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• ANALVTICAL METHOD FOR THE DETERMINATION OF PYRITHIOBAC 
SODIUM IN SOIL USING SUBCRmCAL WATER EXTRACTION, 
GRAPHITIZED CARBON CLEAN-UP, AND.COLUMN-SWITCHING 
LC/UV ANAL~SIS Wl1lf (:ONFIRMATION BY LC/MS 

Sheldon R. Sumpter, BrockA. Peterson, Kent W. Ledeker, andLaura J. Mulderig 

PURPOSE FOR REVISION 

Revision No. l to AMR 2745-93 serves seven purposes: -
•• ...t • 

I. The word cleaned-up in the title is changed tQ clean-up. 

2. The number ofASE™ 200 extrac~on-cycles is defined as one.. 
3. The typo in Step 1 ofthe analyte purification procedure is corrected: wash the 

ENVI-Carb tube with one I 0-mL aliquot of0.10 M formic acid in 90% 
dicblorometbane (DCM)/l 0% methanol (MeOH). 

· 4. Step 5 ofthe analyte purification procedure is clarified: cartridges are not allowed 
to air dry under vacuum after the wash solution passes through them. 

• 
5: A warning not to use acyano guard column is added to the Equipment section and 

to the Modifications or Special Precautions.section. Column-to-column 
reproducibility for pyrithiobac sodium bas been horrible; the cyano guard column 

•tends to increase the peak width and generate poor peak shape for pyrithiobac 
·sodium. 

6. The wording in th~ Setting the Time Window and Operating·Coilditions sections 
has been changed to clarify the intent o_fswitching the entire pyrithiobac sodium 
peak from the CN ~I~ to the Cl 8. column. . . . . 

· 7. A new typical calibration plot for UV detection is added in Figure 4. 

1.0· SUMMARY 

Pyrithiobac sodium (pyrithiobac, DPX-PE350, Klli-2031, sodiuin 2-chloro-6-[(4,6-
dimethoxypyrimidin-2-yl)thio]benzoate) is extracted from 10 g o(soil by Milli-Q® 
water at subcritical conditions (100°C and 2000 psi) usmg·a'.DIONEX ASE'™ 200 
Extractor. Pyrithiobac is separated from the resulting extract by passing it through a 
graphitized carbon column. Pyrithiobac is selectively eluted from the column from 
coextracts and then analyzed by colum.u-switcbing liquid chromatography (LC) with 
ultraviolet (UV) absol'J)tion detection at 254 nm. The method detection limit (MDL) 
and limit ofquantitation (LOQ) (or the LC/UV.method are 0.3 and 1.0 µg/kg (ppb), · 
respectively . 
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This method meets 'O.S. EPA~ Subdivision N> 164-5, Pesticide Assessment Guideline 
and EEC Directive 91/414/EEC: Annex Il 4.2.2 criteria. -. ~ ........, •· ... ... - . ~ .: ~ ., ....... ~ -~ : .. ~ •. .(~...-....~.. ., · ·.. ,~( .. ~. -, ".··;.~ ...·: ·. \ :~:.~.~: ,.:· , ;··~,. ., 

2.0 INTRODUCTION .. .. .... . :· ;-~ . ·~:•. ·=- ' : ,.... . .. ~ .. ' ;.. .,,. -.... ,, 
•.• ; • : ;., ._ I' , fl • # ,. 

This analytical method was developed to determine 1he levels ofpyrithiobac sodium 
residues extracted ftoni soil.· Pyrithiobac sodium is die iictiv'e ingreoient in Staple® 
Herbicide which is used:to control broad-leafweedsoin cotton. The·structure and 
physicochemical data for pyrithiobac so<:fi~. (pyrithiobac, DP:?{;PE350, KIH-~031, 
sodium 2-chloro-6-[(4,6-cliniethoxypyrimidin-2-yl)thio]Qenzoate) .are found in 

~--:;:~: ·/ ~·Appendix·.'1~... · ~----~- -~ ·· \r -~~-. ~-~· ; '• !·: \".- •· . > ~- ·· .~•.' ..t . . 

'~ ~ 'Pyritbiooac is ex~ted 1,n;ui•10 jf~f~ii ~y Milli-Q® ~~t~--at·sti~tical ~o~ditions 
(100°C and 2000 psi) using a DION.EX AS~ 200 Extractbr:· Extraction efficiency 

1 .:: : . ·..-,...was demonstrated using standard 1~CinetliQdology.. After extraction,.pyrithiobac is 
., trapped on agraphitized carbon·coluinn. Pyrithfobac is sel~vely.eluted from the 

~ ,. , .,•., . . , . column from coextracts and then analyzed by column~switching HPLC/UV (254 nm). 
. . ... ...... :·:'· The meihc:)(fdetection lilrut'(MDL).imd limit'ofquantitation (t6Qjfor'1he LC/UV 

,. ,.;r. · -,. ' ·method are·o.3 ano 1.0 µg/kg (ppb)·, ~spectiv·ely.,,~ -:i:,/: •.. _.,' ~- ...✓ • 

• . ··;·:·;._·.:: .M~thod~e&i~·testingw~s;doimed: Threi/soii i;;s,-~i~ ofsoil where 
cottonis grown, ofvarying pH, -% organic matter,% sill, and% clay were fortified, 

.... ; . . e~and ,analyzed using this meth~d. ~dditionally,-the extraction and clean-up
4 • ,. · ,,. , .. • • ••; . . , , • , . I 1 • • ~ • , . • . ~ 

~ .. .. .·-::.~<<-step~ofthis_meth~~w~ .p~rf'o~ed.:.by~an~_ysts~·.:;.: 1 ._-,: --i · 
_ LC/MS methods were developed.to confirm·~e results generated by LC/UV for 

selec~ samples. , , ,•/. .-,1 .·- ,-. -- -;-- · · •.• ,..;•,. ·: ~ 1 ·-~ ·· • ·• ,-
• t .,_ • ~ tJ..S • f , r • • ,•• _,.. .J\,, - - • .,t• .A, JO.., . • / •• ,, ~ •••••• ,• • M • •• f' , '-; 

3.0 MATERIALS ... ' ~ .. . . . . 
• • ,. .. , , ·--~•', .... ._. .• ,. ....._ ....... ;•. , fll'\ 1j .:/ l. . • • '"(...., ...,:"'i,.I ..,.r . t ;"\• • .. • .,.,. _ _ .._•• ..,_ • , ,-. .,. • • ,~ ....·• . - ~ . ·~1· 1 ,·· . ·',:,,,a• · •~411 · • ~ . __..., . • ~ \ · • • . J.• ..... .. - '- ._••.. •.-\".:, : . ... ••,.,r . J . ,; :_ l. 
J, -, . • ~u,pmcru. ... . . . . . · • 
... ' •• '. ~ ' . • ..: ! . ...... ' . ! • • · ~ • • 1 ·. "-:. . . .. ~ :·· . : .,.. j•:. , · . . '. ;·, 

f !·•( ': - 1 ·: . • ' ~ ,.... - ~1·_ , ' .. , f 

• 
•• 

: ",. . • ·: Equivalent equipment may be substituted unJess otbeiwise µidi~ted. Note any 
_. .. . ,_ : . specification i:o ~e.foU~wing descriptions befo~ making substitutions: Substitutions 

1 .- _ . • ,- ••• ~ol,tld_be ~e;o~y.ifequivalency/sui~~ty ~ ~n.v~~ed ~~ acceptable 
· , cqntrol and fortltication ~very data.._.. .. . . . . .·. , ~ , • ..·.. . 

,. , • • • ' • • .. • .. • • • ~ • • • • • • • 

[:i -. .. .•.~.:fA,SETM 200 Extraction Apparatus~ extractor and the following parts:' '22-mL stainless 
.•~ .. j . -··'. ' · ·r steel extraction cells, #49561; cellulose filters; #49458; 60-mL collection vials, 

#48784, septa for collection vial lids, #49464; 0-rings, #049457; PEEK seals, . 
, -. .·: .'"; #049455.DIONEX (S1!D!lyvale, eaµt':). sm~ ~· 60,_0'.Q40".9·0~3 mm particle 

• 
. . ,.... "· siz.e,#938S-3EM.Science(Oibb.stown,NJ.). · -.~ ;_ .. ... ~. ,- ; 

• • I. • • • • ·. • . ... . • • • • • • '• • • ... - •-· • • • I,,. • •• ! . . . ' -· 

. . .. . " . ~ . ,·. ·., .;.• ,:.....:·· ~ ,_~-: .. 1:.:; :r ... : t :- · ;- •..- ...-- • *: .·_... : · ,€ .. •• .;'.:-•. ..• 

,.
,1.. ..... .. L' ' l ,~• ,\~~ •. ·• • •~·•••···t"'"! ~.,'· ·.f . !:: .-.Jt.~·!"! ·;;:_~:; ......"•,j. ';,:,/·.,· 1 t l..f: ~~~} . , 
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LC/lN system - (Waters, Milford, Mass.) 

• Pump control module, Waters; 

• Three pumps, Waters, Model 5_1 O; Note: -~ three pump, high-pressure 
mixing HPLC system is not required for this method; a single pump, 
low-pressure mixing HPCC system will work too. 

• ·Millennium 2010 v2.00 software run on a NEC 486/33 computer, Waters; 

• Auto injector, Waters, Model 717 equipped with a 2.5-m.L syringe; 

• Temperature control module, Waters; 

• Column heater module, Waters; and 

• Six-port switching valve, (Valeo Inst., Houston, Tex., Model E60, #EC6W) 

HPLC Columns - Column I: Zorbax® SB-CN 4.6 x 150 mm, 5-µm particles, 
#883975-905; Column II: Zorbax® SB~C18 4.6 x 250 mm, 5-µm particles, #880975-
902. Do not substitute. Do not use a cyano guard column. Column-to-column 
reproducibility for pyrithiobac sodium has been found to be unacceptable. A Zorbax® 
cyano guard column usually increases peak width ;w.d generates poor peak shape for 
pyrithiobac sodium. 

Solid-Phase Extraction Apparatus - Solid-phase extraction manifold, #5-7044M, with 
disposable Teflon® solvent guides, #5-7059 (Supelco, Bellefonte, Pa.) 

Solid0 Phase Extraction Cartridges and Adapters - ENVI-Cafu packing #5-7210 
(Supelco, Bellefonte, Penn.), do not substitute. 25-mL teservofr'with fiits 
#1213-1017, and porous, polyethylene, 20-µm pore fiits #1213-1023 (Varian Sample 
Preparation Products, San femando, Calif.). 

Disposable Centrifuge Tubes - Blue Max centrifuge tubes with caps and rack, 
polypropylene, 50-mL volume, #21008-951 (VWR Scientific Co., Bridgeport, N.J.) 

Evaporator - N-Evap® ~ode! 111 laboratory sample evaporator/nitrogen manifold 
fitted with Teflon®-coated needles (Organomation Associates, South Berlin, Mass.). 
Unit is attached to a dry, clean nitrogen source. 

Mobile Phase Filters and Vacuum Filter Apparatus - Use 0.45-µm pore,.Cat. No. 
HATF 047 00, Type HA filters for the 0.1 M acetic acid. Use 0.5-µm pore, Cat. No. 
FHUP 047 00, Type FH filters for acetonitrile. The Millipore vacuum filter apparatus 
used to filter and degas mobile phases consists ofa glass filter holder, #XX! 004 700, a 
ground glass base with stopper,# XXJ004702, !I funnel co_ver, #)CX2504754, and a 
1-L filter flask, #XXl 004705 (Millipore, Inc., Bedford, Mass.). 

Syringes - 2.5-mL disposable plastic syringe, Part No. Zl 1685-8 (Aldrich Chemical 
Co., Milwaukee, Wis.); Hamilton 100- and 500-µL syringes, #80600 and #80800, 
respectively (Hamilton, Reno, Nev.) 

• Syringe Filters - 4-mm nylon filters with 0.45-µm pore, #9001-10 (Chrom Tech, Inc., 
Apple Valley, Minn.) . . 
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• pH Meter - Beckman Model Pm 11 (Beckman;Jnstruments,.l?c.; Fiillerton, Calif.) 

Balances - Mettler Al63 analytical and PM460:top-Joading ~ances (Mettler 
Instrument Corp., Hightstown, NJ.) · 

' . . . ' . 
, _ . ,Ultrasonic 1311th -Branson Model 2200 ultrasonic bath (VWR,'Scientific Co., 

Bridgeport, ~.J.) .. · , ~ , . .. . - - _>-.;..:/: 
-. Mixer - ~Vo~.Genie 2 (VWR Scientific Co., Bridgeport, NJ.) " 

• ' ' • • #. • .- • ---~ ., 

:Pipettes.- PiP(:ttnan #~-1000 adjustable pipette an4 EDPc-Plus pipette #EP-1 0ML 
(Rainin, Emeryville, Calif.) · · · · · · · · - · ' · · · . 

