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trade name "TOUGHDOWN". aupp is the principal .
degradate/metabolite of PMG. The chemical Structures and
molecular weights (MA) are shown below. '

| 0 "
i I I

Ho/"\/""\/,‘""“’" HaN<_~ P — OH
OH OH

MW=16;mgiltons MWéllfMggitons

PMG and AMPA residues are eXtracted from soil using a mixture
of dilute lum hydroxide ang Potassium phosphate. The .
analytes in the aqueous &Xtract are derivatized_directly
using a mixture of trifluoroacetic anhydride and
heptaflucrobutancl. The carboxylic and Phosphoric aciq
functicnal groups are derivatized to form the corresponding

" derivatives. The water reactg with the excess

the formation of the expected
ion, the excess TFa and
reagents - are evaporated, and the residuum is dissolved in
ethyl acetate. The extract is analyzed using capillary gas
chromatography (GC) with mass-selective detection (MsD). -

.ll



2.1.6

MATERIAL/METHODS .
The equipment and reagents described below were used to
generate the data and chromatOQrams presented in this report.
Equipment with equivalent performance specifications and
reagents of comparable purity can be used.

BDDEIEEBE_

Gas _chromatograph, Hewlett-Packard (HP) model 5880, or model
5890 Series II, designed for use with capillary columns,
split- splltless injection, and temperature programming of the

colum oven. The gas chromatograph is equipped with a
Hewlett-Packard model 7673 automatlc, high speed
sampler/injector.

Mass-gelective detector. Hewlett-Packard model 5970A mass-
selective detector with Pascal, Ms- -DOS, or UNIX ChemStation
software. The detector is manually tuned using
perfludrctrlbutylamlne as the calibration standard

Gas-chromatographic column. 30 m by 0.25 mm i.d., fused-
silica, capillary column bonded with a 0.25-ym film thickness

of cross-linked, 95% methyl - 5% phenyl silicone (Durabond

5.625, J&W SCIEntlfIC, #122-5631) .

Inlet liners. Double-restrictor, single-piece type (Restek
#20784) .

-

Enaed.szlz:a_nndl. Fused-silica wool for packing inlet liner
(Restek #20790; inserter tool, Restek #20114) .

Syringes. GC injection. 10-uL capacity (Hamilton 701N) for
HP 7673 autosampler. ' :

Syringes, sample hapdling. 10-, 25-, 100-; 250-, 1000-ulL

capacity Gas-Tight syringes (Ham;ltcn 1700 series) for
derivatized extract and standard handling.
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2.1.8 Syringe. crude extract handling. 3-mL plastic, disposable’

2.1.9

2.1.10

2.1.11 .

2.1.12

2.1.14

2.1.15

.‘2.;.16

2.1.17

2.1.18

.. -
-

syringe with Luer-Lok fittings (Becton/Dickenson #9585). ¢

Eppendorf automatic pipet. Eppendorf Variable Volume. pipet,
10-100 pL (Brinkman #2233351; Baxter #P5063-2)% Eppendorf
Variable Volume pipet, 100-1000 uL (Brinkman #22333607;
Baxter #P5063-3). : S

Filters. Disposable syringe filter units, 0.45-um pore size
with Luer hub. (Zetapor brang from Alltech #5-8072; or
Gelman Nylen Acrodisc from Baxter #F3057-473).

Glass pipets. 2-, 5-, and 10-mL disposable, graduated glass
pipets for general use. |

Glass bottles. 4- or 8-oz, wide-mouthed bottles équipped

with Poly-Seal caps. 4-oz narrow-mouthed bottle equipped
with Poly-Seal caps.

top vial (Sunbrokers #200-000) with standard crimp top
(Sunbrokers #200-100) and 250-uL limited volume insert
(Sunbrokers #200-228). '

Auto-sampler vials. Standard 2.0-mL (12 mm x 32 mm) crimp-

Derivatization vials. Standard 2.0-mL (12 mm x 32 mm) ‘screw-
top, autosampler vial (Sunbrokers #200-250) with phenolic

plastic, open-top cap (Wheaton #240506), and double-thickness
PTFE septum (Sunbrokers #200-338).
' \ !

Evaporation manifold. 12-unit evaporation manifold with
aluminum heating/cocling block, 13-mm tube size (Chemical
Research Supplies #201188). .

. . I R : .

Thermometex. -100 °C to +50 o¢ (Baxter #T2120-2).
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2.3
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2.3.1

2.3.2
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Ethyl acetate. High purity for pesticide residue analysis.

Ammgnium_hxdrnxideﬁ_cgn:en:rated. 58% ACS grade.

HvdrochTOric acid, concentrated.

Water. Deionized or distilleqd.

37% ACS grade. | <

2.2.3.3.4,4.4-Hentaf1uoro-1-butanol.

(Aldrich #H160-4)

Ixifluoroacetic anhvdride. (Janssen Chimica #14.781.37, frem

Spectrum Chemical.)

Citral. 3,7;dimethy1-2,s-octandienal, 95% (Aldrich

#C8,3007) .

Potassium phosphate. moncbasic. 99%, acs grade.

potassium phosphate/L).

Reference Materials

AMPA =nd PMG analytical reference Standards. Available from

2eneca’ Ag Products, 1200 Scuth 47th Street, Box Number 4023,
Richmond, CA 94804-0023; Attention: Manager, Environmental

Chemistry Section.

The PMG and AMPA were both 89% purity, and had reference
numbers ASW-838-C and ASW-1168-C, respectively.

