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Determination of Fonofos, Fonofos%ben, and Methylphenylsulfone

CII.

SUMMARY/ INTRODUCTISN

Residues in Soil by Gas Chromatography

—

This method is intended for determining residues in soil of
foncfos at levels of 0.01 to 10.0 ppm and of fonofos oxon ans
methylphenylsulfone at levels:of 0.01 to 1.0 Ppm. Fonofos is
the active insecticidal ingredient in the various formulated
products marketed by ICI Americas Inc. under the trademark

."DYFONATE". The chemical nameassigned to fonofos by

Chemical Abstracts Service (llth CT) is pPhoesphonodithiocic
acid, ethyl O-ethyl S-phenyl ester [944-22-9]. Fenofos oxon
is a toxic compound derived from the chemical or biochemical
oxidation of fonofos. The chemical name for fonofos oxon is
phosphonothioic acid, ethyl Q-ethyl S-phenyl ester (%44-21-
8]. Methylphenylsulfone is a:metabolite that has been .
identified in a soil-metabqlism:study. The chemical name fecr
methylphenylsulfone is methylsulfonylbenzene [3112-85-4),

The chemical structures are given below. o :

_ s ' o ‘ .
—_— ! " f_‘ ) Do
# Ni-$-P-0CHCH3 (. \)-S-P-0CH,CH; CH3-507<" Y
i\, 0 3-S03
=/ T o : \:;/ TL,- j\:;,
CHpCH3 . CHCHy \ S
‘Fenofos ' Fonofos oxon : Methylphenylsulfone

Tenofos, fonofos oxoh, and methyiphenyléulfone ére extracted

directly from the soil by shaking the soil with water and
toluene. The toluene extract is analyzed by capillary cas
chromatography with mass-selective detection. o '

HMATERIALS/METHODS

The egquipment and reagents deséiibed below were used to
generate the data and chromatograms presented in this repor:.
Zquipment with equivalent performance specifications and
reagents of comparable pu:ityicanrbe used.

&. Apparatus’

1. Gas Chromatcograoch. Hewlett-Packard modei 5880A
desicned for use with capillary columns and _
temperature proegramming=of the column oven. The aas

" chromatograph is equippéd with 3 Hewlett-Packard
mocel 7672A automatic sampler/iniectosr.

-~
—
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Masg—ggggtrgmg;;ié'bg;ectgg. Hewlett=-Packard model
5970 mass-selective detector with version 3.1.1
scftware. .

Gas-Chromatographic Column. 12 m by 0.2 mm capillary
column with a 0.33-um film thickness of crossii=iked
methyl silicone and with a minimum of 4800 plates per

meter (Hewlett-Packard, Ultra 1, catalog no. 1%091A-
101). .

Shaker. Reciprocating movement (Eberbach
Corporation, Ann Arbor, M%l,

Centrifuge. Equipped to accept 4-o0z bottles (model
K; Damon/International Equipment Company, Needham

Yeights, MA) . . .

¢ Cleaner. 13.5 x 12 x 11 (height) inches

‘ &verall: 11.5 x 9.5 % 6 inches for bath (VWR

Scientific).

Glass Bottles. Four-ounce, widemouth bottles with
screwcap lids. Aluminum foil is used to cover the
mouth of the bottles prior to capping.

Svrinages. .lo-uL capacity (Hamilton 761N) for .

autosampler and 500-uL capacity (Hamilton 750N) for
fortifications. o .

B. Resagents

1. Solvents. Methanol, toluene, and water. Aall scivents

must be of high purity and suitable .for use in =race
erganic analyses by gas chromatography.

Eonofos, Fonofos Oxon., and Methvlphenvlsul fone.
Analytical reference-standards. Available from ICI
Americas Inc., 1200 South 47th Street, Box Numker
4023, Richmond, CA 94804-0023; Attention:
Environmental Science Department Manager.

Calibration and Fortification Solutions.

. To prepére a--1.00 mg/mL {= 1000 ug/mL):stock salution

¢ an analyte, place a known quantity (+ 0.1 mz) of
acproximately SO mg of primary standard of known
zurity into a 4-0z narrow-mouth bottle. Calculate
the welght of solvent to add, based on the weicht of

rimary standard taken, the purity of the primary
-andard, and the density of the solvent, as fellows:

n'y

{4 w2
S = L

101%13i"
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where weight of solvent to add ({(qg),

weight of primary standard taken (mg),
purity of the standard (100% = 1.00),
density of the solvent {(g/mL), and

S
W
P
D
L required analyte concentration (mg/mL).

