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' ENVIRONMENTAL CHEMISTRY METHOD

Pestcide Name: Phorate

MRID #: 405865-06
Matrix: Soil,
Analysis:. GC/FPD -

~ 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 éonccming
the methods, you may contact Elizabeth Flynt at 228-688-2410 or via ¢-mail at ‘

flynt.elizabeth@epa.gov.
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AMERICAN CYARAMID COMPANY
AGRICULTURAL RESEARCH DIVISION
CHEMICAL DEVELOPMENT
P.0. BOX 400
PRINCETON, ¥EW JERSEY 08540

Recommended Mathod of Analysis

GC Method for the Separate Determination of
and Related Compounds (CL 4,259, CL 18,177, €L 18,161 and CL 18,061)

THIMEI® phorate (CL 35,024):
CL 35,024
in Seil

A. Pzincigla

Residues of CL 35,024 and related ccapounds are extracted from soil by
shaking with 102 aqueous acetone. CL 35,024 and related compounds are
partitioned into mathylens chloride aftar dilution of the extract witch
vater and addition of sodium chloride to avoid enulsion formation. The
methylene chloride 1s evaporated a=d the residue dissolved ia a measured
volume of acetone. Quantitation is accomplished by gas chromatography
with an instrumeut equipped with a flame photouetric detector ia the
phosphorus mode. The results are calculated by comparison of the
iadividual peak heights to those iz an external standard. The validated
sensitivity of the method is 0.05'ppa for each compound. ‘

8. Reagents

l. Analytical Standards: ‘Obtained from American Cyanasnid Company,

_ Agricultural Research Divisgion, P.0. Box 400, Priuceton, New Jersey
08540. : ‘

Note: This method is identical to Method u¥l7lo3 except that sltercative
chromatography conditions sra given in this versica. -

SRegistered Trademark of Azerican Cystanid ‘Company
©1987 American Cyanamid Company
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Phorate, CL 35,024 l’huphorodith.io:le acid, §-
. " (ethylthioc) mathyl 0,0-d1echyl
s aster ..
- . )‘:‘:_’;7
(cza,O)z-P-s-cnz-s-cnzcnax/

Phorate Sulfoxide, CL 18,177 Phosphorodithioic acid,

S=
. .- (ethylsulfinyl)aethyl 0,0-
S Q diethyl aster

(Czaso )2‘?‘5"?2';-@2“3 67

Phorate Sulfoue, CI. 18,161 Phosphorodizhioic scid, S-

(cZnso )2‘?'5“2'5'@2@3‘//

’Pbora:oan. ‘ CL &,259 {y

(ethylsulfonyl) methyl ETQ'

s 0. diethyl aster

O ' \/,/
' / Phosphorothiotc acid, S-

) - (ethylthio) mathyl 0,0-diathyl
L B ' ester .

(Ezaso)z-r-sfcnz-sfcazcna

Phoratoxon Sulfone, CL 18,061 Phosphorothioic acid, S-

(ethylsulfonyl) ne:hyl-g.g-

o 0 ' diathyl ester
0

Solvents: B & J Brand Bigh Purity Solvenrs, American Burdick
and Jackson, or equivalent. '

b.

- 8. Methylene Chloride
Acetone

Reagenl:-a: "Baker Analyzed” Reagents, J.T. Baker Chemical Company.

a.
b.

Sodium Sulfate, Anhydrous
Sodium Chloride, Crystal

Solutions:
2sur ons.

10Z Water i{n Acetone (Extraction Sélvenﬁ): Add 100 oL of

distilled vater to a 1l-L volumetric flask, dilute to the mark .

vith scetone, and atx well. o “ ‘
c T ¥
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b. 25Z Sodium Chloride in Water: add 230 g of sodium chloride to

a l-L volumecric flask, dissolve in discilled water Aand dilute.
to the mark. ‘

5. GLC Packing: 12 EGSS-X on 80/100 mesh Supelcoport, Supeleo
special order GC packing, Supelco, Inec. .

Apparatus ) ‘ L. |
1. Gas Chromatograph: Tracor Model 540 or equiralent instrument
equipped with a flame photemetric detector (phosphorus mode).