Stock palibration and fortificats

on_solutions. Two stock PMG

solutions are pPrepared in water,
independently from a Separate wei
designated as a stock fortificati

Each solution is prepared
ghing of PMG. One is

on solution.
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ingredient/mL. Add 2 to 3 drops of concentrated hydrochloric
acid as a preservative biocide. Close the bottle with a

Poly-Seal cap, and mix the Contents thoroughly to dissolve
the analyte. Calculate the amount of water needed to produce

'a 1.0-mg/mL solution as follows:

(Wx P x D)
- C(ss)
Where :
C(ss) = concentration of the analyte in the final solution
(mg/mL) . :
= weight of primary Standard (mg)

W
P = purity of primary standarg (100% = 1.00)
D = density of solvent (g/mL)

A = weight of solvent {g)

PMG and AMPA maf not- dissolive readily in water. Visually
inspect the stock solutiecns carefully to ensure dissolution
of the analytes. '

Working fortificarion solutione. If both—PMG and AMPA are to
be determined, prepare working solutions by combining
aliquots of the PMG ang AMPA stock solutions, and diluting
the combined aliquots with water. por example, to prepare a
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- Ty N

4 4-oz narrow-mouthed bottlé._ Add 2 to 3 drops of

. concentrated HCL as g Preservative. Dilute with water to a

total weight of 50 q. Although dilution by weight is
described here, dilutiem by volume is not precluded. “The

concentration of each analyte in this sclution is calculated
as follows: . . -

. C(ss) = W(ss)

Clws) =
: W(ws)

Where

Cl{ws) = ?on7en§rat1an of analyte in the working standard
{ug

C(ss) = concentration of analyte in the stcck_sténdard
(ug/mL) - - _

W(ss) = weight of Stock solution added (qg)

W{ws) = final weight of working standard (stock soluticns

Plus diluent, g)

Serially dilute, by weight or volume, the above working

solution to obtain qther working fortification solutions as
needed. '

solutions by serially diluting the 100 ug/mL calibratien
solution describeq above.. To quantitate a_sample which has -
an analyte concentration of ¢.gs mg/kg, .and a final extract
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Appendix C). This intermediate calibration solution ﬁiii'be
further diluted to give one of the daily-use standards,
described in section 2]3.5... .

Dail&-uselcalibration standa;ds. The intermediate
calibration solutions deseribeg in 2.3.4 are further diluted
to produce daily-use calibration Standards. Prepare these .

concentration equivalent to exXtractives from 0.02 g of
soil/mL, a series of daily-use standards should be prepared
by diluting 0.50 and 5.9 Kg/mL intermediate standards to
daily-use standards with @ concentration ranging from 0.0125

to 0.125 pg/mL. For example, using an Eppendorf pipet,

-

Place a 20-g subsample of a well-mixed soil sample into an
8~0z wide-mouthed bottle. Add 80 m of ‘'extracting solution
(0.25 M ammonium hydroxide/0.10 monobasic potassium ‘
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3.2.1

3.2.2

RR 92-010B : Page 15

gently. Carefully loosen the cap to release any pressure.
Due to the potential for Pressure build-up, do not £i1l the
container to more than 75% of capacity. Thig derivatizing
reagent mixture should be Prepared fresh daily. The use of

latex gloves when Preparing and handling the reagent mixture
is strongly recommended.

topped autosampler vials. Cap the vials using phenolic-
Plastic, open-top caps with g double-thickness, PTFE septa.
Chill the capped vials by placing them in an aluminum
heating/cooling block ang Placing the block on a slab of dry
ice, or in a pan centaining crushed dry ice. ool the vials
to a temperature of -50 to -7p °C, as measured by a |
thermometer placed in the aluminum block. Prepare enough
vials to derivatize each Standard and sample extract in
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them to equilibrate to room temperature. Proceed with the. ,
derivatization reaction by Placing the vials for cne hour in -

a heating block maintained at 92 o 97 o°C.

an additional 30 to 40 mimures. ' Residual derivatization
reagents or trifluoroacetic acid can degrade the
chrcmatog:aphy of the analytes.

ethyl acetate may be increaseq if (1) allowed by the
sensitivity of the detector; (2) the limjit of quantitation

detailed in section 3.1 above. It ig recommended that cne
unfortified and 2 fortjifjeg control samples be analyzed with
each set of 10 field Samples. One of the two fortified

control samples should be fortified at the method's limit of

quantitation (L0Q, 0.05 ppm) . Additicnal higher
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residue levels.
INSTRUMENTATION

Follow the manufacturer's instructions for operaticn of the
gas chromatograph and mass-selective detector The .
conditions listed below were used to generate the data and
chromatograms presented in this report.’

Qp:xa:ing_B;:;manexa:anl;na
Gas chromatosragh.

Model: N | geylett—Packard 5880 (or 5890 Series
I
Colummn: J&W DB-5. 625, 30 meter, 0.25 mm i.d.,
: 0.25-um fllm-thlckness
Carrier: Helium, 7.5 lb/sqg. in. at column head
Linear VEIOQity: 30 cm/sec, measured at 180 °C
Inlet Type: Splitless with single piece, double-
restrictor liner, Packed with fused

8ilica wool (see sectlan 11 5.2).

Inlet Temperature: . 200 oC

MSD Interface Temp.: 270 op¢

‘Initial Ove.n Temp. : 80 eC
‘initial Time: 1.5 min
Program Rate: - 30 °C/min
Final Oven Temp. : 260 oC
Final Time: ' 3 min
! i.l . 3. ‘-'-'
Volume Injected: 5 nL

Split Valve Off: . 31 g min
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4.2.1°
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trjection Solvent: . ethyl acetare (2.0 uL citral/mlL addeq)
Total Run Time: 10.5 min : .

Mass-selective detector.

Model : - Hewlett-Packérd_SS?OA:,‘
Software: : ~ Pascal or ynry ChemStation <.
Mode : ' “- -lcw.resglutiqn,'seléctive ion
' o . mqnltorlng_(SIM),
- Tuning: L manval tuned for m/z 414, 502 and 614
' o using p_erfluorotributylamine
Mass Monitored: - AMPA - /s 446 for AMPA derivative.
\ A - PMG - m/z 511 for pMG derivative
Dwell: . © 135 msec - .

Mass-Selective Detector . Man'na] 'mm'ng

- - To increage the sensitivity of the
detector use an alternative to the normal "AutoTuner
Sequence. Using perfluorotribut:ylamine (PFTBA) as the
calibration Standard, select the tuning masses m/z 414, 502
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can be increased by a factor of 8 (gee Appendix A, Figqure
A.5) over the AutoTune pmcgéure. The effect on the Ampa
derivative is less dramatic. The parrowing of the scan range
causes an increase in Tespanse to larger fragments at the
expense of the smaller fragments. an increase in response -is
also a direct result of tpe increase in mass bandwidth..