' t--.' . ' . .,. . ,;, 
Antistatic Gun - Zerostat antistatic gun, #23000 (Sigma, Chemical Co., St Louis, 
Miss.) .. .:~:- ·/...,_'_;,t.-·--.. ·:··'.) 

r.__;•,.~ :, . I. . T •· • • •-~ •:• .' .. ' 1(: .. • :~:; .._f ·, 

3.2 . Reagents and Standards . ,, .... ' ... - . . . ' . _- ... i.,, .. ,..... ,_.,......... ,..,~ 

' · · '. Equivalent reagents may be substituted for those listed.~Iovv: To determine if 
', . , , substituted reagent impurities int~rfere ~ith DPX-PE350, ,appropriate f1II10Unts ofthe 
, . , _solvents should~ injected into the HPLC using the chromatographic conditions 

. ~-- _specifiedinthisreportfotI>r_X.0PE350. ,; .> . ;--•·· ·. ':... _ 
Water ~ Deionized wa~r passed through a Milii-Q® UV_ !'\us water IJUfification 
system #ZD60 115 UV (Millipore, Bedford, Mass.) . . .. 

• 
' . .. ' \ . -. '~ ;'.": . 

Dichloromethane (DCM) - EM Omni Solv®, residµe gra_de dichloromethane, 
#DX0831-l (EM Science, Gibbstown, N.J.). Waming-.dichloromethane is a 
suspected carc~ogen; use in a fume hood: · '·; -- :~ ._:.c. . --~- · · · 

·.' • • I,, . .,. . ' • • . ~ •, ,• . :J.•. :;'.· • ' • 

.. Methanol (MeOH),- EM Omni Solv®; HPLC~~e metpanol, #~0488-l (EM 
Science) ·. · · . , ·-· , > ,_ ,;,·~ · . ;·'", .:; 

.Acetonitrile (ACN) -EM Omni SoJv®, fiPLC0grade_acetoilitrile, f!AX0142-1 (EM 
Science) .· .. : ... , : : l:.. -, · _ · , ,. ,· , . _ . ~ ·. - . • · 

Acetone -EM Omni Solv®, HPLC~grade•acetone, #AX0_l 16-l_(EM Science) 
l 

~. . .., -... '· ... - . '·. . . .:_ . . . -. - '' . . .''·~ . Ammonium Carbonate [(N14)2CO3] - Baker Analyzed®Reagent; reagent-grade 
ammonium carbonate #0642-01 (i- T. Baker; Inc., Phillipsburg, N.J.) - · 

•Hydrochl~c A~id (HCD - Reag~~t-grade 12 M hycirochlori~ acid, #9535-01 (J. T. 
' C.' .,, "Baker,Inc.):·· · · .•·. '• .·· ,'.. .' · ··>'.·, :·'.· ·. ·. 

"Formic Acid-EM. S;p;p~formic acid,.#11670:1 CE¥ Scien~~) " •..:-! 

Acetic Acid- Baker Anal~ed® glaciahlcetic acid, #9524-00 (J. T. Baker, Inc.) . '. .. 
... . . "' . . - . . . 

Pyrithiobac Sodium (DPX-PE350, KIH-2031) - Reference substance used for HPLC 
. analysis: analytical standard grade DPX-PE350, Lof#4; 98.7% pure (prepared by 

,( Kumiai/lhara Chemical Co. forDuPont Agricultural Products,_GlobalTechnology 
. Division, E. I. du Pont de Nemours and Company) .. · · · 

• ""' ~oactive pyrithiobac (DPX-PE350); NEN #27~67' HOTC #370, 99.0% pure . 
Specific Activity: 70.210 µCi/mg. Radiolabellocation: -pyrimidine-2-1

4
C. 
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Safety and Health 
No unusually hazardous materials are used in this method. All appropriate material 
safety data sheets should be read and followed, and proper personal protective 
equipment should be used. 

Warning- dichlorometbane is a suspected carcinogen - use in a fume hood. 

Caution: extraction cells used for this method are extremely hot (100°C) after the 
extraction. Allow the cells to cool for at least 15 minutes before handling to avoid 
bums. 

All material safety data sheets should be read and followed and proper protective 
equipment should be used. 

• lMETHODS 

Principles ofthe Analytical Method 
In this section is a briefdiscussion ofprocedures developed to extract pyrithiobac 
sodium from soil. This discussion is followed by a briefexplanation ofthe analytical 
method using subcritical water extraction. 

Pyrithiobac is stable in relatively extreme extraction conditions: acidic and basic 
conditions. Aged pyrithiobac residues may be efficiently extracted from soil by reflux 
in 20% 1 N sulfuric acid/80% acetone and by reflux in 1 N·sodium hydroxide. 

These acidic and basic extraction conditions sufficiently extract aged pyrithiobac 
residues from soil, but the clean-up steps that follow before analysis are extensive, 
requiring two to three days to complete. After acidic or basic extracti()n, and 
extensive clean-up, co-extracts still lead to interference peaks in chromatographic 
analysis.• · 

Using single-column, reversed-phase LC/UV, the coextracts that remain after 
clean-up interfere with the quantitation ofpyrithiobac at low levels (1 µg/kg). 
Column-switching LC/UV of these extracts may be performed to eliminate much of 
the interfere11-ce, but spurious interference peaks still pr:sent problems for routine 
analysis.· . 

Pyrithiobac may not be directly analyzed by GC, but must be derivatized. A reagent 
that works reaSOD!lbly well is diazomethane, methylating the carboxylic acid on 
pyrithiobac. However, many analysts prefer not to work with diazomethane due to its 
potential hazards. Other reagents may be used to derivatize pyrithiobac, but the 
conditions required usually derivatize co-extracts that can lead to interference peaks 
inGC. -- ... --·-· 

A method that would efficiently extract aged pyrithiobac sodium residues, but require 
little clean-up before its direct and routine analysis by LC/UV was desired. The 
analytical method descnbed in this report accomplishes this objective . 

11 
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• Pyrithiobac sodium (pyrithiobac, DPX-PE350, KlH-2031; sodium 2~cbloro-6-[(4;6-
• dimethoicypyiimidin-2-yl)thio]benzoate) is extracted from 10 g of_soil by Milli-Q® 

· · .. water at subcritical conditions (100°C and:2QOQpsi) U§ing aI?IONEX ASETM 200 
Extracfoi. Pyrithiobac is separated from the ~11ulting_e~~ct by passing it through a 

·-,, graphitiz.ed carbon column.' Pyrithiobac is selectively eluted from the column and 
· ·· · then analyzed by column switching HPLC/lN (254 DIil). A flow diagram oftl:ie 

. •. · : 'analytical method from extraction.to analysis is shown in Figure h · · · 
+ . ' ••• ' • ·- .• ("' f,.... -~-.. - .',r.....,1, • ' .•• .:,. • _j ,,.,J .... - ~- - .: •• ,;.~ ... ·~ ..:1.1.-~ ;·•... .•.... ) • 

4.2 Analytical Procedure 
.<•'·'< .. ·.: '... 1··-~\'··\1· ._t~ ·,,..~ "t ;;'_~,:~~··Tr...:~ 

4.2.1 Glassware and Equipment Cleaning .:.·.\J~ )".J LI•ic.:.-J :.-.. ..·i:-1.•~-·-- ;,'"·-~ 

Glassware and extraction cells should be scnibbed by brush with a soap solution, 
rinsed two to five times with water, and rinsed with acetone or other suitable solvents. 
Distilled or deionized water may be added to the rinse sequence. The glassware and 
extraction cells are air-dried. . .. 

'..., , - -· ... .,._··:-:-.,.·, ·,-_-i;_,,, -~l'~· ..;'~/.... : r_•--:::,~ ~j.J 
4.2.2 , : Preparation o[Soluti~ns .. •... (~ 11,<.. ,... -,;;, ~•-i," .."-,: :r ;-.l .' _ .• 

The following solutions should be prepared w~ekly and stored at room temperature 
unless stated otherwise: · · · - · 

. - , --.: , , .-,·.: ·.1"-:-.• ,t_t . -~rf.;;,r_: '7~· _:,.. --

•
.,.,. ·_ , , . , 0.01 M Ammonium Carb_onate ~ Diss_olve 0.96,g of(Nl4)2C03, in°about 800-mL 

.. · distilled water ani:l dilute to 1.00 L iil a v9lumetric fl~k,; :°-: ; ~.:,. ,: 
OJ M Hydrochloric Acid - Pipet 8.3 ml> 12.M,Hc::J iµ_~q_l-L volumetric flask and 

- • • · , · bring to volume with'Milli-Q® wate_r, ·-:-f.· _.': i,;J ·: _ . , , .,-, .;, · · 

. , 900/o DCM/1Oo/o MeOH" \Vith 1000-ml.,'.gradu'aieifcylil!der, measure 900 mL of 
· dichloromethane and add to 1sL volumetric flask: With 100-mL graduated cylinder, 

measure 100 mL ofmethanol and add to the 1-L flask. Do not adjust the volume to 
1-Lmark:· ' ... ·... ·1 • T_ .'.!":; -': ... ·o, ::· . ·-- ': ,,, . .':' 

. '0:1 .M F~rmic 'Acid in 90/10 DCM/MeOH - Pipe~ 0.755 mL off~rmic acid into 
· 200-mL volumetric flask. Bring· to volume with '90 DCM/IO MeOH.-; · 

. . ... _.,__: _"; • ·. ' ..· -.. · '•'·J ,.J. ,._ ~) ·., ~ ; 

0.10 M Acetic Acid - Pipet 2.85 mL ofglacial acetic acid into ~00;-mL volumetric 
flasjc and bring to_ volume with Milli-Q® water. _": · ·: ~ · ..·• ,, . .'- .I,,' '• ~. ! .- ',' I,,·,,.,._•_,,... _ '(_',-,~.-_')'_j_," 

- · . 20% Acetonitrile/800/o 0.10 
1 

M Acetic Atjd ·~-With I00-inL gra!iuated cylinder, 
'· · : · · .. · :,, • .. measure 100 mL of acetonitrile and add to a 500-mL volumetric flask. With a 

, 500-mL graduated cy~der; measure 400 mL of0;l M acetic acid into the 500-mL 
., . • .. · .volumetric flask. Do not adjust the yolume to·the 500-mL mark: Shake vigorously to 

mix: · · ·· · -.·· · 
--"' . 

. '·' 
. · HPLC Eluents-Eluent A: 100% acetonitrile; EluentB: 100% 0.10 M acetic acid; .. El;ent C: 100% Milli-Q® water. Mobile phases s!J,oul!l ~e thor9ugli1y degassed daily . 

• 
Solvents are degassed by filtering them through a Millipore® vacuum filtering 
apparatus while _sonicating the apparatus. If a low-pressure Inixing HPLC is used, 
mobile phases should be sparged at approximately 30 mL/min . 

. ;· 
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4.2.3 Preparation and Stability o[Stock Standard _ 
Use Class A volumetric flasks when preparing standard solutions. 

Prepare astandard stock solution by accurately weighing 10 mg ofpyrithiobac into a 
I 00-mL volumetric flask on an analytical balance. Record the weight ofthe standard 
used to make the stock solution. Dissolve the standard in approximately 75 mL of 
m>LC-grade methanol. After dissolving, bring the solution to 100.00-mL volume 
using HPLC-grade methanol. This standard solution is stable for approximately 
8 months when stored at approximately 4°C. The concentration of this solution is 
100-µg/mL pyrithiobac in methanol. · 

- 4.2.4 Preparation and Stability o[Fortification Standard 
Use Class A volumetric flasks when preparing standard solutions.• 

Prepare a foi:tification standard solution by pipetting· J .00 mL ofthe 100-µg/mL 
pyrithiobac stock standard into a 100-mL volumetric flask. Bring to volume using 
HPLC-grade methanol. The concentration ofthis solution is 1-µg/mL pyrithiobac in 
methanol. This standard solution is stable for approximately 8 months stored at 
approximately 4°C. . · 

4.2.5 Preparation and Stability o[Chromatow;aphic Standards 
Use Class A volumetric flasks when preparing standard solutions. 