SWnnEn

Add the calculated weight of the appropriate solvert
to the bottle, close the bottle with a Poly-Seal or
Teflon-lined cap, and mix thoroughly to dissolve the
reference standard. Use toluene (d = 0.867 g/mL) for
the calibration solutions and methanol (d = §.793
g/mL) for fortification solutions.

To prepare working calibration solutions, serially
dilute the stock calibration solution by weight with
toluene to give 10, 1.0, 0.10, and 0.010 pg/mL
solutions or other concentrations as reauired.
Dilute the stock fortification solution by weight
with methanol to give a 100, 10, and 1.0 pg/mL
solutions, or other concentrations as required.

C. Analytical Procedure
| 1. Extraction

Place a 25-g subsample of a thoroughly-mixed soil
sample into a 4-oz widemouth bottle. Add 25 mL of
distilled water. If the soil has been treated with a
‘granular formulation, cap the bottle with an aluminum
foil-lined lid and sonicate the sample for 20 min in
a ultrasonic cleaning bath. Add 25 mL of toluene.
Cap the bottle with an aluminum foil-linsd lid.

Shake the sample on a reciprocating shaker for 1°
hour. Centrifuge the sample for about 10 min at 2000

rpm to separate the phases. ~Remove the top. (toluene)
phase for analysis. o .o ‘ _

2. Fortificatiecn

Analyze unfortified and fortified con-rol samples
with each sample set to demonstrate method recoveary
according to the Quality Assurance SOP. For example,
for 25-g samples, nlace 25 g of untreated control
'soil into a 4-oz widemouth bottle. Add 0.25 mL of
the 1.0, 10, 100, or 1000 pg/mL fortification
solution to produce a fortification level of 0.0:%,
0.10, 1.00 or 10.0 ppm. Add 25 mL of water, 25 alL of
toluene and extract as detailed in secticn C.1 atove.

1025133
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D. ‘ihstrumentation

1. Operatine Conditions

o
o

Follow the manufacturer’s instructions for cperation
of the gas chromatograph and mass-selective detec=or.
The specific conditions listed below were used te

generate the data and chromatograms‘presen:ed in z=his

report.

Gas Chromatoara :

: Carrier gas:
Column head-pressure:

: Inlet type:
Inlet temperature-

helium
5 1b/sq. inch

splitless; 2 mm .4,

230°C
Interface temperature: 230°C
Initial oven temperature: 100°
: - Initial time: 1.0 min
Oven-temperature program-rate-: 20°C/min
Final oven temperature: 240°C
Volume injected:. 1.0 HL
Valve off: 0.5 min
Total run time: 8.0 min
Mass-Selecrive Detector:
Software version: 3.1.1 _
Mode: low resolution S.i.m.
Dwell time: 100 msec _
Tuning: optics optimized for m/z 219 angd

Quantitation:

264 with perfluorotributylamine
Peak height:; external standard
Parent ion

'Mass monitored:

Fonofos: m/z 246
Fonofos oxon: m/z 230
Methylrhenylsulfone: m/z 156

- Using the above conditions thé elution times of

fonofos, fonofos oxon,
S.4, 4.9, and 2.9 min,
for typical chromatograms.

Calibrate the

ively.

and methylphenylsulfone.we:a
respect

See Figure :

9as chromatograph by using the ana:-te
calibration Sclutions -specified in Section II.B.3

Calibrate the instrument by using the 10.0,. 5.00,

1.00,

1036113
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3. Analvsis of Extracts

Inject the sample extracts using the same conditions
used for calibration. The identity of the analyte
peak in the sanple chromatogram is assigned based
upon the coincidence of retention times (within 0.0z
min) with those of the calibration chromatograms.
Reinject the calibration solution after injection of
every two to four sample extracts and at the end of
the chromatographic run. Calculate the concentration
of the analyte(s) in the sample extract by comparing
it to the closest standard (peak height) or by use of
a2 standard curve. —

Interferences

" No cleanup was required when this procedure was used as

described. However, extractives from soil could
potentially .contribute peaks with retention times
coincident with or near that of the analyte(s).
Satisfactory resolution can usually be achieved with
approrriate over temperature manipulations or column

: Sselection (length, phase) ., " If resolution cannot be

achieved, an alternate ion can be monitored. Figure 1
shows typical chromatogrums. Analyze extracts of samplas
from untreated plots to demonstrate the absence of

.. interferences from sample matrices, solvents, and

labware. Fonofos is chemically similar to acrcive
ingredients in other organophosphorus insecticides.

i’ However, the resolution provided by capillary columns

combined with the seleccivity .fforded by selective-ion-
monitoring should eliminate any problems of )
misidentification. .