2. Gas Chromatogra h-ic Column: 92 ca x 2 mm 1.4. borosilicate glass

’ column packed, using vacuun, with 11 EGSS~X ou 80/100 mesh Supelco~
port. Conditfon the column overaizht with column temperature get at
183°C and with carrier flow of &S mL/min. . :

3. Glass Waol, Silane Treatad: Catalog No. 14502, Applisd Science
Laboratories. ‘ .

4. Microliter Syringe: 10-mcl Capacity, Saries No. 700, Hamilton o
Company.

5. Rotary Evaporatar: Buchler Instruments or. equivaleat, equipped with
& glass evaporator trap (No. K-570200, Rontas Glass Coapany) between
the concentration flagk and the glass shaft of the evaporator.
During evaporatioa, warm the flask in a water bath maintained at
approximately 35°C. '

6. Recorder: Spec:ra—Physics, SP 4290 recording integrator, or
equivalent. . : . .

7. Balance, Acalytical: Sartorius, precisioca of + 0.95 ug.

. o ’
8. Balance, Pan: Sartorius Model 2254, precision of * 5 =z.
9. Glassware: Assorted laboratory.
10. PFilter Paper: Whatman, Iac.
" a. Glass Microfibre Filter, 934~AE, 9.0 cm.

b.. Qualitactive, No. 1, 18.5 e=. :
11. Aquatest IV: Karl Fisher moistyre titracor, Photzvolt Corporation;

Indiangpolin, Indiana. N

12. Horizontal Recigrocating Shaker: A.H. Thomas Co., No. 8291-510.

13. Nipple~type Laboratusz Bulb: Americsn Sclentific Products B5002-1.

1‘-

Disposable Pasteur Piper: herican Sciencifie Products P5215-1.

o
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Preparation of Staundard Solutiocns: (These soluctions are stable for at
least one monch if stored under refrigerationm).

.1.

2-

L

3.

Stock Solutions: (Equivalent for each compound).

Accurataly weigh about 50 aug of :hn appropriate analytical ltandard
of known purity and transfer to a 100-mlL volumetric flask. This may
be accomplished by attaching a nipple-type laboratory bulb to a
disposable Pasteur pipet and drawing up 5 to 10 drops of standard.
Weigh the pipet and standard using an snalycical balance, transfer 5

"drops of standard to the flask and reweigh. Dilute to the mark with
acetone, mix wall and calculate the concencration in mcg/mL. The
five solutions prepared in this way are the stock standards which
should be prepared at monthly intervals.

Standard Fortification Solutions

8. Prepare a cosbination standard solution containing 100 mcg/mlL of
- aach of the five compounds of interest by calculating the volume

of each stock standard required to give this concentracion vhen
‘diluted to 100 nmL.

ml. stock standard to be transfarred = 10,000

concentration of stock
standard in mcg/al

Afcer ttinsferring the appropriate volime of each of the stock
standards to the 100-mL flask, dilute to the mark vith acectons
and mix well. Designate as For:ifica:ion Standard A.

Prepare a combination standard containing 10 mcg/ul by traansferring
10 oL of Fortification Standard A to a 100-nL volumecric flask,

dilycing to the mark with acetone and mixing well. Designate as
Fortification Solutiom B. .

. Gas Chroﬁatograghic Standards

Pipet 2-, 1~ and 0.5- oL aliquots of Fortification Standard A (100 mcg

. of each compound/el) {into separate 100-ul volumetric flasks, diluce

to the respective marks with acetone and mix well. These solutions
contain 2, 1 and 0.5 meg/ul of each compound and will be used as GC
standards to show linearity of response. The 1l mcg/eol standard will

be the vorking external standard agaizat which all apparent residues

in samples will be calculaced.

cas Chromatographic Conditions

1.
2.

3.

Instrument: Tracor Model 540

Detector: - Flame pho:onetriq de:ec:ot (phosphorus uode).