The 1-µg/mL pyrithiobac in methanol fortification standard is used to prepare the 
chromatographic standards. Prepare the standards by pipetting volum~ ofthe 
1-µg/mL fortification standard solution ofpyrithiobac into a 25-mL volumetric flask, 
as shown in tiie following table: · - · · 

Desired Standard Concentration Volume of 1 pg/ml Standard 
(pg/ml) Required (ml) 

0.500 12:5 

0.250 , ·-6.25 
0.200 5.00 

0.100 2.50 

0.0500 1.25 

0.0250 0.625 

0.0100 , 0.250 

0.00500 0.125 
0.00100 . 0.0250 

j 

Evaporate the methanol (to dryness) in each ofthe 25-mLvolumetric flasks using an 
N-Evap®. Add 20% acetonitrile/800/o 0.10 M acetic acid to the volumetric flasks and 
dilute to 25.00 mL. These standard solutions are stable for approximately 6 months 
stored at 4 °C. -

13 
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Fortification Standard Solution- In most circumstances, "the 1-µg/mL intermediate ' 
standard solution should be used for fortifications ofsamples arialyzed by HPLC . 

..>"'•-~ ·1 ~<:: .. r!!:. ·.Z l_,.._ r- ·- :; t ~~<~ ·'.<·~ - ~~ ~i~- :•·~:-- ·. ,~--: r~:~\ ~r~:. .'..-~ ·: .- ,_·, .~··. -~: :. ··: ~· ~· :.:CJ . 
, 4 2'6 , • S . fSa ' , , - , , , ' - . · ,,,~•·,.· .- . ~:!. c ourcen; mp,es. --r,• .. -·~-~tJ .:._.. •\);:.,1:·t,.,t-.~':':::··•. '-- "r~·.:. ... ·:·:;~J'i..{ 1:.i:"...:"JL 

i ) 3.::, : ·:'."Soil samples used:to generate the recovery data in this report were from four states . 
~•,.:r:',~•r ·~known foi-cottoii production.- ,These samples included soils from Madera, California; 

·:I•..•~: ,·.•• Bolivar Courify,'Mississippi; Tarboro~ North Carolina; and Donna; Texas. Soils from 
~; <:.::·:. '-- , these·areiis were 'characterized for percent organic matter, sand, silt,:arid clay. The pH 

and texture ofthese soils were also determined: Typical physical properties are listed 
in the following table. 

' 

Jr:':-•:-'' 
t>,_£-;_.. : '~~,•.,•,,~i 

__ .,, __ 

r::l :.~.:.;~-:.,: ,,__
i•'.,u> . 

• ~1.·:.:· .. ,_,~• 

.. •. .• Origin 
.. . .:• - ' i. 

• Tarboro, NC 
·~ .'........ . 

Madera,CA 

,.. ,,< ,Depth (feet) 

I ··...1'1 ,•,f",i- ·.:, .t.. pH-.
, .. _ ..... .i .•.. 

',:,. ,0-Q.5 -· 
-

-i~ ,•1r54-6'4 4 •,;'•.---1 .. ~ .. t.. 

. -\,.- ' .. 
_,,0.5-1, 

, ' "'c"I -,;_•;--;. ~ ,Jc•...::i-........_.,. 

. . :. - - . 

- . . --- . .. ,. 
~.¥•._. -, 78'·.••·: l ~~.,..- __ •,{'..J, .. , 

0-0.5 

5.6 
- -.•: .•.... -

.·,%0rganlcMatter. 

%Sand 

: - ~ ...-,, ·. 
o.s-,12·;:t 
88-92 

. . ., ~-. 
-~-•0.(3-0.9/':~• 

413-72 .,

.. ~. --- ...
.'.:'.·;':-·,1.4;:··:',_' 
;°'!·';147.2'.;f,,:·_; • 

0.7 

76.0 

19.3 
..... -..-, 
4.7 

Sandy Clay . , ,. . ·- ·.... ' .. Loamy Sand 

-~- .-,..,.::1:•J..,:--J-(\,,i .· .·.,,·J~!>~--•:-.-,,; __ .·.:. .. _, _.·.., - .;..~. ··_:.:.-'J..._·_·:Jv, . ..,;.� 

·:':·4_2_7 ,, : :DStori:igeatid'Preparation ofSamplesY :,:;;;t :···::J r:r ,.,:;~;ii,,:i~ ,fo'\," '.· 1 
Soil samples should be received frozen, and should be sieved through' a 1/4-inch 

,."": ·; · screen to remove stones and plant debris. , Samples nµiy J?e ~omposited and 
___ . _____ '. homogenized using a Hobart chopper or a ball mill. After homogenization, the soil 

samples are immediately retiiined to the·rree~r fgr storage until they are ready to be 
prtlP.~d for ~ysis. ,;.;c;,~ 

O•jJ: J,;;;,O 
4.2.8 Sample Fortification Procedure iJIH.'J 

Generally, fortified soil sampies are prepared using the l .O-µg/mL fortification 
· standard solution. A syringe is used to add either d 0, 20, or 50 µL ofthe intermediate · 
stall,~ solution to the soil and silica mixture, ~suiting in fortification levels of 1.0, 
2.0, and 5.0-µg pyrithiobac sodium/kg soil (ppb), respectively. After fortification, the 
fortified soil should remain at room temperature for approximately 10 min. 

·- .. ., . . ' 
Note: Soil should be fortified before mixing with silica for the extraction step 

,-~ r,'~,.. , desctjb~,in the_!}~Xt se,cJtip1,1,~. - l"', ·.,, ,, c ,. i 1~,, ,,., ~··• ;.,;:..,,,~,.;,
•. •->l, ,. , .v1 1,, ___ . • .... , _ .. -•-... 1 •·~ \ .., •'· .,t •. •·JJ•~•.J·w,r~t.,·1 • 

·.~,:; :..1,. 1: ~~·..1.cTo test:the,linearity ofthis·method oveftherange,ofpyrithio,bac concentrations 
c.: , . ·.,: ~ \. ·expecte? in.field samples,the 100 µg/mL pyrithiobac ~ock standard was also used to 

• fortify soils. From the stock standard, 5-, 10-, 50-, I 00-, and 500aµg/mL volumes of 
I ..__ 

-:.1____.,...., ______ ~· ~--·--- ... ····-- ___.... __ ----- ·- --- .- ·----· ... , ___.,,,. _____......,., -
14 
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100-µg/mL pyrithioJc in methanol were added by syringe to 1 Og ofsoil for 50-, - 100-, 500-, 1000-, and 5000-µg/kg (ppb) fortificap.on levels, respectively. 
. . I . - . . 

4.2.9 AnalyteExtractionProcedure__ ___ __ _ ..' · 
' .

Before extraction, weigh IO g (±0.01 g) ofsoil into a 50-mL plastic centrifuge tube. 
Weigh 7 g ofsilica gel into the centrifuge tube and thoroughly mix the soil and silica 
by shaking. Use a clean spatula to break up soil clumps ifnecessary. The soil/silica 
matrix should be hombgeneous. . · · . . . . 

· Before ai:i extraction, ~heck the white O-rings installed in the exteri~r ~d of each 
· extractor cell cap and fl the ends ofthe rinse tubes. These O-rings should be pressed 

into place or replaced i needed. . . . _ , 

Before loading an extraction cell, the PEEK seals for the cell should be checked to 
. avoid leaks during an ~xtraction. Worn PEEK seals are discolored and often have 
· deep grooving on the ~ace. Replace worn PEEK seals before extraction. 

Prepare to load the extkction cell by placing a new cellulose filter in the bottom of 
the cell on the stainles~ steel frit. · · 

Transfer the sample to la 22-mL ASE™ extraction cell. ' 

·The loaded cell is exJcted using the following conditions on the ASE™ extractor: 

Heai Step: . ·:._ 5min- · 
. ' 

Static Step: IOmin- Solvent Flush: 40% 

·Nitrogen Ptdge: 60seconds 

Elfuaction Tbpera~e: 100°c 

Extraction I'fessure: 2000psi • · 

Extraction silvent: Milli-Q® water 
I _,.Extraction Cycles:•,
I

A solvent rinse ofthe ~SE™ extractor lines was peiformed between each extraction. 
The extract is collected in_a capped, 60-mL vial. The ~xtract is stable for at least three 

1days at room temperature. . · . . . · 

Although silica homogbeously mixed with soil should prevent cell plugging during 
' .

subcritical water extracµon, cell plugging may occur. Therefore, after a sample set 
has been extracted, each extraction cell should be opened and examined for evidence· 
ofplugging. !fit is ob~ious after inspection that water covers the surface of the 
silica/soil matrix, the cell probably plugged during the extraction. (It is normal that a 
small amount of water remains adsorbed to the silica and soil after the nitrogen 

• 
purge.) Extracts from plugged cells sh_ould not be cleaned-up and analyzed. Another 
ten grains of soil should be extracted for these samples using the above listed 
procedure with one modification: more silica should be added to the soil and mixed. 

· 15 
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t::..:; •, ~ ~-\ ~'; •.r. I~ ,t:;c,~1;.. -~ ,i_.:;· .-:7:/.: DuPont ReportNo. AMR 2745-93 
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• ,.;:. ;,; -~r,' ·.'.: Cmitfo'n:. Extraction celis are·ex~ely not (iOQ§Cfafter:the extraction. Allow tjJ.e 
--· <!·cells to cool for at least I'S-minutes before ha:lldlirig.:·2':CI -C:,:, ::~; 

- 4:2.J0 Analyte Purification Procedure -~~'i:.:s ~&~-'-;_;;.::;; :::_;-;-~_;:..;l°:'.~-,"~;. il.:..~ 
,t .\·' : C. . --· , Each'extract was subjected to'purificatfon using 'a·disposable 2-g ENVl-Carb 

.e~=r1<~·-1:1, .....,._.....:Affi::lo'· ..... tr·-:-~1~... · .... ('J·-•-,.:.-11\l~, .. c.-·t·•·.···1--··,•·.-.:.:·._-:,.., ... \ .... ,.. -' · 
-••·• ,---;,_..,., .,.,.•\,CU,1,1.l~..,• • . .,._;-' /,.•I ._..4,, •'"7~i., .i..... , •.; I ! •_lf:.,...::,l •. ,._._,;'J.,·> 1...-a:_•'' . 

.Sti:~·~u.-·t~J;..f: _\_..... ,•:,;,~:1·r,1r·:..,..,..f1"tl;-:.,.;qc •;---.• ~ !•J,r,, .·~·.·~-•>-- .....·.'.i1 .... ,:•-··,·~· 
· · To prepare tlie ENVI-Carb eitractio~cartridge,_weigh"2 gpfE~-Carb packing into 

· . . a 25-mL reservoir. Use the antistatic gun to prevent static·charges during the 
,:--,! 1.:, ~,-,-weighing piochss. Lea{re twcrftits in tlie bottom oftlie reservoir.' Add the packing on 

1 ,. -- ',,_,:" 'Jt''top'ofthem;.:After adding tlie packing to the· reservoir, add·a 20-µni.,frit on top of the 
,-,.~ ._·~-. i,:- .... , ·_,.., .••-..,,·--· -·-·paCking. .L~••· ;c,, ,,/•,. . ,.J---..C; , • .-,, 

('~ :~ :.:: -: •··i.~ 'Wash1ihe ENVI-Carb tube witl:i'one·I0-mL aliquot of0.10:M formic acid in 90% 
,._ ~ii,;',, t,·,. :dichlorometbahe{DCM)/10% inethanol(MeOH); 'Pull'air:through the tube for 

,-,~:_~:." -15 minutes to dry. ·Wash-the tube with 25·mL of0.l_M·HCl:, ·Pull air through the 
~ ~ , :- . ; • , r: tube for 2-3. seconds after the HCI has passed through the packing . 

.I..•~••••••-••••~~•,-•·•~:- .,•*-•·••.... •- ,.,,._. .I '... _,,_,_.._,,_d•,',t '--' • 

.2. Add 10 mL ofMilli-Q® water to the ENVI-Carb tube and-pull through the 
packing until_ 1;'.?.,~~C>f.\Vater.~~ill.~C>V,e,:,~e_t~_p-fjit,.-;;;;'. ·~-•-e 

·~.::3: \Add extract from.the subcritical water extraction.to the column .. Pull the sample. 
.,.,., 
-., . , ,. 