This increase in response ig a Ccontinuation of the effect
that takes place when the "Low-Masg Resolution" option is

bandwidth obtained in thig tuning procedure allows for both
ions to be detecteq Simultanecusly., '

weekly basis, or when analyte signal -to-noise ratio is

reduced. In the cage of Pocr abundances or POOr mass
assignments, the manual-tune Procedure should be repeated.
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Calibrate the gas chromatograph by using the daily-use .
calibration Standards bPrepared in section 2.3.5 and - .
derivatized in sectiom 3.2, por a sample set where soil
extracts. are equivalent to extractives from 0.020 g of
soil/mL, and where the controlg have been fortified at 0.05
and 0.50 mg/kg, daily-use calibration standards atr 1.0, 2.5,

'and -10.0 ng/ml are Suggested. Prepare a]l standards and

samples inAdupiicate. Make single injections from each
prepared vial. - . : S '

1. Replicate injections (3 - 5) of the extract of a
~ fortified contro] Sample in order to equilibrate the
column. _ _ _
2. Replicate low-leve] Standards to'assure constant
| _ respanse, L :
3. Ethyl acetate blamk. 5 . |
4. thntfol (injection of both conﬁrols not required),
5  Low-level standard. S
5. Low-level fortified contyre) sample extracts.
7. - Low-level standaxrd. C '
8.  High-level standard. o
9. High-level fortifieg control sample extracts.
10.’ High-level standard, S
11, Low-level, standard._“u‘ o :~
12. _ Sample extracts. ° | '

13, Low-level standard.’
14.  High-level standard,



Standards should be injected after analysis of every 3
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-

o 5

samples (step 12). Quantitation jig based on the response of

injections of a known amount of analyte (calibraticn
solution). To use the calculations shown below, the

F =
Where
.F -
C =
R -

response factor
ccncentraticn_of'calibratien solutian; pg/ml

average response units‘(e.g., .height, peak'a;ea)

7 _ S eak
f:cm‘detector for calibration solution
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i.e., the amount of soil the extract Tepresents, as follows:

W (sample) v (éiiquct)
X
-V (solvent) V. (£final)

Where '
o | C;:é : cdncentrétion of soil (g/mﬁ) |

W (saﬁple)  =r.'weight of soil extracted (g).'

LV (solveﬁt} -=,‘_volume of'extracting solvent used kmL)

V (aliquot) = volume of extract aliquot'sub;ected to
: - derivatizatiep (section 3.2.3? .
V (final) = £inal volume used to dissolve residual
| material (sectiop 3.2.4)

'FXR
A = :
‘ .
Where . . )
A= ccn$Entrat1cn of analyte in originalﬁsample (ug/g or
Ppm ' : . : C
- F =  response factor, {(#g/mL)} /response unit. (section 5.1.1)
R = average sample respense uhit from detector for sample
C = concentration of s0il in final extract, g/mL (section
5.1. '

7
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Calculation of sxtract conr-entrat_im_ Second-order.
Polynomial Curve fit: y - AX?* + BX + C, or
power curve fit. Y = gy

Where
Y
X

A, B, C, 'M =. constants

Concentration of analyte in extract
detector response ,

Calculation of analyte in Sample. Calculate the analyte
concentration, R, in the original sample ag follows:

A (ug/g or PPM) = Y /¢
Where

Y = calculated extract Concentration from the curve fit
equation (ug/mr) _ '

C = ?o}'.iL )concentration in eXtract, from Section 5.1.2
g .

include, but are not limited to, the derivatizatien

analytes. In order to determine the magnitude of these




6.2

- extracts, controls, or fortifieq controls.

analyte concentration ='0.01 Hg/mL) .

Fortified-control ExXtracts

A fortified-control extract (rcE) ca# be prepared to

determine the effect of the matrix on the chromatographic
behavior of the analytes. 1n this case, 3 derivatizegd

derivatizegd Teagent blank extract. The FCE is usually

Prepared and analyzed when differences are noted in the

chromatographic behavior of analytes in standards versus
sample extracts. Examples of the such behavior are shifts in

- Tretention time, changes in Peak shape (broadening or
tailing), or differing responses,

When small differences exist in peak shape that can be

attributed to a matrix effect, calculation using peak areas
may be appropriate. ‘

Since it is not
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Second reagent blank consls;é of an aliquot of the e.xi:raction
sclution addeg to the Treagent Mmixture, Comparison of the ;

results from two Teagent blankg M3y help locate the source of
the interference. Refer alse to Section 11.5.4 for a

AMPA Derivative MG Derivative
Ion (m/z) Abundancew Ton (m/z) Abundance
126 99 213 00
247 19 338 . 31
372 . 5y | 584 .- 25
“s 100 611 | 34
502 32 612 37

In general, begt results aye obtaineqd using the higher magg
fragment, due to the improvedsignal-'tb-noise ratio. When '
USing a manual tyme Program, yge care to SOrrectly identify -
alterna‘_!:e ions. The manal tume DParameters may shift jon

masseg slightiy, See_ Appendiy A for 5 description of massg
calibraticn Procedurag. . '

')
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This.method‘is Sﬁitab o S Co .
le for' the de . - : .
: termination of AMPA amy .
=L and PMG -

] ' . -u' 1 a UaI‘ iety Qf. soil )
- tYpes. Howe due
: - - ’ VEI', me to :
-0 the nature of . -

analysis of fortifg
given in Table T o9 samples. . e Coefficients of PR
. _ | ‘ are a Measure of Precision variation
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concentration has been estéblished as a response largétéﬁbugh

 that a 25% change can be distinguished. Also required is ‘a
‘Signal-to-noise ratio of gt least 10. The detectiem limit .

for a specific soil is cbtained by dividing the minimim
detectable concentration by the Soil concentration in the -
extract. . . - - S - o ’

4

| concentration at which a method has been verified, It may

differ from the detection limit. . pye to the variability in :.-

.instrumgntal performance this value may vary and exhibit some

EY

- The absence of ch:cmatogrﬁphic matrix éffeéts'was verified by
- the analysis of fortified control extracts, as described in

o section 5.2. Results are listed in Table IT. Sample .
chromatograms are included in Figures 1 ‘through 3,0
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This method determines theirésidneé;cf'hMPA'and EMG in soil

on an as-received basis. 1f it is desired to express the
values on a dIY‘Wﬁight‘baSiS.acompensaticﬁ is necessary for -
water present in the sample. .. -. . . . . :

The extraction §ffi¢iency for both analytes ﬁsing the
solvents given in this method was tested by analyzing
fortified soils. The results - are listed in Table 1. -

“+

. o o
.- N o :
. ¥
83ﬁsnx_Erasantlana . “
. . ‘

pProcedure. Information on any specific chemical regarding
physical properties, hazards; toxicity, and first-aid |
procedures can be found on the Material Safety Data Sheet . .
accompanylng the chemical, available from the supplier, or .
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anhydride are flammable. .-

9.10.2°
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- Ry FY

from the GLP archi%é;”'ln éenéral;always wear safeﬁy glasses

with side shields, work in a weil ventilated area, avoid

inhaling vapors, and avoid contact of the chemicals with skin .
and clothing. Flammab1e=sol§ents should always be kept away .

from potential sources of igniticn. Latex gloves are =
strongly recommended when handling triflucracetic anhydride.