Column: 92 em x 2 mm t.d. glass, pn:ked with 11 EGS5-X on
80/100 mesh Supelcoport. -
o ut
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4. Instrument Condit{ong#:

Colunn Temperatures 8. Isothermal Conditions
' 130°C (for analysis of C%. 35,024
and CL 4,259)
170°C (for analysis of CL 18,177,
CL 18,161 and CL 18,061)

¢

" b. Temperature Programmed Conditions
inieial: 140°C, 2 ainute hold .

program: 140°C to 180°C at 16*/minute

final: 180°C, 6 minute hold

" Inlet Temperature 250°c
Detector Temperature 230°c
Helium Flow Rate 25 ulL/min.
Hydrogen Flow Rate 150 nL/min.
Alr Flow Rate 125 alL/ain.

5. Recording Integrator: 0.5 cm/min chart speed.

6. Sensitivity: Electrometer sensitivity set so that s S-ng
injection of the working standards (Section D.3) gives a peak

height of approxizmately 40-60% FSD (full scale deflection) for each

compouad except CL 18,061 (a somewhat lower response will be
- obtained for this compound). '

7. Retention Times (aggicrxiute):

a. Isothermal:

CL 35,026 (130°) approx. 3.0 minutes
CL 4,259 (130°) 4.0 minutes

CL 18,177 (170%) « 3.7 minutes
CL 18,161 (170°*) 4.9 migutes
CL 18,061 (170°*) 5.8 minutes
b. Temperature Programmed L
CL 35,024: approx. 1.5 minutes
CL 4,25%9: 2.2 minutes
CL 18,177: 8.2 mingtes
CL 18,161: - ‘ 9.7 minutes
CL 18,061: 10.8 sinutes

' F. Sample Pregnr.nigg

l. Frozen soil samples should be alloved to thaw for several hours
before processing. (Do not allow soil sauples to remain at room

temperature for any great length of time)."

GC column, these conditions may need tc be adjusted to obtain

equivalent response and resolution as shown in Figures M=-1743.1.A

through M-1743.1.D.

sn3

. Depending on the instrument and detector used and the coundition uf the

"
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3.

4.

Deterninition of Moisture

‘After mixing, samples are returned to the freezer 1f analysis is net

Thawed soil should be mixed thoroughly, removing lirge gtones and
vegetation, to obtain a homogeneous sample. A sieve should be used
to help aix large (greater than 2 pounds) sanples.

performed iomedigcely.

Prior to analysis the mofsture content of all soil should be ‘
deteraited using the Aquatest IV Rarl Fisher titracor or by oven
drying. ' .o

Before usiag the Aqun:es:'lv, it sh;uld be checked for sccuracy using a
standard water solucion. '

1.

2.

3.

_Calculate the percent of vazer in the sample by using the following

i

Inject threes SO—::L'aliquots of methanol (B & J Braad or equivalent)
into the Aquatest unit to deteraine the vater content of the amethanol.

For a good bottle of methanol, the water content should be less than
10 meg/50 mel.

Using a pan balance, weigh out 1.0 g of soil from a vell-nixed
sample outo a piece of weighing paper. :

Transfer the sample to & l1quid scintillation vial and add 10.0 miL
of methancl. DR

Cap the vial and shake vigorously for 1 minuce.
Allow the sample to settlerfor at least 10 minutes.

Inject duplicate 50-melL aliquogs of the methanol extract into the

Aquatest ygnit. If duplicate values are aot within + 102 of each
other make two more injections. -

Inject amaller aliguots if the titration tire is greater than two
minutes. '

equation.

2 wvater = [Average BCg, ~ Average megy] x 0.02 x 30
. A

Where:
Average ncg, = Average micrograms titraced for sanple.

Avetrage BCZy = Average micrograas titrated for zethanol blank
(saze voliae as sample).

A = Microliters of saaple injeczed.