Confirmatory Techniques

Unexpected positive results, as in untreated control or
pre-application samples, should be confirmed by other '
means. Confirmation can be achieved by quantization-
using a different m/z ion or by using a different
detector type, such as a flame photometric detector with
a phosphorus or sulfur bandpass filter or a
nitrogen/phosphorus thermionic detector. A 'list of

alternate m/z iens for the three analytes are Siven
below. '

10464413
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‘ '%,
Sulfone Oxon #% Fonofos

relative relative EQ relative

m/z % _abundance mn/z i_gbgnggngg‘ m/z % abundance
51 as 65 a7 ‘63 21
77 100 93 - . 100 - ‘81 le
94 - 28 109 20 109 100
141 18 110 21 110 20
156* 16 121 21 . 137 ' 31
230+ 15 246* - 15

* Parent.i a

Calculations . . b

The concertration of the analyte in the original sample
is calculated by using the external standard me=zhod,
i.e., the response obtained for the analyte in the sample
ertract is compared to the response cobtained from a-
separate injection of a known amount of ‘analyte
(calibration solution). It is assumed ¥§t the
calculations outlined balow that the injéction wolumes
for all calibration solutions and samplefextracts are
fixed at the same volume. 3

1. Linear Detector—-Resvonse P

x
[
TR
.TC_F?.
a. Calibration Factor ?ﬁ;

Calculate the response factor, F, for.injeczion of a
calibration solution as follows: Fim

A

Lo

_ e
F ({ng/HUL} /response unit) = -?gsg‘-‘

Rgga X 5

‘ ' ' L ET
where Cgrq = concentration of calibration solution,
ng/uL oy .
Rgrg = response units (e.g., jpeak height, peak
area, e}ectronlc units)from detector
for calibration solution'

5 = ratio of amount (g) offsample extracted
to volume (mL) of extraétion solvent
used. ' &

el
If the extract has been cOncentratedjpr diluted, s

can be calculated as follows: _é?
Wsample - Vinirial =

'S = -==-Re- x. -=-=2232 %

el

Vsolvent Vfinal &%

1050143 b
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.Averaged response fact

where  Wgappje = total "eighl _;;sample extracted, g
" Vsolvent = t°t31T :solvent used in

- Vinitial =

analysis, jl_l_.?’« 4
final:volume¥ofsextract after
concentrat n¥or dilution, mL

Veinal =

b. 2Anzl am

Calculate the analyte concentration, R, in the
original sample as
follows:

where F = reiponse fact . ‘(ng/uL)/:esponse
' unit o :

Rsample = S2from detector for

calibration solutioAibeforarWctter inJeCflon of

sample extracts may be se-&ﬁtt:calculatlon of the
analyte concentrationzinith ple.

a. Ana

concentration of they
the x-axis and the cqrr_spond
the detector (Rgeq) asithel

analyte concentration

lution (Cgpry) as

response units from

or a range of

LOWT. Figure 2. Taxke

the response units fr _-e ector for the analyre
' nd determine the

in the sample extrac
concentration of thew T e ﬁgi—he sample extract -
(Csample) by using thefs anaar&rcurve. Calculate :he
analy.e concentratlon. ; iginal sample as

follows:

R (Hg/g or ppm);ﬁ
b. Calibratien Factogﬂ
Calculate the responsa factor P for the theorer;-ai

injection of an appropriat bration solution as
follows:




WRC 88-67 . . ‘ 8

ITI. DISCUSSION

-

A. Precision and Acczuracy

‘Fortified soil samples were prepared as described unier
‘section I1I.C.2 and analyzed according to this method to
. establish accuracy. jTane_l,gives the desgriptions of
the two s0ils used in this§ study. As Table 2 shows,
recoveries from loamy sand - and loam sET?J?ﬁmples
‘fortified from 0.01 to 10.0 ppm of foncfes ranged from 66
. To 120 % with a mean recovery of 95.4% (n=36 ang
..coefficient of variation (CV) of 13%; CV = 100 x
(standard deviation/mean). RecoVeries from soil samples
fortified from 0.01 to 1.0 ppm of fonofos oxon ranged
from 75 to 122% with a mean recovery of 97.1% (n=21) and
. CV of 12%. Recoveries from soil Samples fortified from
. -0.01 to 1.0 ppm of methylphenylsul fone ranged from 59 to
. 111% with a mean recovery of 82.3% (n=31) and CV of 13%.