Elammabla_ﬁnlxﬁnha. Ethyl acetate and trifluoroacetié .

Bressure buildup. Mixing trifluoracetie anhydride and -

heptafluorchbutancl can generate heat and pressure in a closed

- container. When combining these reagents use care in mixing

and venting of the container. Trifluorcacetic anhydride.also

. reacts violently with water.

9.10.3

mixture has been linked to an allefgic reaction in some ..

personmel. The response consists of an initial itching
followed by ‘a skin rash. The post-derivative evaporatien

-+ with the derivatizing'agents.

10

The metheod is Spebific for thé.analysis of‘AMEA‘and PMG
residues in soil: omly commercially available laboratory
equipment ‘and reagents are required. The analysis can be

homogeniZEd-Sample is available. When possiﬁle, untreated..

" and fortified samples should be extracted and analyzed with |
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This method may be exﬁeﬁééd5ﬁ0=othe:.soil'ﬁypes if a'préﬁff |
validation is conducted. Validation should include analysis
of control and fortified Samples to ensure the absence of

interferences and—adequaterpcovery."Samples.should‘be\'

. fortified at the LOQ and 10 times the LoOQ. .The absence of

11.1

aaequate recovery of PMG and AMPA for many soil types. Some

'80ils may reqﬁire a Stronger solivent. "Strcng.solute‘bihding

may be related to high clay content of the soil. Increasing

‘the molarity of the ammonium hydroxide may - increase recovery.

Increasing the concentration of the phosphate ion is less

- effective. However, a minimum of 0.05 M phosphate-ia'k“:
required when using ammonium hydroxide-based solutions. - an

ammonium hydroxide solution without addeg phosphate ion = -
provides little or no recovery of pMg. . Phosphate ion appears
to compete with the phosphonic acig moiety of the analytes -
for the binding sites within the soil. However, to improve |

of phosphate may produce insoluble residues upen evaporation .

of the derivatizing reagents. This material may be removed

by filtration or centrifugation, .

D !. I L4 : E : :' : n(
. . ‘The standard
practice for acetylation and/or esterification using

triflucrcacetic’ anhydride gng heptafluorcbutancl is to = -

évaporate agqueous samples to dryness and then dissolve-the-
-residuum in the derivatizing reagents. However, contact of
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ey .

i:emperai:ure can cause a violent, excthermic reaction.
Additien to a premixed solution of the heptafluecrchbutyl
alcohol and trifluocroacetic anhydride reduces some of the
danger. Additien to a chilleg mixed reagent further reduces

and reagent. Good mixing ig essential .for uniform heat
dissipation and analyte derivatiza.ticn. '

PMG and AMPA onto the glass surface. The effect on sample
analysis is especially Pronounced with dilute solutions

as described in sectien 3.2.3, eliminates the possibility of



11.2.3

11.3

11.4

11.4.1
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daily-use standards. For this reason the preparaticn-6£

. standards using dilutions by weight, rather than volume is

The combination of the
corrosive nature of the derivatizing reagent and the high

special attention be taken in the selection and use of the
derivatization vial. Single-layer, PTFE-lined septa have
been known to deteriorate ang leak. Double-thickness PTFE

are softer and have become loose during derivatizatiam. Caps
with punctured septa should not be used. Solid-top caps with
PTFE liners may be used, but are not as cost effective as

the vial/cap system described hers. ' '

AMPA and PMG are stable in ethyl acetate. Care should be
taken to avoid evaporation of solvent. Although derivatized
extracts can be stored indefinitely, they should only be
quantitated with standards pPrepared in the same analytical
set. Ethyl aceﬁate/citral soluticns should be given an
expiration date of ecne momth. '

v : . i | s

Matrix modification - citral addition. eitral (3,7-dimethyl-
2,6~octadienal) is added to the injection .solvent at a o
concentration of 2.0 ML/mL Of ethyl acetate. The addition of
citridl helps decrease losses due to analyte adsorption and
increase peak Symmetry. Because citral is a labile compound -




11.4.2

]

Oil .
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susceptible to ;ir.o;idatidh}.only frééh'méterial shoulé'ﬁe o
used. - . o - : o

Non30i1 mafrix con§ide;ati0n§_ CQnSideratiqns éi:hidébé
given to the compenents of the fipa1 extract other than these

contributed by the S0il matrix. The amounts of water,

; wi;h;n the calibration range. Retentiom time to
. height/area ratios should be menitored to ensure
consistency with Standards. = - C
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. ] E : - | . ; I
This method relies an high sensitivity (i.e., low minimm
detectability) and Sselectivity to offset the limitations

imposed by the method's direct derivatization of small )
aliquots of aguecus soil eXtracts. Inherent to this method

broadening or splipting. Diluting the extracts with the
ethyl acetate/citral soluticn, or reducing the inj ection
volume is sometimes helpful. 1f analyte detectability

- .allows, use an injectien volume less than 5 uL.

Inlet Jiner. a single-piece, double-restrictor inlet liner

is used (Restek #20784). This liner hag the advantage of an
increased internal volume, when compared to two-piece types.
The greater volume allows for retention of more o
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5

lr'

‘temperature at which the solvent is allowed to recondense
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requires special ‘considerations be given the oven-tenperat;pre
profile and injectien solvent. 1In general, the initial oven

.
-,

within the retention gap shoulg be at least 100 oC less than
the analyte elution temperature. At an initial temperature
between 60 and 85 °C, the analytes are trapped at the head

refocusing is not fully understood. Since solute band
refocusing can be achieved using initial temperatures both

Initial Temp. : 60 °C

Initial Time: 1.5 min .
1st Rate: 70 °C/min (or ballistic) to 90 °C
Hold Time: 2.0 min at gg o¢ [

2nd Rate: 30 °C/min to 28p oc o

Hold Time: 3.0 min



11.5.4

11.5.5

|
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adsorptive compounds. However, lower injecticnm port
temperatures may Produce “ghogt beaks" in subsequent
injecticns. iIn general, select the'lowest.temperature at

The carrier gag head pressure was 15 psi. The inlet
temperaturelwas 230 °C. The initial oven temperature



%

-
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" of 85 °C was held for-3'minutes. The final cveﬁ'-
temperature wag 28p ° was held for 3 minutes.

