfum 22.5 ml/min I :

i Ar . W0a/mia - T
Hydrogen - amumn

-

Under the above conditions the elution times of the ‘analytes'rainge |
from 2.5 to 5.7 minutes. See Figure 1 for typical chromatograms.

v o
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2. Calibration

The gas chromatograph 1s calibrated using the analyte calibration
solutions specified in section 11.8.3. Chromatographic sensitivity
is established by analysis of the 0.01 ug/mL calibratfon solution.

- Quantitation of residues at levels above the detection 1imit 1s
done by an external standard procedure in which peak heights or
areas of analyte peaks in sample extracts are compared to
corresponding peak heights or areas of analyte peaks tn calibra-
tion solutions. See Section G, below, for detatls af calcula-
tional methods. .

3. Analysis of Extracts

Inject the sample extracts using the same conditions used for
calibration. The identity of the analyte peak tn the sample
chromatogram 1s assigned based upon the coincidence of retention
times (within 0.03 minutes) with those of the calibration chroma-
tograms. If the response of a peak identified as an analyte
exceeds that of the highast calibration solution, dilute the
sample extract until 1ts response is within the calibrated range,
or extend the calibration range by tnjection of calicration soly-
tions at higher comcentration. Reinject the calibration solution
after every two to four sample injections and recalibrate as
needed. Reinject the calibration solution at completicn of the
sample analysis. o '

Interferences

No clean-up is required when this procedure is utilized as described.
However, extractives from soil occasionally contribute peaks with

retention times near those of an 2nalyte. Satisfactory resolution can
usualiy be achieved with appropriate oven temperature manipulations or

" column choice. Appendix A shows typical chromatograms. Anmalyze

extracts of samples from untreated plots to demonstrate the absence of
interferences from sample matrices, solvents, or labware. Typically,
the active ingrediant or pareat compound may be present in any sample
analyzed for a metabolite. Always confirm that the active ingredient

-and the metabolite do not co-elute under the canditions of analysis.

Conf1i rmatory Techn*lgges

Unexpected positive results, as in untreated control or pre-applica-
tion samples, should be confirmed by other means, preferably by GC/MS,

mass selective detection, or use of a second capillary column of daif-
. ferent polarity. ' : ‘ . . -

Calculations

Calculations are done in one of two ways. If the response is linear, a
factor can be calculated as described in 1 belew. If the response s
non-linear, or if the analyst prefers, the analyte responses over a
range of calibration solution concentrations can be fit to a tinear

or an exponential curve, and a factor can then be calculated as in 2
below for each paint on the curve that cerresponds to an analyte
-esponse in an injection of sample extract. -

"y
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1. ' Linear Resgonse, Direct Calculation of Factor
a. Caltbration Factors for Linear Response *
___-_-r_—_—L_

F = the response factor fofﬂthe analyte (ppm per eléctronic;
unit), calculated as follows: S,

C. - . e
F, & ecencea ' ' .

Pxs - s o

where C = the concentration of analyte in the calibration:
' solution (ug/mi) '

S = the amount of initial sample represented by ‘eac..
milliliter of final éxtract solution tnjected (g/mL)

P = the peak area or height (electranic units) of the
analyte peak in the thromatogram of the calibration
, selution . -

Averaged response factors for multiple {njections of calibra-
tion solutions and for mors than one concentration of calitra-
tion solution can be used as appropriate in the calculation of
th: concentration of the analyte in the sample, as described -
b! e . ’

b Analyte in Sample

‘The cancentration of the analyte in: the orfginal sample 15 -
calculated using an externa) standard mathod as follows:

.pnq' s F x R T ;
where ppm = the amount of analyte in the soil 1n parts per ,
million : : _ R -

-iR = the peak area or height {electronic units) of the
analyte peak in the chromatogram of the sample
extract ' ’

and F = the response factor for the analyte (ppm per
. -electronic wnit), calculated as described above

Note for the above external standard calculatyons, equal voly-
mes of both the extract and the calibration solutions are
injected. -

2. Curve Fit foE Linear or Non-Linear.Res onse

It the instrumental response to -injections of calibration solu- .
‘tions 1s reproducible and efther 1inear or exponentially ron-
1inear, a concentration-response curve can be ysed for sample
quantitation. Any va)id curve-7itting program can be used. Inpyt
the concentration and response for each injection of calibration
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s”lution. The program will generats the formula for the
corresponding 11near or exponential curve. From the formula,
detérmine the calculated concentration for each injection of
calibration solution as described below. The calculated and
actual concentrations should agree within 10 X retative; that is, .
the ratio of the actual to the calculated concentration should be
between .9 and 1.1. If the agr:ement is adequate, calculate the

7

- concentration of analyte in the sample, and corresponding response

factor as follows:

4. Llinear Response: _
The foﬁmla will Se of form Y » mX + b, whers

Y = the concentration of the analyte, ppm, 7
X = the analytg respoa.".e. pezk height or area umits,

and - ‘
. M and b « constants calculated by the curve-fit program.

Since the analyte concentration should be zero if the ,
response is zern, the constaat d should be zero 1f there are
no systematic errors in the amalysis. However, it 1is not
necessary for D \o be zero for the calculational method to be
valid, as long as calibration solution responses are reproduc-
cibie and the calculated concestrations of the calibration
solutions are ~ithin 10 ¥ of the actual concentrations.

For each sample injection, determine Y by usirg the response,
X. il'l th‘ fOl"llIﬂa. . H\.

Calculate the response factor, F, from the formula:
F = Y/X ' |

Note that this factaf should be the same for any point on a
Tinear curve which passes through the intercept; b = Q.

b. Exponential non-1inear responsé:

The curve will be of form Y = axb, where
Y = the concentration af the analyte, ppm,
X = the analyte response, peak height or area units, .

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

For each sample 1njection, determine Y by using the response,
X, in the formula. : :
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Calcuiate the respunse factor. F, from the fcrmula:
'F-Ym e
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The response factor will be differeut for each point on the -

CUI'VC.