The precision of the method depends on variations in
extraction and instrumental analysis. The variations in
extraction and instrumental analyses can be evaliated

. from the data obtained during analyses of fortified

© samples. The coefficient of variations given in Table 2

- 'are .a measure of precision.

- 3. .Detection Limit

»H-The Qetection limit of the method is 0.01 pem for each of
» the three analytes as determined by fortifications at the
. 0.01-ppm level with at least 300 peak-height units.

<. Dry-Weight Basis

This method determines the residues on an as-received
basis. If it is desired to express the values on a dry-
weight ‘basis, compensation is Necessary for water present
in the sample. Percent moisture can be determined by
drying a subsample at 105°% for 24 hr.

~-. Safety Precautions

Personnel untrained in the routine safe-handling of
chemicals and good'laboratory Practices must not attempt
Lo use this procedure. Information on any specific
chemical regarding physical Properties, nazards,
toxicity, and first-aid Procedures can be found cn the
Material Safety Data Sheets accompanying the chemical or
avzilable from the chemical supplier. 1In General, always
wear safety glasses with Sideshields, work in a well
ventilated area, avoid inhaling vapors, and avoid contace
©f the chemical with skin and clothing. Flammapl.

sclvents should ze kept away from Potential sources of
ignirtion. . :

1076133
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1. Flammable Selvents. Methans! and toluene.

<. Zonofos, Fonofos Oxon, Methvivhenvisy ne. Remove
. contaminated clothing and wash affected scin area
with soap and water after any accidental contact.
Wash eyes with plenty of water after any accidental

cgntact. Fonofos and fonofos oxon are CHOLINESTERASE
INEIBITC™S. )

=".  CONCLUSIONS

The method is specific far the analysis pf fonofos, fonofos
oxon and methylphenylsulfone in soil. oOnly commercially
availeable laboratory equipment and reagents are required.
The analysis can be completed by one ferson in an B8-hr beriod
if an adecuately homcgenized sample is available. Untreated

- and fortified untreated samples should he eXtracted and
analyzed with each set of samples to demonstrate absence of
interferences and adequate recovery. 1If determination of _
fonofos at a concentration other “han 0.01 to 10.0 ppm and
of. fonofos =xon. and methylphenylsulfcne €ach at ' a
cdncentration other than 0.01 to 1.00 PPm are required,
Suitably forrifies samples must be analyzed to validate the
meEhod at zhat concentration. S

e

1080132
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Table 1. Properties of the Sgils used in the St

CERTIFICATION

This is to certify that this is a complete and unaltered .
report prepared by the Environmental Sciences Department of
ICI Americas Inc., Western Research Center. -
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TABLES AND FIGURES

udy.

“Soil Sample

Cescription D133 . Dl34
Origin (Czlifornia): Visalia Porterville
Soil depth, inches: 0 -8 0 -8
Textural class: loamy sand loam
% Organic matter: 0.8 0.7
: =H: -~ 7.7 . : 8.2
“Cation exchange caracity, mec/g: 9.5 17.5
Composition '
' _% Sand: . s5% - 48
% Silr: 33 40
% Clay: 12 . 12
AR & L Great Lakes Iepert no . Fl84-173 F260~-114
. - Sample neo.: 36/06957 11/14894