2. . The pPre-chilling of the derivatization'reagenté was
conducted 3t a temperature of < -10 °C.

By changing these parameterg to those given in the methed,
the method is made more Tugged. The method as Presented in
this report has been used ip other GLp studies. as an
example, the procedural Tecoveries obtained during the
analysis of samples from Study GLYP-91-SD-02 (report RR 92-
074B) are given in Appendlx D. ' ' ~

IABLES AND PIGURES
Table I.  Recovery of pMg ang AMPA from Soil
Table II. Recovery of pmg and AMPA from Fortified Control

Extracts (Determins tion of Chromat aphic
Matrix Effect) cgrep

Table III. Method Compariscn: GC-MSD versus HPLC‘
Table IV. Soil Characteristics

Figure 1.  Sample chromatograms - gejj fortified at 0.05
, mg/kg (masses Monitored: 445.5 and 611.35 m/z)

. Figure 2. Sample chromatograms - soil fortified at 0.ps
mg (masses monitored: 372 ang 611.25 m/z)

Figure 3. Sar/rﬁe ch.mmatograms - 8oil fortified at 0.05
i mg (masses monitored: 502 ang 584 m/z)

Figure 4. Sample chromatograms - SOll treated at 8 1b aj

glyphosate-trimesimn' acre (masses monitored:
502 and 584 m/z) ‘

Figure 5. Calibration Curves for pmg ahd AMPA derivatives
based i -2~ 1.0-, 5.0-, 10.0-,
: and 20.0-ng analyte/mr solution
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Table I. Recovery of PMG and AMPA £rom Soil

Amount Added, Amount Amount

' Each Analyte FMG Found AMPA Found
Trial No, Sample No, Img/kgl . 13 R £ R
99-Ch-92-4017 H4017-04 ~ 0.05 T a1 92
: H4017-05 . 0.05 100 9¢
H4017-06 0.05 ‘ 94 97
H4017-07 0.50 , 98 . 107
H4017-08 _ 0.50 100 105
H4017-09 0.50 86 95
Average 985 98
‘ | cv 5.9 ' §.3

‘Table II. Recovery of PMG and ampa from Fortified Control Extracts
(Determination of Chromatographic Matrix Effect)

~

Amount
: | Added, Each Amount PMG Amount AMPA
.. Analvte Found Found
Irjial No. $amnl=_un* 'lnglﬁgl 131 - 1%l
99-CA-92-4017  H4017-10 ' 0.05 98 28
: ' H4017-11 0.05 103 96

———-—-—.—

Average 101 97



Table III.
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.y .

Method Compériscn: GC-MSD versus HPLC
Amount pMma [mg/kg] Amount AMPA fmg/kgl
, R ' . B

Sample No. HELC GC-Msp Difference -Hprc GC-MSD Difference
D147-61 1.2 1.21 0._8 0.50 0.54 8.0
D147-61D 1.4 l.26 ~10.0 0.59 0.60 1.7
D147-73 0.76 0.65 -14.5 0.80 0.82 2.5
D147-7D 0.80 0.68 -15.0 0.80 0.89 11.2
Average -9.7 5.8
Table IV. Soil Characteristics

Textural Class: | sandy loam
Soil'Origin; ' . - Othello, wa
Soil Depth: . 4 - 7 inches
Organic Matter: , 0.6%

Cation Exchanga: | 7.8 n'.Leq/lOD g
PH: < 8.0

Sand: : | 663

sile: . 20

Clay: - 6%
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| Figure 1. Sample chrcmatograms--'soil fortified . - e
- (masses monitored: 445.5 and 611.25 m/a) o O Wg/kg .

o TiC of OLYPLO401015.d . TIC of GLYPL1501C14.d .
mm * “m .
12000 - ' 12000 - l
10006 - ‘ 10000 _ .
| | ) .
. BO0O 4 . 8000 ‘
8000 _ ' 8000:
1 . ' ’
4000 - 4000

2000 4 2000 -

_1—_}-/\-’ . :
0 ' ‘ 1
T T LI L] J T R 0 T T T T v 1 L
68 70 7.2 74 76 28 8.0 8.2 68 7.0 72 74 78 7.8 8.0 8.2
Time (min.) - Time (min.)
AMPA/PMG STANDARD = 1.0 ng/mi SOIL, FORTIFIED - 0.05 ug/g
Rt: AMPA-7,30, PMG-7.83 min. H4017-05 . 0.02 g/mtL
TIC of GLYPLO701003.d TR RITITIT
Abundance Abundance '
12000 - S 12000 -
10000 4 10000 4
8000 4 . 8900 .
¥ < . ) 4
60004 |, N 6000 4
4000 - 3000 -
zgoo - l l ' 2000 4
4M I
0 ] T T 1 4 4 L 0 T T T T : T T s
88 70 72 74 786 78 8.0 8.2 68 70 72 74. 756 78 8.0 8.2 .
- Timoe (min.) - Time™ (min.) . )
SOIL, CONTROL-.. FORTIFLED CONTROL EXTRACT-0.05 ug/g
H4017-02" 0.02 g/mL . : Ha017-11 0.02 g/mL

Notat ~AMPA monitored at 445.5 m/z, PMG monitored at 611,25 m/z.
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Sample chromatograms - goji) fortified at 0.05 mg/kg ‘-