,, •• ..,..,•• .,.- _. , • ••~• •·..... -,. I-•·,·, •.,t',,j.,J< !I-,•!

through the ENVI-Carb tube at a·flow rate of3-5 mIJmin. ·Once all ofthe extract 
: . . ~ . .-. . 

has been added to the column, rinse the collection vial with two 2-3 mL aliquots ,· 
ofMilli-~ water and add to the column. Pu!). the final amount ofsample through • 
the packing unti) ,the first air bubble appe~ l:lelow the.packing, then stop the
flow. - ' · · J.-- ·-·· ,... ··•"" • 

:.:..:_- ,yf--:. J"',) ;ct·,•_u-C:: i'X: ~f"'"1 
4. Wash the EW,lcCarb tube packing with 15_tnl,_of0.0! M ammonium carbonate, 

pulling air tliroiigh the packing for'2 'minutes 'afterihe wash solution passes · 
, through the,ENVI-Carb tube,. Wash the ENVI~Carb.tube with 2 mL ofMeOH and 
pu!Lair _ttu;~~gh_ tpe packing for 15 minu~~:1~ <!1?':~ ~•:e: 

5. Wash the ENVI-Carb tube packing with 10 mL _of 90% DCM/I0% MeOH. Do 
not allow the ENVI-Carb cartridges to air cJiiimder vacuum after adding the 

, ., _•.• ._ :-,- , .,1!),mL of90%I!Cr~1O00.(o M~P:E:l;; Jpst !llloV{ 1:IJ.e.solvent_io P!':5S through and stop 
.~~ _-: -~. ~--~~-- -_:_.- ;. ;~;." /·. ~~:r~~·-~~~;~~:·_._T ··__ :.~;t,7 .t/:-e~~:t~· --~n-- .~ ~:;: -_ ~~;::-_·::~ :~~ ·..~~,~ .: ··~~-~T 

6. Elute pyrithiobac sodium from the ENVI-Carb tube .with 25 mL of 0.10 M formic 
, . , ,. • ,. ~ "'', ,,- "acidil:l 90% DC¥f19_% M.~H at a fl\)W ,rate of3a5 mL/minut_e: collecting the 
\:~: ·• :• _'·/; · './ s~}u~o4 ~tpas~ thr~ugh m\1,5!)-~_plastic centriri:ge tube_:·• ; . 
.-:;.:~ 1:-, .: ·---~: ·7. · Evaporate the DCM,'MeOH; and formic acid solution to dryness using an N-Evap 

, ,t . '.:, .,_._�• - with the water bath.at 40".C. ;The sampl~ may be.stored for at_least two weeks if 
: , . -·, ': "l.'.: '.".- · : · l stored in a refrigerator'at approximately 4°C.'. ,;-, __ : .. , • ; ,;" ,_-;;;; , 

'J -~ ~ .··-: i_'i - \. : r .. . t , . -! _ ..: .. \ ,.._ 1· .. , .• ''I", •• , ,. •• .. , .-,.,...... ,.,. ~ ~. 
. .. . . , . · .'. ·; 8. , .Add 200/o acetonitrile/800/o 0.1 M formic acetic acid_ to ~ final volume of 1.0 mL. 
. . . • . · ·-:· :, • r-·' V9i1ex_inix_ foi appi:oximately lO seconds, makpigs~.~tthe.solution vortexes 
. ,_ . : _,. ;- i. - 6.-' :, ,-~~ Jower one~fu.ird, ~f !he vial _si~. , Sonicate the sam.l:'le_:r,or 3 minutes, and vortex / ·--, 

• · nux for 10 seconds. Filter the sample through a 4-mm diameter; 0.45-µm pore 

....,....... -- -- •·• ..... -- --·~ - .._ -·•· -- .. ~ ...--...-- ...-. - ... ~ . - .,, . -~-- __....... -- . -~ 
.,...'' 16 
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• syringe filter. Samples are stable fo~ at least five weeks ifstored in a refrigerator 
at approximately 4°C: ·· -

9. Analyze by column-switching LC/UV as described in the next section. 

4.3 LC/UVInstrumentation 

4.3.1 Description 

Method validation data reported in this study were generated using the 
instrumentation described in Section 2.1 ofthis report. The high-pressure mixing 
HPLC system used for this work generated reproducible retention times for the 
column-switching routine that was used. However, low-pressure mixing systems 
using propo_rtioning valves may require premixed solvents. Ifretention times shift or 
ifthe baseline fluctuates or is irregular during the gradient, solvent premixing may be 

_ requir!ld., _ 

Isocratic, multi-dimensional HPLC was used with the columris listed in the 
Equipment section oftbis report. (For a review·ofmulti-dimensional, 
column-switching HPLC, see References 1 and 2.) A diagram cifthe column 
switching valve arrangement is shown in Figure 2, where Column I and Column II are 

• 
- Zorbax® SB-CN arid Zorbax® SB-CIS analytical columns, respectively. The column
switching routine used and a description ofhow the switching valve was connected to 
the HPLC arid activated are described in Tables I and 2 . 

· With the valve in Position I, the effluent from Column I leaves the column through 
the valve, enters a bypass loop, flows back through the valve, and then flows to the 
detector. With the valve in Position 2, the effluent from Column I goes (via the 
valve) to Column II, back to the valve, and then to the detector. To obtain the data in 
this report, ali tubing connecting the switching valve to the analytical columns and 
detector was 0.010-inch internal diameter tubing made as short as possible to 
minimize dead volume. Ifsmaller internal diameter tubing is used, the resulting back 
pressure developed when both columns are in series may be too great for the LC · 
system. 

Before injection, the valve is put in Position 1, so that the HPLC flow bypasses 
Column II. Pump 28% ACN/72% 0.1 M acetic acid at 1.0 mL/min through Column I 
only. Just before pyrithiobac starts to elute from Column I, the valve is switched to 
Position 2 in order to trap the peak on Column II. After the pyrithiobac peak is 
collected at the head of Column II (after 1 min), the valve is switched back to 
Position 1. 

Preparing for Analysis . 
Ifnew analytical columns are used 'or if columns have not been used (or a day or more 
and have been stored in ACN, MeOH, or a mixture ofwater with these organic 

• 
solvents; they should be conditioned . 

17 
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. ·' :,-; ; Th conditiori the:"'coitlliilis;·~siti~n the switcbirig"'.:~hlvci U:}d'in tb.e'.columns in series. ( -; 
Pump I 00% ACN through both columns at 1 ml;/min. Monitor the baseline during 

~: this process:. After achieving•a'stablebaseline, set tlie CC?_liunn_s in the.mobile phases 
that are used for the analysis by doing the following. Pump 48% acetonitrile/52% 

· 0.1 M acetic acid through both columns for 30 min at lmllmin.-,At the end ofthis 
step, position the switching valve to Position i"and condition the· SB':.CN column\vith 

_28% acetonitrile/72% 0.1 M acetic acid for 5 min at 2 iruJTLn'.'.''; ,, '-~ \ ,,.~ 

After conditioning the_ ci>lumns, the; aut9881!',p~~r sl;i.9µI_4_be 1!1.1!"~ ~~ 28% 
r·,,; · r ,. -~9etoni)rilel7i%JP,¥ ~tic, ac,tdE,.:,:.r :~ ',i:-. •. -,y.- ·, c/"'2.\i'.i!:.':J ,_. ,,Li 

l ,·•-~· ·,. -:.t '.:;Mi.:.{:·:. ·cit:- :t:J~ ."':· - J.::::"f:(t!"Lt:' .! t ...':: .,~·:.:<:::!l: ;-! ·11•,~· ;J:;' ir:;: ~ .::'.]J u--:.~tr\:,.., '.), ~<':'t!~ . 
;,;: ··;,;:. ;' Seiting-the TimifWiiidow!l :i .J'.'.i! r.:.'-:- !.-~• ~dt:·01 ;·•_1•1w, .?:'_-c..:-u:~;i 

·;_:, '"'..\~ :?· ·_, The valve switchirigtirn~ (the "iliiie'wiiidow")'are-.--set af1:"O.50'mm\iies around the· 
:_.fT' ·; Ii;·c •i ' average ~teniion' time for'tl:irei; injections·ofpyrithiobiic siaxidirds•el'uting from 

- Column I only. -(See the following section for the operating con<litions.) The time 
1 ': ,window.is determined immediately bl;fore th~ sampJe ~y~is,nµi is.~tarted. The 

retention time (through _Column I) ~nt_relative stan~d deviati91!_..(% RSD = 
1r: ,«:;,JO0.~:Std. D1:1v:/Avg:)forthe standards inject,e4shouldJ,!" I!O ~!_er,_tj:lan 0.4%. · 

: :~~ ;_:n•;::~ fT_he time'foia si~ifibarit b~iine de:flecti~n aftefinj~oii'forth:e-i's:cm SB-CN 
., ·:,; ,,, ,·I". ·~olumn used'wfth 28%.ACN/7i%' o:!'M ~ci:ticabicfat1':CrmL/niln ai·40°C was 
.:,· l --·· : .• ,..:c;, ;_: typicaliy two minutes. Note 1ihat this; tini'.e is dependent'dn "ihe dy;e!i' tlme ofa specific 

HPLC. The HPI:C system iliaf'generated the data fof this 'report had·a dwell time of 
1

·£.'.:·:-- ,:, !:.,. 4:5 min (dwelrtirne is'defined1in Reference:3)~;-;'~()". 171 :, '-'w ~srt ,'·;\'Jf \._. ;1 
,.._,:,_ .J•l•;,, °;·.•·1 ,f_, .r"' -,•,( ,. ,'l·'• ... •-,.._<'_,,., a- .:,-~·.f"'•"i:""".'·-:-·••t,.~---,,_-. ,.._,:_.._, .. .,"'1 - "· · . ' '• ': ··: Pyrithiobac typically eluted at approxiinately 11·min :from the'SB~CN .column. 

,. . . . - . .- , ·. , • • , , - r .. , • - .... · 

;-;' r :: :_ sir~~-r3 -~thiobac peaks eluting from ~- S~-o/ col?inn ~F- ~!'Pro~~l~ one-minut~ 
. " _ wide at the base of the pealc The mtentofthe column switch 1s to transfer the entire 
'..,;. ::: .~: ,P)'."~~obac peali ~~,C,~l\lllfil I fa.~1~-n~_the:iliiie.~n~ow:~l!St accommodate · 

· ' ·tmsmtenr · 1
.J. " · .. • •-·• · - ·- -· ·· -·' ... t... , • •~ ,.., , 

..~'.)~·•"... . •\•·.,•·(•.•" ~.-..,\l•.:t"'l~·•,:.~t·;'J,--..J··~l-·JU\' i~~,.,.~1·,1\,,;;;.-\t-,:•·/''\· ',,-_'t4~r.-...,:. .,.,.-.,,,_.,..,t,-,/• ~-"f 
• , , ", _. ~.._ -••• ~ ...... ,;3 l ~. \_,J,l. t ~J',i'• ,I,.., , .. >--••• .,.__. \ ,. · \..a; ,. • _, ~• ;J ~- t.• -4.. •- , 

·:: :, ) : ~ :·J'o assure the,~e window is adequate,.the average reteµtio_Jt•~~. ofpyrithiobac 
should be detennined on the SB-CN column before starting the anl!,!ysis ofa sample 

. _. set. Approximately.3Q runs (including ~tandards) can be made before."reevaluating the 
.. ' ,..,~ '. '-~ , a§~gcfretentior time, o.fp~thib~a~' o°''Colunin ~'. ~~-retentioh tiJ1iJ ofpyrithiobac 
' -_-,-, : ";-- ,'. ;'-". ·shc,ul9 be:re~v~luaJed :because i:eteriti9rlp'nJhe;col~ may ·ch~ge sJightly after'..,_ '!.,'-

c:: :,---;,, 
: , ·} 

. . 
'· ,. ' · ;:.- :-':.. >,; .of about 4_5' (le' A4.4) using.the above stated conditions: Note'that the column 

'"I, .,,_,- · • ~ ~ . : I .:· ·r- ·. ~,· . .. ' ' •· · :• '• · 1 • ·-. . , 

·· -· · · · temperature must be maintained at 40°C throughout each'chromatographic
analysis. •Ly- .J.1.-J. ~:: ·) -·-- :~ ..••; _ \--·" ,,....: ·• .... '.•...... · 

' .•_...,. -·- ---~----- -------~------------------..---\",;, ' 

• • tin'• .J.~ .• J '. ~•'•""',... ..,,l_ __,.._, ,._• • . I..! ,, .r !1"\.,,'--' 

-~ :~~~_.1; ~t~~J~.5
~

11 
·- ~~1E~~ ~~i"·i({} ~..--, :.Ll'.!-~i t :r;• ':~~-~' ~~J ~--i-~~ _;! t· t1-.,1.~i:r..'•,~ 

;The mobile phase used. to determine the average_retention•time ofthe standards is 
28% ACN/72% 0.1 M acetic acid at a flow rate of I mL/min.! Using-_this mobile . 
phase composition, typical pyrithiobac peak widths for standards injected are 
normally one minute, depending on the SB-CN column used and the pyrithiobac 
retention time on the SB-CN column. The pyrithiobac standards had a capacity factor 
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• 4.3.2 

• 

4.3.3 

Operating Conditions__ __ _ _ _ 

The following conditions are used to separate pyrithiobac from co-extracted 
compounds (see Figure 2 and :Tables I and 2). A sample is injected into Column I. 
The initial mobile phase concentration is 28% ACN/72%'0.1 M acetic acid at a flow 
rate of 1 ml/min. At the beginning ofthe determined time window (the time window 
is typically about 1().5 to 1 l.5'min fivm the point ofinjection), the valve is switched 
from Position 1 to Position 2 and pyrithiobac is transferred to Column II. At the end 
ofthe time window, the valve' is switched from Position 2 to Position I. The intent of 
this column switch is to transfer the entire pyrithiobac peak from Column I to 
Column II. -

After pyrithiobac is trapped on Column II and the valve is-switched back to 
Position 1, the mobile phase is changed from 28% ACN/72% 0.1 M acetic acid to . 
80% ACN/20% 0.1 M acetic acid, and the flow rate is increased from 1 to 
2.0 mIJmin, to quickly clean off Column I (a 5 min wash). After cleaning Column I, 
the column is conditioneo IO min with 48% ACN/52% 0.1 M acetic acid at · 
2.0 mL/min (through Coliµnn I only). Column I is then reequilibrated at 1.0 mIJmin 
for I min using this mobile phase composition. Following these steps, Column I is in 
the correct mobile:phase to complete the analytical separation on Column II. 