"
6/13
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9. 1If an Aquatast zv unit 18 not avnuabli. dry a 30-g subsanple of

801l 11 & bhood or aven to constant weight to determing the moisturs
contant. )

Recovery Test ' . Cramas 7

. - il .
The walidity of the procedure should always be demoastrated by recovery
tests before analysis of unkoown samples is attempted. A forrified
sauple should also be processed with each daily set of sasples analyzed.

1. Weigh a 100-g subsample of control soil into a 32 ox. narrow-mouth
bottle. ‘ ' '

2. Add by plpét 8 volume of standard fortification solution appropriate
to the fortification level to be tested. ' -

3. Add the solution dropwise and mix the cample well before adding the
extraction solvent. T

4. Continue with the extraczion and ¢leanup steps as described in the
follovicg seccions. :

Analysis of Soil

l. Weigh a 100-gram subsauple‘of soil iato a 32-oz. darrov-mouth jar.
2. Add 400 =L of ioz vater in acetone and cap vith a polyseal cap.
3. Shake for 30 min. on a horizontal shakar.a: high speed.

4. Filter using a Buchner funnel, with the aid of vicuum and 2 glass-
fibre filter papers, into s filter flask. - :

5. Wash the extractios bottle and soil mare witzh 5 x 30-al aliquots
. of the exrracting solvenc.

6. Transfer the filtrate to a SUO-aL graduacted cyliﬁder. diluce to
500 al with the extraction solvent, and mix thoroughly.

7+ Transfer a 250-mL aliquot of the filtra:elln:a a 1,000-z=l separatory
funnel. )

8. Add 300 =L of water and 10 ol of 252 sod{um chloride solutioa.
9. Add 100 ml of methylene chloride.

10. Shake vigorously for 45 seconds.

11.. Place a qualitative filter paper in s funnel and add 50 grams of
sodiuz sulfate. .

12. Draia the bottom, zethylene chloride layer {n the separatory funnel

through che sodium sulfate i{nto a 500-ml round bottom flask.
. . _u,u

77113
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13. Add an additlocal 100 ol of metliyléne chioride to the separatory
. funnel. ' o

14. Shake vigorously for 45 seconds. i
15S. Drain the bott.a layer through the sodium sulfats.

16. Wasgh the sodiuz sulface with an additf{onsl 50 ol of sethylens
chloride. X S

17. Evaporate the coabined extracts to dryoess using. a rotary
evaporator. - .

18. Dissolve the residue in 5 oL of acetone for quantitatioa by gas
chromatagraphy.

Gas Chromatographic Analyais

1. Adjust the GC conditions to obtain similar recention times and
responses as those gshown in the attached figures.

2. For isotherzal analysis of CL 35,024 and CL 4,259 use an oven
temperature of 130°C, and for CL 18,177, CL 18,161 and CL 18,061 an
oven teaperature of 170°C is required. The 1.0 meg/al combination
standard (Sectioa D.3) is used at boch temperatures.

3. For temperature progracmed analysis, inject the 1.0 meg/al _
combinazion stardard at 140°C. After an initial 2-minute hold at
140°C, raise the column temperature at a rate of 16°/min to 180°C whera
an isothermal hold of 6 minutes is maintained until recycling back to
140°C. The recordering integrator attenuation is lowerad by one-

half at 4 minuces into the rua to yield sactisfactory pesk height for
the later eluting compounds.

A 5-mcl injeczion of standard is zade fallowed dy two sample
injections, and amether standard iajection.

An average of the standards injecred before and after two saaples is
used to quantitacte the samples brackeced by the standards.

6. 1If a sample peak s:+s off-scale, dilute an aliguot to an appropriate

voluze and reinject to obzaia a peak size close to the standard.

Calculations

For each compound, use the sacple peak height and the averug~ peak

height mesasurement of the external standard obtained before sand &f-er
the gample injeccicn as follows: '

PPz = R(SAMP) X (V1) X (V3 X C(STD) X (VS) X (DF)
- ; R(STD) X (W) X (V) X (V&)

. . . : w
Where: . ‘ . fb

8/13
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‘R(SAMP) = Pesk height (am) for saiiple solucion
. ' t(srn) ® Average peak height (mm) for stasdard solution

W = Veight of sample taken faor aulylu in graas on & dry
basis* .