Note; AMPA monitored st 372 m/z,

-, ™

' 'Figure 2. . _
o (masses monitored: 372.ang 611.25 m/z)
TIC of GLYPJOAD 10164 . TIC of GLYPJ1601016.d
Abundance Mmmumn
8000 - 8000 - l
7006}: 7000
6000 - l 6000 - '
5000 - 5000
4000 - 4000 4
3000 - 3000
2000 - 2000 -
1000 - 1000 -
0 1 T T T T ] LI | 0 T T . T L) T 1 1
68 70 72 74 76 78 8.0 82 68 70 72 74 76 78 80 8.2
_ Time (min.) Time (min.)
AMPA/PMG STANDARD - 1.0 ng/mL SOIL, FORTIFIED - 0.0%5 ug/g
Rt: AMPA-7.,27, PMG-7.77 min, H4017-08¢ 0.02 g/mL
TiC of GL‘{PJO?D 10084 TIC of GLYPJOBD10056.d
Abundance Abundance
8000 BOOO -
7000 - 7000 - l
6000 - 6000 -]
50p0 - 5000 4
4000 - - 4000 4
3000 - l 3000
1000 4 . 1000
i ]
o T T T T T T i | 0 ) T T ) T T o I
68 280 72 74 76 78 8.0 8.2 68 70 722 74 728 78 80 8.2
_ Time (min.) . Time {min.) E
sSOlIL, CONTROLH, FORTIFIED CONTROL'EXTRACT-O.DS ug/g
H4017-03 0.02 g/mL H4017-19 0.02 g/mL

PMG monitored at 611,25 m/z.
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‘ Figuré 3. Samble chromatograms -»soil'forti i t 0.05 kg "
‘ (masses monitored: 502 and saq m/§§8d a mg/kg

TIC of GLYPM4101009.d . o] &M!Bﬂiﬂﬂ?a -

0 T ! LI ¥ L T Y T T T | Znanamas |
68 70 72 74 78 78 8.0 8.2 68 70 72 74 78 78 80 s.2
mﬁ (Ml) - rm (I‘I'I*ﬂ-)
AMPA/PMG STANDARD - 1.0 ng/mL SOIL, FORTIFIED - 0.0S ug/g
Rt: AMPA-7.30, PMG-7.83 min. D147-94 0.02 g/mL
TIC of GLYPM4501005.d TIC of GLYPM4701002.4
Abundance Abundance
10000 4 - . o 18000 -
8000 4 _ - 9000 <
8000 4 : soogd . ' l
7000 - ' .| 7000
cooo 4 I S 6000 A
sa004 | : : 5eg0 4
4000 - ' 4000 -
3000 4 ' l - | 3900
2000 4 ' l - 2000 -
1000 4 ‘ 1000 -
; [¢] T T T T T LA | 0 T S ¢ T T i 4 i
68 70 72 74 78 78 80 ez 88 70 722 7.4- 78 7.8 8.0 s8.2].
Tima (min.) . ) Time (min.)
SOIL, CONTROL FORTIFIED CONTROL EXTRACT-0.05 ug/q
D147-94 0.02 g/mL D147-94 0.02 g/mL '

AMPA~monitored at 502 m/2, PMG monitored at 584 m/z,
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'Figure 4. Sample chromatograms - gojij treated at 8 1b ai
glyphtjisate trimesium / acre (masses mom.tored 502 and

584 m/z)
TEC of GLYPM500101 1.4 — TIC of GLYPMBZ01013.0
Abundance l . Abundancs
90000 - 20000 - ; '
80000 y : 8scooo b E o ‘ s
70000 l 70000 4 |
6onood - ' 60000 -
£0000 4 50000 .|
40000 4 ' 40000 4
aseao - ' . | 30000 4
200009 ' 20000 4
10000 100004
Y T T m T T ¥ W‘
68 70 7.2 74 75 78 80 g2 68 70 722 74 78 78 80 8.2
Tima (min.) T Time (min.)
AMPA/PMG STANDARD - 20 ug/mL SOIL, FORTIFIED - 1.0 ug/g
Rt. AMPA=-7.33, PMG-7.85 min. D147-94 0.02 g/mL
TIC of GLYPM4501005.d ' ' TIC of GLYPMS401016.d
Abundance Abundance
90000 - 90000 - .
80000 . 80000 ‘ _ l
700004 ‘ _ 70000 -
o - k ]
60000 o §0000 4 ’
4 . ~ 9
sogood _ : 50000 4
40000 - _ . o 30000 -
30000 S . | 300004
20000 - ' 20000 -
10000 ' l : 10000 .
1
oj 0: T T T i
68 70 72 74 78 78 8.0 a2 69 70 72 74 78 78 80 82
.. TYime (min.) " Time (min.)
SOIL, CONTROL . SOIL, TREATED - 8 1o A.1. /acre
0147 -94 0.02 9/m'- | D147-61 0.02 g/mi

AHPA monitored at 502 MIS. PMG mon1torod at 584 m/z,
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c_:al_ibggtimz -gu;avgs fcl.ir PMG and AMPA derivativés_ baséd on
injections o +2~, 1.0-, 5,0-, 10.0-, and 20.0-
analyte/mlL solution ‘ ’ ) , ng.

N
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. . l | | | | | ‘ | ) .

All of the raw data, the protocol, ang final report are
located in the GLP Archive at the Western Research Center of

Zeneca Ag Products, 1200 South 47th Street, Box 4023,
Richmond, California 94804-0023.
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Appendix A. Mass-selective detector ma.nual tune
Procedures

BT
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PMU, provides 3 fragments (m/z 372, 446, and 502) that are
suitable for. quantitation Purposes inlthe.selective-icn_ _
monitbring (SIM) mode. of the three, m/z 446 provides the
best signal-to-noise (S/N) ratio. - T -

at m/z 584, 611 and 612 are best for quantitation. Using the

- manual tune procedure described below, both the m/z 611 and

€12 fragments. can be detected simultanecusly in the SIM mode.

minor increagses in chromatographjc interferences. However, -
the manual tune procedure will provide a 2- to 4-fold increase .
i# the minimum detectable amount of AMPA, and a 4- to 8-fold

 PROCEDURES (Unix ChemStation)

A. Manual Tune Procedure . -

1. Run an "AutoTune tuning procedure using the standard
acquisition parameters (see Table A.1). ' .

2. Enter the MANUAL TUNE screen =~ -~
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parameters under a ney file name. Obtain

€. Under the "Change Parameteygn menu item, turn on

the Msp, and slowly reduce the amy gain to
between 65 ang 75. Observe the increase in the
pPeak width of the calibratien ions. Decrease amy
gain until a peak width of 2.4 to 3.0 aMU is

~obtained. amy offset may alsc have to be
adjusted. Increase the Multiplier voltage to
obtain an abundance of 2,000,000 for the m/z 414
ion. Obtain spectrum scan. .

resclution. - Compare scans cbtained in b.and ¢, above
Lo those in Figures a.3. Note any shift in the m/2z
assignments when compared to the AutcTune scan
cbtained in a, above. Aaigp note the absence of
isotopes m/z 515, 503 ang 615. This is normal due to
the decrease in resolution _

is selected. Under manual - tune Parameters, however, the
maximum response may be found by selecﬁing m/z 445.0 or
445.5 when in the SIM moge. : .