' 
After setting Column I at Column II conditions, the valve is switched to Position 2 to 
elute pyrithiobac from Column II using the 48% ACN/52% 0.1 M acetic acid mobile 
phase. Pyrithiobac elutes from Column II at a retention time ofabout 32 min from the 
start of the run. After pyrithiobac elutes from Column Il, the valve is switched to 
Position I and 28% ACN/72% 0.1 M acetic acid is passed through Column I only at 
2 mIJmin for 5 min. The flow rate is reduced to 1 mIJmin and the system is allowed 
to run for another one minute. At this time, Column I and Column II.are both ready 
for the next injection. A typical chromatogram ofa I00-ng/mL pyrithiobac standard 
showing the events ofthe analysis from injection to the eQd ofthe separation is shown 
in Figure 3. . ' 

Common conditions for the LC/UV method are shown in the following table: 
' . 

Wavelength 254 nm 

Column Temp. 40.0°C -

Injection Volume· 0.100 mL 

Mobile Phase A 100%ACN 

Mobile Phase B 100%, 0:1 M acetic acid 

Mobile Phase C 100% Milli-Q® water 

Calibration Procedures 

"For the data in this report,'the external standard calibration technique was used to 
quantitate the amount ofpyrithiobac sodium in soil samples. A calibration curve was 
generated by plotting the response of the VV detector (254 nm) in peak height versus 
the concentration ofpyrithiobac sodium standards that were injected. A correlation _, 
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coefficient for each plot was detennined. A typical calibration--curve is shown iii ' ) 
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:.:~ . _o, , · -.,,_Bae~ set-~fs~ples ~yztid:for jn~~tigatjo11 ~s,es_sho,µld include at least one 
i::-::·, . ''l , : . ,::: unfortifi,ed sample (a &a;mPJe which matches ~ 7in~esti~tior samples as closely as 

·, , i.:·..,<:;l t ; • . ~ssible1 p.ri:ferably from aµ Ulltreated plot). So~l, preferabl~ fro.m an untreated plot, 
P1 ~ 2, .sho.~d b~/ortifi7'1 wi~ th~pyriJpi~~ !l~~-!ql~~ ley_«:l, ~~-p~rrieq tp.rough the 

procedure to venfy recovery. . Ji. c· , . .:, , 

:, • -. For:the ~ysis,_a s~dards_hould be injec_ted at,!11~--~~g apd end.of an 
::• i::·~ . ;,, ~aU!9!318~, s~e11ce;.~d,aftllr ~ery nv~.U! ~e 5l!_111J:1l~s:;;Stapdards and 

~· .fortifications should be inject~ in order ofin~~s~~-conc!ID~tio~.. ,Ifanalysis is · 
·; - ., , .· delayed; samples should be stored _refrigerated o-,: froz!lll unt;i_l.analys1s. Extracted and 

t · ,,,.. ~ · · - ' •" • · > , ',. •- · > , ' '" - ' ' ' I ,..;:,... . ~ ' •- ' • o 

. ,,, cleaned-u,2 ~pies shout4 be stable for at least.~o V/!le~ if kept refrigerated, and 
• • • .. ··- ... • ' - ·- ..,_ J • • ,.J. __ _, ... •--.,•-•-· -· --

, ,: , j' • -~i; -:.:. •:;for a,t]~~!.!ive.'\Vee~}t,~~t fr.o7;!;11;:,J L-!i..:.::uo .,.~!..'~• _:) r.t.ic,i\1!,, ( 
~ : ~ • • ,_ ;,_r,;r;;: Samples having detector responses for pyritliiobac sodiuni greater'than the highest 

.'·. •- · accompanying standard should be diluted-to·fan withiii.the·range ofstandards and 
,,r --,,:?. · reanal~d.·., ·1"1\' ,.. .::,, , ~ -- ~r...,.,"c'~ ,., T • ,_.,_, .. ,,,,.•,·~, ··, ·,
v.J ... , •• .,. .:. • i- ........ _ ••• ~ ._ •• , .• , ••~ J .. - .. .:., •.; ~- ·--'·••-1.~ ... ¥c.;. ., l;j ,._., .t_. . 

( ::~• !.l • ' ,: : ; Sample'analysis'shoulcfbe do'ne;aioutlined'aoove;i·Selected samples'may be analyzed 
:· _.t rr~· .'.: , ,· ; ::by·EC/MS to' confirm the presence or absence of pyrithiooac in soil samples. Please 

- •" :,:'_': '~,'-_:···s~~~·~~cussio~of;the.~~~-C.~~~~.m~~o~.~·-s~10~
1
4.4~ ofthis report. 
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,___ •.. · .... ~,.. 1 +··· ·"ir·~ ·r\ .-...,..,,r,,.. r,,.,-,1:•'.·• ,t-·•·,:y,-,,.,.._•~- -T ,,:r"'l ..pc:··.,,~ ..-..\~-..... ,.,.·,·4.4· !- "''"Calculations-"·~_ .... .,. .. , ........,.4...,;i ...... ,;,-~., ... , ,,.~ '··- •·--·-.,} l.-·,1 · .~ .....- _J..-__ li. 

. "{.~••~·•• ; ·: •.. ,J j (.; /,.._, '!. '"• .,_),\,:. , , •.:-c ~ i_'.•"".(l, t' :J '. ••::i.1 ,;: , { ~ ! \ .~'tfJ.0tf..n :•.•.~t: ~h·"".; [' ~•,.' _•.:\ ~ ;1,°t_ • _; •::? 
T-.;"•4· ;4·•·1· 1 ,. -~- \ ;1"'.:/ :i._;;~c,\- :·:<' -~-r i; -~.:; ,"'1_.:; ,l;"':r"f;:.-:r;,:;;J~ :~-~lrr~ A . .r,n;'?:;'.);~1:, J "':::: ~~ ......:ii 

. . . ,.,etrw= , . . - " . , .. I . .tr:.""·~ 1 i:.-·.•' .:; •• .-...~ - ., ... _. . ,;.i1 ·-·~ . r c ...t 0 ·1 J:;~ 1.... •·i:•· .,. r .:;~,~ (:-<:..· ~-r!-;· ; ~-t."":"z·, .·. .,_ •·, _.,r. -~-~ · -~ 
Quantitatiori of the amount 6fpyrithiobac sodium found in extracted soils was done 
by using ex~ standards. I_(nown p)':tithiobac con~,;,.trations (lig/~) and . 

:>cl:'z .responses '(in'peak:'heighf or'.area) from these standards wehi'l1sed to 'generate a linear 
least squares fi~. The equation for the best fit is y_=: '!.IX::': IJ, _where y is the peak 
height or area, xis the amount ofpyrithiobac found in ng/mL, mis the slope ofthe 
line, and b is the y axis (ordinate) intercept. Th'e solution to the equation for this line 
gives the concentration ofpyr.ithiobac found.in·rigi'rilL.as.aJi.m,ction ofthe peak height 

; i , , ; , '" . . Concentration found, ng / !DL.• = J == (y - b) / m 
-..,. __.....,,._ ~, •• !.t_. !.),·.VJ _,,,..,,..,_ ,,, I.'. •·J. 

-, · .,,-,.,s,-...,_ ~!:'-1'< ~."':r:·r •~ ""'f ,,,. ·~ T -"--..' .·~ 
The following calculation was used to detennine·the ppb pyrithiobac sodium found 

~--- -- --- ... -- ------- ___,. ·-•·-----·-----------11.,. 
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or area: 

• 
for each control and treated sample: 
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• The following equation was us~ to calculate the fortification level in ppb: 

F .......:~--,· I l b ; l.ooo((Volume ofstandard, mL)(Concenfration ofstandar~ µg / mL))Onu~tion eve , pp =· . . 
. . . . . .· , . ·_. · . .. . . · .· S~lewe1~t, g . · .. 

The following equation was used to calculate percent recovery for fortified samples: 

oL Ri .·100( .. ppb Found . . J 
70 

ecovery = .. Fortificati~ level, ppb , 

·4.4.2 Examples , . . 
. For a 1.0-ppb fortified soil sample (Spike 2 ofData Sheet Number 5 in Appendix ill), 

the concentration found was l.lxl01 nglmL (ro1mded to two $ignificant figures). The 
ppb found was calculated as follows: . · •· · . · 

• 4 • • 

· · (1.lxl01 ng/mL)l.OmLXl) · · · 
ppb found= · - = 1.1 ppb 

. 10.0 g · . · , · 

(ppb values are rounded to two significant figures in Table 3 ofthis i'epon) 

• For.this sample~ th~(p~nt)recov~ found w3:5 calculated as follows: 
· ·· · . ll ppb . 

% Recovery= 100 1.. = 11 l
10 ppu · 

, , ' 
.(pen:ent ~eries are ~w;uied to the nearest whol~ number in Table 3 ofthis ieport, without rounding
the.concentration orppb found) 

• 
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• 5.3 Modifications or Special Precautions 

Low pressure mixing LC instruments that use a proportioning valve to mix solvents 
may not be adequate for this method. Therefore, the mobile phases may need to be 
premixed. The need for premixing is determined by unstable retention times, or 
baseline fluctuations during the gradient. Mobile phases should be degassed, 
particularly when low pressure mixing systems are used. 

Do not use a-cyano guard column. Column-to-column reproducibility for pyrithiobac 
sodium has been found to be unacceptable. A Zorbax® cyano guard column usually 
increases peak width and generates poor peak shape for pyrithiobac sodium. 

5.4 · Method Ruggedness 

5.4.1 . Stability and Ruggedness Testing . 

The stability ofpyrithiobac sodium in standards and extracts has been stated in the 
respective _sections of this report. The stability ofreagents use<l in this method have 
also been stated. 

Several variables were explored to establish the ruggedness of this method from 
sample extraction through column-switching LC/UV analysis. A variety of soil types 
were extracted and purified by multiple analysts. 

• Several soil textures were successfully.extracted using the ASE™ 200: sand; sandy 
clay; sandy loam; silt loam; loamy sand; and loam soils. Soils having up to 78% silt 
were extracted without plugging by ntixing the soil with silica gel. Soils having up to 
21 % clay were also successfully extracted using this method. All soils tested were 
successfully canied through this procedure. _ . 

Soils were mixed with silica gel as explained in this method and carried through the 
extraction. Addition ofsilica is important to prevent plugging ofthe extraction cell 

. which would otherwise occur. The most likely cause ofthe plugging is the silt being• 
, compacted in the extractor .. 

Ionic strength in the extracts from different soils using subcritical water extraction 
varies. ENVI-Carb is an ion-exchange packing used in the clean-up step for this 
method that could be overloaded atspecific ionic strengths causing the method to fail. 
Two grams ofENVI-Carb packing are more than adequate to acco=odate this ionic 
strength variability. 

The time window for the column-switching LC/UV analysis in this method is one 
minute. This window is wide enough to allow variability in pyrithiobac sodium's 
retention time. Approximately 30 samples, including standards, <;an be analyzed 
before a new time window should be established. 