10941453
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Recovery of Fonofos, Fonofos Oxon, and Methyl-
phenylsulfone from Loamy Sand and Loam Soils.
Sample pPpm % Fonofos % Oxon $ Sulfone
no. Added Recovered Recovered .. Recovered
D133-01 0.10 107 116 97
D133-01 0.010 109 83 66
D133-04 0.010 77 86 73
D133-15 10.0 94
D133-15 1.0 98 ™ e2 80
D133-15 0.10 110 102 89
D133-15 6.010 96 100 72 -
D133-34 10.0 85
D133-34 1.0° .78 82 75
D133-34 0.%10 108 85 72
D133-46 5.0 103
- D133-46 0.10 101 110 83
D133-46 . 0.10 92 101 g2
D133-46 0.010 147 96 - 81
D133-46 6.010 89 97 ; 67
D133-70 1.0 99 85 81
D133-70 1.0 9z 89 84
D133-70 0.10 79 75 73
D133-82 0.10 9% 87 91
P_ D133-82 0.010 83 102 87
- e D133-82 0.010 113 - 94 89
D134-01 0.10 93 86 85
0134-01 0.10 116 122 103
D134-01 0.010 110 102 - 75
D134-01 0.010 66 . 89 59
D134~-21 10.0 80
D134-21 1.0 39 85 88
e D134-21 0.10 86 111 - 79
- D134-21 0.010 88 85 82
R — D134-35 10.0 88 :
D134-35 1.0 82 109 73
D134-35 ¢.10 88 88 81
D134-35 - 0.010 91 113 111
D134-59 1.0 107 112 88
- D134-59 0.10 103 1C0 90
+» D134-59 0.010 120 106 84
‘Number of Samples Analyzed: 36 31 I 31
B gg Range: 66-120 75-122 .~ 59-111
Mean: 95.4 87.1 &= 82.3
}.mCoeffLCLent of Variation: 13% 12% . 13%



Figure 1lA. Sample Chromatograms for the Anal
phenylsulfone (2.9 min), Fonofos
(5.4 min) in Soil (D134):

and Fonofos

12

ysis of Methyl-
Oxon (4.9 min),

A. Calibration solution containing 0.01 pg of each
analyte/mL. ‘ .
B. Untreated control soil (D134-35).
C. Untreated control seoil (D134-35) fortified at 0.01 ppm,
! - each analyte.
D. Treated soil (D134-38); 0-3.5 inch depth; 7-day
. postapplication after treatment with 4.0 1lb a.i./acre
! with DYFONATE 4-EC. Soil contained 0.01 ppm each of
* methylphenylsulfone and fonofos oxon and 0.88 PPm of
fonofos. N '
2000, . 1L as u-.umt.-:-ua.?n.o :
s 1300 l L
< . . .
A E 1ouo ﬂJ‘i‘\-. l : .
| I .
o .o . . """'1‘
. 2 'I!-'- L 3. ':
ato0y 112 or Dl‘-\;ﬁeiﬂlat‘]"_r‘ _ -
: 1300 :
§ woo] |
E‘ E 1., ] m‘lﬁ’“*----,‘_-___ | | .
& 3D . T N‘mﬂiltl"ﬂﬂ“d,wnw‘
o ’ : )
. ? o 'l-:'o ficem 3 » ﬁ
2000 | 112 o¢ UWIR:33¢0.01 § T
. : 13009 Lo .
E mao | i
C MW ¥
2 300 . T el ~ mh&&th hw‘-d“"‘\
o — — ‘__, : e
2090 TIZ of ORTA:0I23018 § |
' [BEST AVAILABIE Fov )
D '-: mud{J - ‘ —r Lo
. Z soo - »qi.t-\-aiﬁ-:q.e,;,' '\..,,,.,.,..,..,..,,,,_,1
) ? 0. 7 s Ta

1116133




WRC 88-67 T . | 13

Figure 1B. Sample Chromatograms for the Analysis of Methyl-
rPhenylsulfone (2.9 min), Fonofos Oxen (4.9 min),
and Fonofos (5.4 min) in Soil (D133):=

A. Calibration solutxon containing 0.01 pg of each

. analyte/mL.

B. Untreated control soil (D133-34).

€. Untreated control soil . (D133-34) fortified at 0.01 ppm,
each analyte. )

D. Treated soil (D133~ 33), 0-3.5 inch depth; T-day
postapplication after treatment with 10. 0 Ib a.i.s/acre
with DYFONATE 20~G. Soil contained 0. 02 ppm of
methylpienylsul fone, 0 01 ppm- of fonofos oxen and 4.4 ppm
of fonofos. o

~
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Figqure 2.

PEAR HEIGHT
(Hillions)

Calibration Curves for Fonofos, Fonofos Oxon, and
" Methylphenylsulfone Based upon Injection of 0.01,
0.10, 1.0, 5.0, and 10.0 Hg of Analyte/mL .
Solutions.
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