R
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There are two cases when the actual masses should be
calibrated. The first, described above, is when mascimum
response 'is needed. - The second, is when alternate ions
are monitored for residug.confirmation,_or when quéstioned
peaks must be differentiated from interferences.

1. Modify the normal SIM-mode method to monitor 6 to 8
 ions at 0.5 AMU intervals for the fragment in
question. For example, if calibrating the m/z 611
fragment of PMG, select m/z 609.5, 610.0, 610.5,
611.0, 611.5, 612.0, 612.5 ang 613.0. Change the
dwell time for each ion to 40 msec.’ Calibrate.cne
PMG and one ampa fragment ion per run

2. Make an injection using the tune £ile resulting from
the AutoTune procedure, above. Make another

injection using the manual tupe file resulting from
the manual tune, above. -

Figure A.3 shows the expected results from this procedure.
The AutoTune spectrum shows narrower bandwidths for both
m/z 446 and 611. The abundance maximum for m/z 446 has

the case of the manual tune, m/z 611.0 or 611.5 would
give equal results in the SIM mode. | |

prepared and analyzed in the SCAN mode. First with the
AutoTune parameters, then analyzeq again using the manual
tune parameters. Fragment mass assignments can then be
made by comparing the two Spectra. See Figure A.4.
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. III. RESULTS AND DISCUSSION -

above. The results shown here were obtained after the
replacement of the MSD source. Over time, the respense
obtained with either the manual tune or the AutoTune procedire
will degrade. The rate of degradation will depend on the
number of injections, the amount of coextractives in the
extracts, and the integrity of the vacuum system. The
sensitivity of the detector ig due primarily to the conditicn
of the source unit. However, the response of. the analytes
sﬁould not be the sole Parameter used to judge the condition
of the source, as chrcmatographic parameters may also play a
Tole. As a result, spectrum scans should be obtained on a

- regular basis using the current manual tune file with PFTRA.
When the 502 m/z abundance drops below 500,000, the operator
should consider source replacement. The manual tune procedure
and mass calibration described abgyve should be performed after
source replacement. Performing. the manual tune and mass -
calibration is not usually required opn a regular basis.

using a single ion in the SIM mode. Performing this procedure ¢

main goal of the "AutoTune® Procedure), additional procedures
can be conducted. First, the instrument is tuned using the
....= "AutoTune" procedure to Correctly calibrate the ions resulting
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from the calibraticn Compound, PFTBA. Second, épectnn;l s‘cans-
- are obtained after the AutoTune Procedure, the manual tune
Procedure, and the amy gain adjustment to ensure that n6 .
significant m/z. shifts have Q§MEd. Third, m/z assignments
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Figure A.1l Mass spectra of PMG and ampp deriiratives - mass-seieétive
T detector (positive electron impact mode) |
: . 3c4n 99 (6.105 min) of TG 9201015
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Figure A.2 Manual tune procedure
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Figure A.3 SIM mode mass calibratien

a) Calibration scan using manual tune parameters.
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Figwre A.4 SCAN mode mass calibration

a)
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'Figure' A.5 Chromatographic signal-io-noise comparison - .
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Table A.1 Comparison of'AutoTuﬁé‘and Manual Tune Parameters )

E. .ilc E !

Tuning Masses (m/z) #1

#2
_ #3
Range (m/z)
Samples
Threshold
Averages

lk#uLihuzu:;xmaunleuanE:e:a
Multiplier Voltage

Entrance Lens

Eepeller

Ion Focusg

X~Ray

AMU Gain

AMU Offseﬁ

Mass Gain

MaEF Offset

-

Highlighted parameters require

AutoTune
69

215

502

10 to 800
4 (2"N)
500

1800
46
10.2
0.0
56.0

126 .

58

le

Manual adjustment ,

* Minor adjustment neegeg in some Caseg.

Manual Tupe
414

502

6l4

300 to 550'
4 (2*N)

500

2400

54"
9.36
5.6

61.6

73
61 *
4 *
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Appendix B. Analyte derivatization:

Structure and magss
spectral data
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ion for all the chrcmatographlcally
active, functional groups foung in PMG and AMPA. The carboxylic and

phosphoric acid functional groups are derivatized to form the’ _
corresponding heptaflucrcbutyl esters. The amine functicnal groups
are derivatized to form the correspcndlng-trifluoroacetyl

derivatives. Figure B.1 shows the Structures of PMG and AMPA and the
proposed structures of the PMG ang AMPA derivatives.

detector, the presence of the molecular ien was confirmed on an
alternative mass spectrcmeter Figure B.2 shouws the full mass

t) of the PMg and AMPA derivatives.
the 611 and 612 m/z ions obtained’ from

. also shows the Proposed fragmentation
and m/z assignments of the two derivatives,

]
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Figure B.1

- Derivatization of pMg and AMPA o
0
y
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Chemical .name of AMPA derivative:

(Trifluorocacetylamino)

methylphosphoni id i )
heptafluorcbutyl] ester PHoSp ¢ acid, bls[?-2r3.3.4,4.4
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Fig'ure B.2 Mass spectra ‘POSlt:Lve el ot
| AMPA derlvatlve ectron lmpact) of PMG and
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Appendix C. Sample calculationg
' Recommended fortification procedures