-
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• 5.4.2 Specificity/Potential Interference. ,_· '. ,:-~,~- .': _, ·c"_~· ,. ,·_ ·::__: -'.· <:·-c:~,,'._\, · ~..7 
r · • ..· · .. ...:,'. Due to the-selective nature of the subcritical water extraction, ion-exchange clean-up 
r,: ,_ ·. ~, :. :. , using graphitized carbon,:and column-switching liquid chromatography, interference 

. , . '.:, -·, in this method is.less tbah the MDL at the retention time ofpyrithiobac. 
:~_ .•.•. -·- • · .............. ,1.-, ••Lr.,-•.,<,,.: -·.,,,:r-·-t-, . .,.·._.".'-·· ·..... -,·-~•

"· · ·" · If interference in an-unfortified 'control is suspect, ·the'confirinat<iry LC/MS method 
discussed in the following section may be performeci · Tlie confirmaiory method 

t: ._::; · · \ :; :-; · significantly reduces interference.potentiatdue,to_the ~s selective.nature ofthe 
,-. --.~... t·~-- ·detector·-~,,.-1-:_ ~·---~-\-.,-:-~---..... --r~ .. .✓••.• , ..._ ..- •,:, "-rtt~r,.,..,,t .. 
\' • I. ., · _•4 _ , .•,,i ,.:>,,:\ "'"· • ..J,.\!- ,... J.•. 1,.,, ·-. ·,1 . ~ _..,., __ •.• ~.' .. ,,.,._.,,. 

..it ... :.:-:.-;~..'';. l.JL "·j·, (.j' 1-:~ ~> !:."-:: -~ ~: '"-: •_: • <': -~-;:_,:;. ~: L<..-3~ .... ;\· .. ,~ -~ ,. : \.~~- -~•£:. 
5.4.3 LC/MS Confirmatory Methods _ _ .... _ 

Liquid chromatography interfaced with mass spectrometry (LC/MS)'einploying both 
thermospray (TSP) and electrospray (ESI) modes of ionization on a single quadrupole. 
instrument were successfully used for analysis ofpyrithiobac sodium residues in: soil. 

:-- ·: -,·, LJTSP-LqMS wa_s Qriginally employed sin"e it was.an establi~hed-t,;:chnique for 
~ : , r.. , • . analysis ofpyrithioba<; in:water (Refet'ep.ce 8). Con<!,itions foi: analysis using ESI

LC/MS were developed due to the increased popularity and avail_al:>iJity ofinstruments 
· , . , designed with electrospray ionization. Standard solutions and sample extracts are 

_,,_,_~,_-;-_ prepaieci'asdescriberlforLC/UVanalysis:·' , . .-,~-- · :,•,. ·: .. 
;:,.";,. r. lri...~_!.c,,· .. ·~ ,· .!. ,; ..r. ,;'.-....:.... ',,..:f_:,,:,\.'1 ·' . .....;·~•1.• 'L]'i~4-)~· ... --•.··:·J ~,r.~~•-~.~-:.~~:~.1:,;1; 

· • · Details ofthe procedures for the. analysis ofpyrithiobac s~c!ium i,n ~oil are contained -
• • in Appendjx 4. For either appro~h, the instrument was operated using selected ion 

_\':_; ·,·,: ·:~·,; :monito~g (SIM) tor ionsofin~s/cbarge'iatios (mh:1 of-~?? and 329·with a 0.6 amu 
· • · ·. · · . window and the.instrument in positive ion mode: ·Selection ofthese ions was based · • ,.· :..• ~ ."., .• : . up__on the mass·spectrum generated during the method deveiopment process with the 

· " :,., - . · ' 'instrument in 'scanning mode,· Tlie spectfum generat~ by ESI-LC/MS for pyrithiobac 
is shown in Figure 8. TSP-LC/MS also yielded m/z 327·as the base peak. Toe 

-·'.·• c':-'· · _ : ':-,spectrilm generatedby TSP-LC/MS.is shown'in Reference 8., Toe ions selected are 
: c· those resulting frolll protonation of the acid ofpyrithiobac sodium.. Toe ratio ofion 

7c ·.:d .< ~ · ·, ·aeund;mc~ for329/327~s .characteristic ofa molecule containing one chlorine atom 
and can be used to confirm the identity of a peak eluting at the pyrithiobac retention . ' , 

- :•, ._,··-· ·-f.t:J.tne., .. •~ _... :. · \~ • . ., .. ,, ··-,:1 • 'i.;•r1r --~7 ... ~~ -·~·,-.--:>,.-·.,.".' -,,~). ';-,·• 
1.,· :.1 .•..• , .... J,:.. ..-. , , : .· __ .:,:_· •• ~ _.~ ~ .....r ..... ~fa,_,,. ...i. J_ ~-'·-'. 1 .•'!,.~i..• ...J .,r · , .. 1 , .....~. t.u ;,).. _, ._. ;,. 

• ·_;, ,, ,..: Chromatography and mass specl!'Ometry conditions for TSP analysis are similar to 
_;_:. · , : ,: . ,•. • 1 those contained in Reference 8, are contained inAppendix 4:and summariz.ed below. 

__,,;.,._ •i ·· j:··L ·, --:f ... ._, ',, ,""1{·"' i t ~ "'. "1:_·" ,...., .~.:... -~ LJ:~(~1 .:,.-'T_j.-t/ :-•r.r;~ •1f ·: J ~.:;;_. • -,:'"'->• r. ··;; _.# •: ,·'TI-'•-•'.°" • >1. 1 ' - ·"" . .,a... - ..... - , . "' . •. - ..... ·•-. +..... ,,... ·- ·-"- 1,..• _,. .. , .... ·- ---~. ,_ .... .,. 

"l'J . ; r>- ~i--1• ·- I . l: J:, .,:. :!. ~:- .~. -., ."'' •,n ... "~.. i' ie,J- ~ ~',.. 't1¥•.• .. -~r-."'l"'f ·le·; r, ..{' +" ·)_ '\ ••.,..._�, ... i . ' ---, ~!, ,· ' I'.... (..... ,.L V•-1~ ........ , ,) .. _r~, . ..,.. ..;.tJ~. _,,,_•...,..... , • l ..,_ ,o\Jf.-.,, ··-· ,l• •• 1. .• 

r,·j_.,,,\.· ·--~ .,.- :· _.. .- ...:-•L·;-,1-·.. .,_f;,.:"2J.·~2nc_~:.'·.~1t/W,I, ,· _:::·•,·i·r ... ·;·:·.*,:.;. 
L·:.:.: ~;- · .. 1 ··:?'! .,.,, .•· , ."):.~·... -~ ~:,:ji)/;·~.:...:i ~H. ,ii j:t,j.·.:: ._, •. (- --..-"'i,;~:, ·· ::. /;. . ..:L ~; ;: ,:,-;~ 

. ' ' ,-, ' '• .i.,··;.-5,]t: .-_.• _, ....' ' ' 

•. --~ ________________________.;._________ 
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- TSP-LC/MS HPLC Conditions: 
. 

Column: 4.6 mm x 25 cm, Zorbax® SB-C18 analytical column with 5-µm 
diameter packing 

Column Temperature: .5o.o·c - - . . 

Injection Volume: 0.050 inL - . 

Flow Rate: 0.9mL/min 
. 

Mobile Phase: 48% acetonitrile/52% 0.1 M acetic acid 

Post-column Addition 
Flow: ..Composition: 

0.2-mIJmin. 
0.5 M ammonium acetate 

Pyrithiobac has a retention time of approximately 9 minutes (to A2.5 min). The total 
run time for one sample is 20 minutes. The HPLC column should be conditioned 
daily with 90% acetonitrile/10% Milli-Q® water to clean the column and 
reequilibrated with the mobile phase·before analysis. 

TSP-LC/MS Mass"Spectrometer Conditions: 

• 
Ionization Mode: ·-

..
filament off; discharge off 

Ions Monitored: m/z 326.9 ± 0.3 amu 
m/z 328.9 :I:. 0.3 amu 

Scan Length ..2seconds ·, 
Electrospray Voltage: . 3.9kV 

Electron Multiplier Voltage: 1400-3000 V, established daily 

Tempetatutes: 
. 

probe: ss-100°c, established daily 
source: 200°C .
manifold: 10°c 

. 

Optimal chromatographic conditions ·for ESI-LC/MS differ from those for TSP · 
analysis. HPLGand MS conditions for ESI-LC/MS are summariz.ed below. 

ESI-LC/MS HPLC Conditions: 

Column: . 3.0 mm i.d. x 25 cm, Zorbax® SB-CJ 8 analytical column with 
5-µm diameter packing 

Column Temperature: so.o•c 

Injection Volume: 0.J00mL 

Flow Rate: 0.4mL/min• 
Mobile Phase: 48% acetonitrile/52% 0.1 M acetic acid 

.• 
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. The retention time ofpyrithiobac.sodium;isapproximately9.5 minutes·~the total nm ' 
• ; •• ·: 

1 
_.. •.. : ·;·, ; time·is 14 minutes (wh.ere th~,to·A 2 .~Jl!lllUtes);· The HPLC column should be 

_._,,..1 ,,. . ), · · •-'-'· · .. -\1. ~ -· • ' _.,, . . . . ' • . . • ' . • ' 
t conditioned daily with 90% ~toni4'ile/l0% Milli-Q® water to clean the column and 
~ ~- ·~,.·, · ~- -reequilibrated-witb the mobile phase before analysis. •, .... ·• -. - - - -· • 
' •. . • . • - . . . :. ·' \ .-.J(· . ::.. , :-:-:.-...:·I ' ;JC' l 
:·-·- ---·ESI-LC/MS Mass-Spectrometer Conditions:~;,_,.. --· -· -. :··· • -· · •·· · • · ' ) •rr•• · •\ • •.. ,., I 

,- ft '°_... --·- Ions Monitored:~· ! · - ~--. ...... · -~-- .·m:,.;·327.0:t:0.3·amu ·:~·-·--~--; ·__ __;_· . 
. . ' ,,:..,·m/z'329.0 :t: 0.3 amu :c.. • ~,~:- · !

l----..,....,.- _ .. - --,,.,. "'...... ··---.~- -~-~~«:"· ~·,_-~i.-~-- ... -: . ~-· - - -- •·· .. .. ... · - - ·.- ... -

. .,..... .. ... ,.,,,._,V • 1> • .._.,.._,.._: • •_. • : ' .~J . !\\., •. • ' L . !. . ,. , ,• . .. . ..... .... . ' 

J•" . ~ - ,,, "f. ~ .., . .,; • ·• . . • ..., f•~ · •, , ::--. . . ~..- i.. !.,~ - .... . , 10, • ... , •.• , t. 

Since the electrospray interface is·optimal at'fow'flow rates, thiHiPLC flow is split 
post-column such that only.90 µL/niin actually P¥Ses thtoug!l the interface 

,. ) th . d . . . , ··--- ·-, · --~ -(-4;44:I· sp11t: ~:remam er·gomgtowaste:- ·- · --:;::: ,·-::.: ~.:- :· · . 

r·---- --- -Quantitatiori•f~r-·.bo~·LGiMs.:_~~o~ isfrqm·lineaI"re~ssi9n ~f;eJ areas for 
external standards. Calculations detailed for the column-switching LC/UV method 

• "apply (see Section 4.4).-Typical.,calibration curves forthennospray and electrospra:y-•--•··· ·-•-

L.._~·--. L.CMS~~~!l!_ods_a.re ~'1.o~ in Figtl!~ ~~JO, re~vely_.- !J~ugh the linear . 
j dynamic range for MS detection was not as great as·for UV, adequate linearity was 
t '-·- ·-----di' la ed over·the.ran e of5 ng/mL to·l00 ng/ml; 'tbiobac sodiwp;r • 
j sp y .. - . - ... . g ~· . . . . . PY'.r!.. , . . .--~· .·.. 
t---- ··- ·- --~ 
' 

L_,...__.,,;......... _._ 

• _

l- ... --
~ 

· ... , · fr :·~s :~:~}. •( :-:. 
Irr-: _;,-~•. • 

•.,,_ \ • 1 " 

•,, 

Seanl.ength:" ',4> • ._ .... . · ., .,.. ·.. ,.. .. ·. ·. 2·secon<h . . · · - · ..:. ,•.:·. ·•· . 
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• The MDL for pyrithiobac sodium in soil by LC/MS was estimated to be 0.4 ppb using · 
the same evaluation technique as used for LC/UV data (see Section 5.1.5). · Estimated 
MDL values should be determined by each Jab using this method. ln the case of 
LC/MS, the MDL might need to be routinely assessed ifresponses change 
significantly from day to day. 

MS detection is inherently more difficult and less stable than UV detection. MS 
detection requires skilled operation ofthe mass spectrom~ter. Day.to-day and nm-to
run variation in instrument performance can complicate instrument settings and create 
variable method detection limits. For these reasons, LC/MS analysis should be 
reserved for those cases where confirmation ofLC/UV results is desired or matrix 
interference is present. The mass spectrometer is a very selective detector, and 
monitoring two ions ofthe aoalyte at pyrithiobac's retention time provides positive 
identification .. 