V1 = Yolume in ol of extracting solvent
V2 = Volume in al of extract takes for acalysis
- V3 = Volwe in mL of finsl solution used for GC anslysis
V4 = Yolume in mcl of sample solution injectsd
C(STD) = Concentration in mcg/al of standard solutica

Vs = Volume in mel of standard solution injectad

D.F. = Dilution Factor

Dry Sanple 'Jeigh: (d) = Initial Sacple Hc:lgh: (g) x 100 - Z moisture
100

e+

h]

9/13
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Pigure M=-1743.1.A: Typical Chromstograms for the Deteraination

of CL 35,024 and CL 4,259 Residues in Soil
by Isothermal Gas Chromatography

$q L

INJ : .

I o 30 -
3.82 CL 35,024
)._ﬁ, ———————_ 4 B4 CL 4,259
STOP - T .

—tL 35.Q2k and CL 4,259 Standard, 5 ng of Each Compound Injected

£

—

SToP

Control Princezon Soil, 50 =g Injected, <3.002 ppm Apparent
Residue of Each Compound ' I

&5 o _
Bt | - - |
e S -
- 4. 05 |
- IsTop W -

Control Princeton Soil Fortified at 0.05 ppm, 50 .mg Injected,
802 CL 135,024 and 81X CL 4,259 Recovered - : ZT;“
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Figure M-1743.1.B: Typical Chromatograms fer the Deteraination
‘ of CL 18,1277, CL 18,161 and €L 18,061
N : Residues in Soil by lsotharmsl Gas
-w' : Chromatography L _

CHANNEL R INJECT ©5./28/37 15:89:48

—_——

al
3.63 ﬂ 18,177

Fenl ‘ '
o 4. 835 CL 18,161

» \S s.75

.12 CL 18,061
CL 18,161 and CL 18,061 Standard, 3 ng of Each

CcL 18,177,
Coapound Injected

CHRNNEL R INJECT @S/28/87 1%:982:33

8 4409

Coazral Princston Soil. 50+«mg Injected, <0.007 ppm Apparentc
Residue of Each Compound

v

INJECT @S/28/87 15:17:18

[ ] 460 4“-

CHANNEL R

Control Princeton Soil Fnrtified at 0.05 ppm, 50 mg Injected,

. - . 106% of CL 18,177, 99Z CL 18,161 and 1002 CL 13.061 Recovared
‘ a-n
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Typical Chromatograms fer the Dourunauoi
of CL 35,024; CL 4,259; CL 18,177 and
CL 18,161 1in Soil

by Temparature - Programmed
Gas Chromacography '

Figure M-1743.1.C:

SHENNEL A

INJECT ©8/21/27 98:07:51
-==§vsfﬁii4§i
= CL 35,024
—ee———— TR oL 6.259" »
FT 4 '
kz; e —

8.22 cCL 18,177
(P )
e e ——
s.vss cL ll.ul‘

- CL 35,024; C1 4,259; CL 18,177 and CL 18,161, 5 ng
of Each Compound Injectad .

CHENNEL R INJECT @35/21,37 88126126

—CSkn 4 o T
__9—'- = 1. 92 -

o 2.20 ‘.

"_FEEF’3 4. 88

.18

Control Nebraska Soil Fortifiaed at 0.0% fpu.
Recoveries of 772

50 g Injected
(CL 35,024), 882 (CL 4,259), %0z .
and 1022 (CL 18,161)

2P

(CL_IB.I??)

12/13
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Typical Chiomitograms for the Determination
of CL 35,024; CL 4,259; CL 18,177 and

. CL 18,161 4in Soil by Temperature - Frogrammed

Gaas Chromatography

CHRNNEL A INJECT 08/21/87 88:44:42 .

4

Control Nebraska 5611. 50 mg Injected, Syparen: Residues.
- of <0.005 ppm for: CL 35,024; CL 4,259 and CL 18,161
and 0.012 ppm for CL 18,177

:buti.'

-