Recommended dllutlons of calibration
solutions

Critical elements
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EXAMPLE OF CALCULATIONS USED IN THE PREPARATION AND ANALYSIS OF A
SOIL SAMPLE CONTAINING 0.05 Hg/g OF PMG AND AMPA
234 . Dilwte stock solution (containing PMG and 025 g
AMPA at 100 pg/mL) to an intermediate 100 pp/mi. ¢ — = 0.50 pg/mL-"
standard with a cencentration of 0.50 pg/mL., Sog _
235  Dilute intermedize standard (©.50 pg/mL) 10 0.100 mL,
daily-use standard at 0,0]25 Hg/mL, using the v 050 pg/mi, = 0.0125 pg/mL
extracting solution as the dijuent, . 4.0 mL
323  Derivatize the daily-use ‘standard by adding _ 0.020 mL _
© 20 pL standard to 1.0 mL derivatization 0.0125 pg/mi. 4 - = 0.00! pg/mL
solution. After evaporation, dilute to 3 0.250 mL
final volume of 250 uL. ‘
Result: An injection standard at a concentration of 0,001 ug/ml.
Calculation of Tepresentative soil concentration
SAMPLE PREPARATION A in final exwract; ‘
3.L1  Exmact 20 8 soil (with an analyze concentration 20g
of 0.05 pg/g) with 80 ml extraction solution, —_— = 025gmL
80 mL
323  Derivatize ﬂzcuudcexuactbyaddingzunL 0.020 mL
extract 1o 1.0 mL detivatizing solution. - 025 g/ml. — = 0.02 g/mL
After evaporation, dilute to a fina} volume 0.250 mL
“ of2sppL - |
CALCULATION CHECK
Calculation of analyte concentration in final extract 20 0.020 mL
(eompareresulttostandardcuneenumonm 005 uprg x° __ . x = 0.001 pp/mL
32.3 above): 80 mL 0.250 mL.




Response Factor Calculation:

Aﬁalyze Concentration:

Fortified Sampie:

Control:

Percent Recovery:

Conmrol fortification level:

005 pg/g
Soil concentration in extract: 002 gmL
Standard <oncentration: 0.001 pg/ml
Average standard response: 5000 - units
Average sample response 4500  units
Average contro} response; 500 units
0.001 pg/mL
Response Facter = —— 2.0E -7 pg/mLAumit
5000 units :
2.0E -7 pg/ml/unit x 4500 units
Concentration = : =

0.02 g/mL

2.0E-7 pg/mL/unit x 500 units

%Recow =

0.02 g/mL

(0.045 ng/g - 0.005 pgrg)
0.05 pg/g

x 100

0.045 pg/p

0.005 pg/g

= 80%



. Fortification
Fortification Solution
Level Concentration
Mafrix (mg/kg)
Soil 0.05 10
- 0.50 100

Sample

Weight

20
20

RECOMMENDED DITUTIONS oF CALTIBRATION SOLUTTONS

Fortifi- Final Soil Inter-
cation Concen- medijate
_ Levels tration Standards -
Matix' - (mpike) (ug/mi)
Soil 0.05, 0.50 0.02 0.50
0.50
5.0

Dilution

(i)
0.10/4.0

0.25/4.0
0.10/4.0

Daily-Use
Standard
(ug/ml)
0.0125
0.03125

0.125
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Fortification

Volume

100
100

Dilution
{ml)
0.020/0.25

- 0.020/0.25
0.020/0.25

i

‘Derivatized

Standard,

i.0

100
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being of critical importance to the éuccess ©f the methed. Report .
sections are referenced in Parentheses. : :

1. Douvble-restrictor injet liner (2.1.4). The use of sj le- -
restrictor liners has resulted in chromatographic f£ail, -

- ' . '
2. ZIFE _double-thickness Septa (2.1 14y Standarg single-thiclq'less
Septa may not withstang the_derivatization conditions required.

3. nse_nf_glasa;s&zingaa_nr_ninats_ixaxinualﬁ Underivatized pMg
and AMPA may bind anto glass surfaceg.

Eppendorf pipets should
be used whenever possible. Thig ig especially critical when

bandling standard solutions. @lagg Pipets should not be reused
- after contacting standarg solutionsg,

4. Dexixa:iza:inn_aliqunn_aize_ill‘ﬁ*ZL* Maintain the same aliquot
volume for all additions of Standards

derivatization reagemt. This allows the final injected

{ after liquid has'evaporated. Small amountg of volatile, acidic

including peak broadening, ang shifting retention times



i
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Qvep. temperature profile (4,2.2), The pmfile.given in this
section is a recommended Starting point. Small changes may be
necessary. Significant changes in Peak area:height ratio may

to 5 degrees.



RR 92-010B : Page 69

Appendix D. Recovery of PMG and AMPA £ X .
for study GLYP-91-8p-03 Tom soil analyzed
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Rec Yy of PMG and AMPA From soil. Analyzed for st
GLYP-91-5D-02, Using GC Parameters as Described in Tast!
b . . RECOVEIY: ¥
Sample Fortification - : - —
Numbar Level, mg/kg . PMG AMPA
G403-1R 1.0 .84 91
G403-1A 1.0 90 98
G403-1a 1.0 92 100 -
G403-1a . 2.0 79 8s
G403-1a 2.0 - 86 92
G403-12 2.0 .. 88 94
G403-1a 5.0 78 90
G403-1A 5.0 82 96
G403-1a 5.0 B4 98
G403-1a 0.1 96 B6
G403-1a 0.1 - 122 105
G403-1 0.05 85 79
G403-1a 0.05 90 96
G403-1A 0.05 94 37
G403-1Aa 0.05 96 28
G403-1A 0.05 100 101
G403-1A 0.05 101 105
G403-1a 0.05 102 106
G403-1Aa 0.05 104 108
G403-1a .05 -1058 112
G403-1a 0.05 106 115
G403-1A 0.05 109 116
G403-1B g.1 96 102
G403-1B 0.05 102 104
G403-13B 0.1 79 .96
G403-138 0.05 95 108
G403-23B - 0.1 87 94
G403-23B 0.058 97 112
G403-2C 0.1 85 88
G403-2C 0.05 B6 93
G403-2D 0.1 . 87 .98
G403-2D 0.05 94 102
G403-2E 0.1 92 100
G403-2E . 0.085 92 102
G403-59B - 0.1 81 90
G403-59B 0.08 97 102
Mean: - .93 .99
Range: 78-122 79-116
Ccv: 10.4 8.4
N: ‘ | 36 36
Values cbtained in course of analyses for GLP study GLYP-91-SD-
02, using GC Earameters found in Sectioms 3 and 4. Recovery
ues mTabeIwareobta.:.nedusingparameters found in
Section 11.5.5. Data Compensation and exclusive use rights belong to *
- Monsanto Company as data Submitter under subject to the
terms of a certain Settlement agreement dated May 19, 1988

between IC] Americas
Monsanto,

(now known as ZENECA, Inc.) and