• 

• 
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TABLE1 - TYPICAL COLUMN-SWITCHING TIMING SEQUENCE FOR SWITCHING VALVE · 

# Time (inin.) ·-· Event Function Explanation 

I 0.00 Event 3 On Start run through Column I only ' : 
2 0.00 Event4 Off 

3 10.49 Event4 On Start column switch; pyrithiobac is tiansferred 

4 10.49 Event 3 -Off '."I 

5. , 11.49 Event3 On End column switch; Clean Column I 

6 11.49. · Event4 Off 

7 23.00 .. Event4 On. Start analyiical separation on Column II 

8 23.00 . Event3 Off 
··- ' 9 35.90 · Event3 On · Set Column I to initial condiiions 

. 

10 35.90 - · Event4 Off 

The WateIS pwnp control module has four external contact closure (1TL to GND) events that are activated using the Millenniwn 
2010 software. The values ofEvent 3 and Event 4 (on and offtimes) control the Valeo coltunn switching valve: Event 3 off, 
Event 4 on= valve in Position I; Event 3 on, Event 4 off= valve in Position 2 •.The Valeo valve wiring is booked up in the ·, 
following way to the pwnp control modu)e: red coated wire to Event 3, black-<:oated wire to Event 4, and green-<:aated wire to a 
Waters 12 V power supply negative position. Ifboth events are turned on at the same time, the valve continues to rotate; 
therefore, flow through the system stops. . · 

, . 

• 
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TABLE 2 ,. . . _., .· . _·• .. . . . ,. - -. • • • -- .. • • . • - • , - . -• • _. , - 1 

TYPICAL'TIMES AND VALUES. OF MOBILE .PHASE'MIXING AND FLOW RATE 
USING THE WATERS PUMP CONTROL MODULE _____._...,_ 

•·. 
� 

, .~;-' I t 
. 

- --.... -- ------- - -
~ .... . - - . -- . 

. .Time Flow ' Curve ". --- " 
# (min) '(ml/min) %A %B %C !~[.Type -t /-, .:: Explanation i:. 

0.00' 1.00::... 28.0 72.0 '-,0.0 ,C- 0 Start analysis~n Column I only ~ 

2 13.00 2.00 80.0 20.0 o.o ~~ll Clean off.Column I 0. I• 

3 17.00 2.00 · : ._• -::i C.,. 48.0 . ' ..• "52.0 --:. ..1: ..:0.0 ;,:) I I Set Column I to Column II cond. ~ 

4 22.00 .. 1.00 :48.0 52.0 o.o ·-;c')ll. · Set proper flow nue for analysis t 

5 36.00 ··2.00 :"!~28.0.,· -~-0 .. ··o.o ;011 Set Column I at "iiiiiial cond. _. 7~ 

6 4S.00 1.00 28.0 72.0 0.0 - ::·)11 .. Sei iit ininal flow rate " ....~. 
j .... ' 

Curve Type O on the Waters HPLC systein is the starting condition for the analysis. Curve Tr.po_ 11 on the Waters HPLC ' 
system is a step gradient that begins at"the specified time. Mobile phases A, B, and C are I 00% ACN and 100% 0. I M •.. 
aceticacidandMilli-Q®water,respectively. · · ··' ·, ·-·- ·. ·· " --- '" ., - . -· ,_., - ---- ------. -·- -~ . - ___ .... _,. __ . - ----·-

• - .. ,, • .J •. ,,:• !· ... ~··'•,)· --~·-,:,,..r·•·~-;" ,:.., ,.:1:·J·:~· ,ot· :.. t 

_, ,,- !.,.. , 1 l '
1

' / -~ .':-; _,_;!'' • •. ~..,_:,, / 

. - •, ·'.·..1. r~•. -J• , , ,'·_r.;:•:y,-, :·.··'J.'t'-, ·1---: ,,· : ... •,10! - :'...• ...... - . ··,. );":... ~ ..... ,··~,-,• ., ·,,:,.-, ·!. ,\'i.t::~1:.i.rr.·;·,.:-:rJ.:J:r~_:..;!\,:.,~~-••,.-v1-'/~ 1·,1. •,': 
...-::; ·;.tr.··, (,_ :~. ;; .· .:·~v 'rA. • 

.\ 
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- FIGURE 1 
FLOW DIAGRAM OF THE ANALYTICAL METHOD FOR THE DETERMINATION OF 
PVRITHIOBAC SODIUM EXTRACTED FROM SOIL 

Soil sample mixed with silica ~ .. 

Extract with subcritical water. 

, 
Extracted soil and Aqueous extract . 
silica to waste . 

Graphitized carbon . 
column clean-up · 

' . . 

Wash solutions to waste Pyrithiobac fraction . 

• , ' . ~ 

LC/UV or LC/MS iuia.J.ysis· 
;' 

... . ' - •·· 

. ' 
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APPENDIX 1 
STRUCTURE AND PHYSICOCHEMICAL PROPERTIES OF PYRITHIOBAC SODIUM 

.' 

DPX-PE350 

Bates (see Reference 4) µas determined the following physico-chemical properties for DPX-
PE350: . . . . - . -. . ... - - -. -

Melting Point: 233.8-234.2°C- Solubility: 

Water 728 g/L . --- ·-·. 

Methanol _ 270g/L 

Acetone 812mg/L 

Acetonitrile: 347mg/L 

Partition Coefficient, 
n-octanol/pH 7 water:__ 0.14 

Dissociation constant, pK.a 2.34 

-
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-
APPENDIX4 
LC/MS CONFIRMATORY METHODS 

\' .. -· ' . 

TSP-LC/MS Method for Pyrithiobac Sodium in Soil 
ESI-LC/MS Method for Pyrithiobac Sodium in Soil 

• 
' , . 

,, . 

, .·•· 

• 
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• TSP-LC/MS METHOD FOR PYRITHIOBAC SODIUM IN SOIL 

1.0 INTRODUCTION 

Liquid chromatography interfaced with mass spectrometry (LC/MS) employing 
thermospray (TSP) ionization on a single quadrupole instrument is descn'bed for the 
quantitative analysis ofpyrithiobac sodium.residues in soil at levels down to 1 ppb. 
This method was a natural extension ofa previously established TSP-LC/MS method · 
for analysis of the same active ingredient in water (Reference 8). Standard solutions 
and soil extracts are prepared as described for column-switching LC/UV analysis 
within the body of this report.- . • • -· . , . . 

The instrument was operated.using selected ion monitoring (SIM) for io~ of · , 

• 

, mass/charge ratios (m/z) of 327 and 329 with a 0.6 amil window and the instrument in 
positive ion mode. The ion selection was based upon the mass spectrum generated 
during the n;tethod development process with the instrument in scanning mode. The 
spec_trum generated by TSP-LC/MS yielded m/z 327 as the base peak with m/z 329 at 
approximately 30% abundance; pyrithiobac's spectrum is shown in Reference 8. The 
ions selected are those resulting from protonation of the acid ofpyrithiobac sodium. 
The ratio of ion abundance for 329/327 is characteristic ofa molecule containing one 
chlorine atom and can be used to confmn the identity ofa peak eluting at the 
pyrithiobac retention time . 

2.0 EQUIPMENT AND REAGENTS 

2.1 Equipment 
Equivalent equipment may be substituted unless otherwise indicated. Note any 
specification in the following descriptions before malting substitutions. Substitutions 
should be made only if equivalency/suitability bas been verified with acceptable 
control and fortification recovery data. 

HPLC system ·- Minimum requirements for the HPLC system include an 
autosampler, column oven, a pumping system capable ofmixing three solvents with a 
minimum ofpulsing, a pulse-dampened pump for post-column addition, and a high- ' 
press~_s~tchi!}g valve tQ allow the HPLC effluent to be directed to the MS or to 
waste (the latter is included with the TSP interface accompanying the MS system 
below). Low-volume pump heads on low-pressure mixing systems with pulse
dampening or high-pressure mixing systems generally will produce the desired level 
ofperformance. 

• Waters Model 616 HPLC pump modtile (Waters Cozp., Milford, Mass.) 

• Waters Model 717 autosampler equipped with a 250-µL syringe, temperature 

• 
control module and column heater (Waters Cozp.) · 

. .. .. 
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- • Post column addition pump: Kratos/ ABI Spectroflow model 400 HPLC pump 
(Bodman Industries, Aston, PA) with SSI model LP-21 pulse dampener #20-0218 
(Rainin Instrument Co:, Inc., Woburn, Mass.) · 

-• Low dead-volume in-line solvent filters: 1.5 mm i.d., 0.5-µm filter,# 7315-010; 
3.0_mm i.d;, 0.5-µm filter, #7335-010 (Rainin bistrument Co., Inc.). Note that the 
low dead volume in-line solvent filter should be used to prevent post-column band 
broadening; a larger internal diameter pre-column filter wa~ used immediately 
following the post-column addition pump. · 

' 
• HPLC Column: 4.6 mm x 250 nmi Zorbax® SB-Cl8, 5-µm particles, #880975-

902 (Mac~Mod Analytical, Inc., Chadds Ford, Pei;m.). Do not substitute. 

MS System - Minimum requirements are a single stage quadrupole instrument with a 
thennospray sourcefmterface. Vendor software provides control of~th the MS and 
the HPLC systems. · · · --

• Finnigan model SSQ7000 single-stage quadrupole MS with thermospray (TSP2) 
source/interface (Finnigaii MAT, San Jose, Calif.) · 

• I04°Grefiigerated vapor trap, #RVT4014, Cryocool liquid #SCCI (Savant · 
Instruments, Inc., Farmingdale, N.Y.) and 4-L glass vessel adapted for use with 
Finnigan TSP exhaust system and Savant vapor trap . 

• 
Mobile Phase Filtration Apparatus - 0.45-µm pore, 47 mm diameter, Type HA 
filters, #HATF 047 00 with vacuum filter apparatus consisting ofa glass filter holder, 
#XX1004700, a ground glass base with stopper, #XX1004702, a funnel cover, 
#XX2504754, and a 1-L filter flask, #XX1004705 (Millipore Corp.) . 

2.2 Reagents 
Equivalent reagents may be substituted for those listed below. To determine if 
substituted reagent iropuriti~s interfere with pyrithiobac, appropriate amounts ofthe 
solvents should be injected into the HPLC using the chromatographic conditions 
specified in this appendix. · 

Water - Deionized water passed through a Milli-Q® UV Plus water purification 
system #ZD60 115 UV (Millipore Corp.) -- ' 

- Acetonitrile (ACN) - EM Omni Solv®, HPLC-grade acetonitrile, #AX0142-l (EM 
Science, Gibbstown, N.J.) 

Acetic Acid - Baker Analyzed glacial acetic acid, #9524-00 (J. T. Balcer, Inc., -
Phillipsburg, N.J.) 

Ammonium Acetate (CH3CO2Nl4) - Baker Analyzed Reagent®, reagent-grade 
ammonium acetate #0559-08 '(J, :r. Baker, Inc.) 

Pyrithiobac Sodium (DPX-PE350, KIH-2031) - Reference.substance used for HPLC 

• 
analysis: analytical standard grade DPX-PE350, Lot #4, 98.7% pure (prepared by 
Kumiai/lhara Chemical Co. for DuPont Agricultural Products, Global Technology 
Division, E. I. du Pont de Nemours and Company) · 

. . . 
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,. ,.. .,. . . . '). ' .METHODS-;._-..·.. 
C ~ • ._ • ' •· • ! • ' , ·-. 

{. . . .,.. .., .. ...•.··,_ 

c, !, 

3.1 Glassware tznd Equipment Cleaning 
. ' _. CHassware and extraction cells should be scrubbed by bi-iish witli ~ soap solution, 
·, !insed two to five tnnes with water, and rinsed with acetone or other suitable solvents. •.. 

~--· 
\, 

• Distilled or deionized water may be added to the rinse sequence. · Glassware is 
air-dried.' · ;. ·· · · · . ., •. :• _· · '· · :·. 1_ ·.- .•, _. ' •. • • ·_·_:' 

! . '-- . J- . 

. ·:.1.2 · . ·Preparation o/Solutions ,_. , : :·' . ·, ;1 · :; · :. : •• • ,'. .• :• 

0.10 MAcetic Acid a Pipet 2.85 rilL ofglacia!'acetic acid irito. 1-L graduated cylinder 
_,..:. , . and bring to 1-L final volume.with Milli-Q® water. Prepare weekly ... 

• • • • , • ! ' ·• • • •• • '" ,;. J J : :. ' ': - ., • • ~- ,._ i•• - ' 

·' HPLC Eluents - Eluent A: 100% acetonitrile; Eluent B: 100% 0.10 M acetic acid, 
Eluent C: 100% Milli-Q® water: Mobile P,hases should be thoroughly degassed 
daily; this is accomplished with the Waters system described here by sparging with 

.. . helium. Components may be premixed at a ~o of48% Eluent A and 52% Eluent B 
for use through asingle pump channel, but then heliuin sparging should be minimized 

.. r , . ,: to avoid altering the mobile phase composition. Repla~ aqueous eluents weekly. 
·' .. ' 

· 0.5 Mammonium acetate - Dissolve 19.27 g ammonium acetate in approximately 
400 mL ofMii!i-Q® water. Use a 500-ml graduated cylinder and bring to 500-mL 

· . ·, - final volume with Milli-Q® water. Filter through a 0.45-µm type HV filter. Prepare • ,, 
-weekly. ·.. ·,~ ·.,··. •. · .,, -..' • ,, • .t -'' 

' 3.3 Preparation andStability o/Standard_Solutio~ · .. -
Standard solutions are prepared as detailed in the body ofthis report. They are stored 
refrigeratect ifLC/MS analysis is to be delayed. . . .. . · ,, · 

- ,: ... ·, ) .• f ·- '.,•·;.. ' .... ,, •· ·,:!-
· · 3.4 ". 'Preparation ofSample Extracts .. 

;~samples·are extracted as for.LC/UV analysis following the procedures detailed in the 
body ofthis report. Samples are stable for at least two weeks ifstored refrigerated. 

. .. ·.• ~ · •1·r_·;· .. •..._ •...·~, ...., .· ,'. _, , 

3.5 Fortijicationo/Samples _; • :i •!'. J J. :: .. 

. , ; , . Fortifications ofsoil with pyrithiobac ~cxµum are performed following the procedures 
· detailed in the body ofthis report: · · _; . . · '_-· : : : .'. . 

• • • ~ 4' \ ...... " • ~ ... -

3.6,. Chroinato'g;,aphy · · ··. ~ · - ·. · . .-. ·' ·. :~ - · · • ·. :.i • · 

Minimum requirements ofthe HPLC system are descn~ in the Equipment section 
above. For thermospray ionization. the chromatographic system and the post-column 
addition pump used for ammC>nium acetate in~c:luction should be designed to 

,.., , .. .~ ' minirnj7;';! pressure pulsing by the pumps, as pre~e pulsing increases baseline noise 
" I•' I... ' . • in th'< iriass ·spectrometer. Low dead:.volume 0.5-µm filters are placed in-line 

• 
•: ' l ,·· · follo'IVing the LC'and ~e post-column.addition punip'to reduce the chance of 

. particulates (from pump seals, for example) entering the thermospray probe ofthe 
MS. Chromatography conditions for TSP-LC/MS analysis are i:he same as those ... 

..... ........ _ .... ··--•-· ~- ... ~---- """'!"'"~ . •' 

76 



DuPont Report No. AMR 2745-93 
Revision No. 1 

- . developed for analysis ofpyrithiobac sodium in water (Reference 8); this is an 
isocratic reversed-phase analysis on a Cl8 column designed for use .with low-pH 
mobile phases; Conditions used for analysis are summarized below. 

. . 
HPLC Conditions: 

Column: 4.6 mm x 25 cm, Zorbax® SB-Cl8 analytical column with 
5-pm diameter packing 

Column Temperature: .. so.o•c 
Injection Volume: O.OSOmL . ' 
Flow Rate: 0.9mL/min 

' 

Mobile Phase : 48% acetonitrile/52% 0.1 M acetic acid 

Post-col~ Addition .. 
Flow: 
Composition: ' 

0.2mL/min. 
O.S M ammonium acetate 

'" ·~ ,. 

.. ' ·. 

· · Pyrithiobac had a retention time ofapproximately 9 minutes (to A2.5 min). The total 
run time for one sample was 20 minutes. • The HPLC column should be conditioned 
daily with 90% acetonitrile/10% Milli-Q® water to clean the polumn and 
reequilibrated with _the mobile phase before analysis. Use of a guard column is 
optional; ifused, retention times will be slightly longer but will require no change in - operating parameters. , . 

A UV detector set at 254 nm may be included in the LC/MS system ( either substituted 
for the MS detector or placed in-line preceding the MS) in order to monitor HPLC 
performance. The 0.0100-µg/mL pyrithiobac sodium standard specified in this 

·method should produce a significant response (approximately 20:1 signal-to-noise), 
allowing evaluation oJ r~tention time and peak shape. Ifmonitoring is desired, a 
variable-UV rather than diode array detector is suggested to provide adequate · 
sensitivity, and a high pressure flow cell is desired if the detector is in~line with the . 
MS. . 

3.7 Mass Spectrometry 
The minimum specifications for the MS system are described in the Equipment 
section above. Effluent from a post-column addition pump is combined with that 
from the HPLC by way ofa stainless steel low-dead-volume mixing tee. Ammonium 
acetate is added post-column to provide a proton source for ionization of the sample 
in the mass spectrometer without affecting the chromatographic separation. The mass 
spectmmeter has a high-pressure switching valye which permits the effluent from the 
·HPLC and post-column addition pump to be diverted from the mass spectrometer to 
waste. The flow is diverted for approximately the f"irst five minutes ofeach 
chromatographic run to avoid introducing unn~essiµy sample material to the MS. 

• 
This still allows adequate time for the TSP-LC/MS system to equilibrate before the 
pyrithiobac peak elutes. 

7.7 
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- ' ·• '' ' The conditi~~ outliried below are repre~tative ~ftliose·~ed for.the particular . 
· instrument upop which this metho~ was developed and evaluated. . '· · 

' ~ • • - , .. • w • , , , •" • _ _._- ·;:. , • ·1 • . 

Mass Spectrometer Condi_tions: ·- ., ..,. . _. • '·.· ·•1 

- -· - ·---

I .. 
l 

. 
: 

. 

I 
•--·-•·· . 

1 ----
I 
' - -- ... --- . 
I 
1___ --- ·-- - . -
' 
' 
.___ __ 

Ionization Mode··- --- .... - - - - '. -positive ionization - . -
-• --- .. -· -··- _,.,. .. ,, . . ' . . ~ent ofr, discbarge off : 

I.. ' . 
Ions Monitored: - ·- . -m/z 326.9 :I: 0.3 amu . - - ··-

m/z 328.9 ±03 amu •·' 
.. ·, ~/·.·:··_ -: : 1 -·- ... __ ...,_ ------· . .. -•· ...... ~ - . . . -- . - - .I 

Scan Length 2seconds' • ; >,. . 
--··· .. .. -· - . -- ... '. . . 

'3.9kV .. . ' .. ,., l;E_!!~spray_y~ua_ge:_. ·- -·. .. . . - - . . . 

1400-3000 V, established daily· ,. ' 
'~ectron Multiplier Voltage: ------- - . .,. --- ··- ... ..,. ... 

Temp_erarutes: 
... - . probe: ~5:1 oo•c, established daily • · , · ·' 

source: ·200°c -:,; ~ ; 
':·.., ,;,: .. ' • manifold: 10°c '. . 

'-- ------ - - - . - - ... .. -· -- -- - .. -- --- ---· . ' - .--

·• 
.

,' ·, --r .,: ,· . 
' . ' . ' 

' ' ':i ::- .. ;1 l 

. 
•. ) -. ~ - . 

'..; .. - ., 
,, ..·•-· .,,

' -- .. 
~-'. • .' l J 

• 
r·. 

' 

-
-

' 

. ;3~8 
. . . 

, ... 

'. '.' '' 

~ •__ 1"" • •'\ .... ,. • '. • - - •• . ... ... ' • . . --

. Many ofthe mass spectrometer conditions were unique for the particular. instrument 
used and varied daily. --MS conditions were established and the instrument tuned 
while directly infusing apyritbiobac sodium solution·of approximately 0.5 µg/mLin 
52% 0.IM acetic acid/48% acetonitrile at 0.9 mL/min (bypassing the HPLCcolumn). 
Ammonium acetate was introduced by the post-column addition pump at 0.2mL/min. 
The instrument was tuned to optimize stability and sensitivity_ ofthe signal for ions of 
mfz. 327 anq 329 by adjusting lens, repeller, quad offset voltages and TSP probe 
temperature.. Calibration at m/z 327 and 329_was checked, and the instrum ent 
recalibrated using standard procedures as needed. The electron multiplier voltagewas 
adjusted such that.tile signal intensity was approximately 106 abundance. 

- .. .... : • • •...,. •. ' ,.. : 1_, ! 

A 0.005.: oi"0.010-µg/mL chromatographic standard should be analyzed pri orto the 
. start ofanalyses to more closely establish the·appropriate electron multipli er voltage 
· setting for the desife.d limits of quantitation and detection. For the system used in this 
method, the electron multiplier voltage was adjusted such that injection ofa 
0.01 O,µg/mL pyritbiobac sodium standard solution yielded a detected peak with an 
area orapproximately 80,000 to 100,000 abundance.· Operating parameters must be 
tailored to the particular instrument used, particularly U:it is to.be an altern ate 

"vendor's instrum~t, and should be checked daily. .... ' . .. •\ -. -· 
~ ,• .. - .t ,·, ':' . -::• ·-. ,.'. ... _, '.. :,r

' ;, C '. '.)· '' J . .. 
Sample Analysis :: . .. . - ... . - . .. . .. : .. , •·- ' .'· -·' 
A standard should be injected at the beginning and end ofan analysis sequ enceand 
after every two to three. samples. Ifanalysis is delayed, samples should be s tored 
refrigerated or frozen until analysis .. Sample extracts should be stable for at least two 
weeks if refrigerated, and for at least five weeks iffrozen. - ·~· -- • 

" ;_ . -- ,-
~ .<' ,, ')' -

. ' ' - . . ' . •' '" ~.1.:f • 'k .. - I ~ ' ' o O •,..' •• - ' -~ ' .,'. :... .. ' '' '1 ..... '· .... _-.·-· .. 

... .. .• 
' 

- -•--··'""' - ..... , ..... ------ .. - -- -- -~ .. - ... ~---- ----·-·, i 
78 



,. ...,, . 
DuPont Report No. AMR 2745-93 
Revision No. 1 

• 3.9 · Colculations 
Quantitation is from linear regression ofpeak areas for external standards•. 
Calculations detailed for the column-switching LC/UV method apply (see Section 3.4 
oftbe report). Adequate linearity over the range of0.005 µg/mL to 0.1 µg/mL 
pyrithiobac sodium with conelation coefficient (R.2) values of0.97 or greater should 
be achievable. 

• 
4.2 . Modifications orSpecial Precaudons . 

The MS detector is extremely sensitive to pressure fluctuations caused by the HPLC 
system. Although the chromatography may be adequate for UV detection as 
evidenced by a stable baseline, periodic baseline fluctuations ~y appear on 
chromatogram$ jrom the MS. In general, the cause can be traced back to poor check 

··valve function due to pump seal wear or gasses in the mobile phase. Maintaining the 
pumping system ofthe_HPLC is critical to the performance o_f the LC/MS system. 

The TSP source/interface relies on an exhaust pump with a cold trap to remove the 
bulk ofthe HPLC effluent introduced into the mass spectrometer. The efficiency of 
the pump and trap greatly affects the response of the MS system. The instrument used 

. for this method deveiopment and evaluation employed a -104°C 4-L capacity cold trap, 
which is able to effectively maintain a stable pressure over the course of 16 to 20 hours 
ofcontinuous operation. Use ofa less effective trapping·system (such as liquid · 
nitrogen or dry ice/acetone) causes the pressure to change over tiI;ne, and thus the 

· instrument response varies. Ifthis is the case, calculations·mustbe based on response 
factors from bracketing $ndar~ in order to account for the degradation in response. .. · 

• • Response Factor= RF= peak area+ c:bromatographic '1andard concentration 

79 



• - .... I' 
- "... , ,_ .,._. DuPont Report No. AMR 2745-93 

' .. Revision No. 1- •· - -

• ', - ..... ' .. ' ·~ 

ESI-LC/MS METHOD FOR PYRITHIOBAC SODIUM·IN SO11.;_-,-:, · - '· 

1.0 . INTRODUCTION·-·i .: ,•.:: - . '·: . •.· : Y·. · · •·:.: ~ ·,:·~ · - , 
''"$~~•,, ,,r, '. ~jI 

LC/MS employing elClcirospray ionization (ESI) on a_ single quadrupole instrument is 
descn"bed for the quantftative analysis ofpyrithiobac sodium ~jdues in soil at levels 
down to 1 ppb. This method was developed to accommodate the popularity of · 
atmospheric pressure ionization (API) instruments and tb,eir greater availability at 
contract and enforcement laboratories. Chromatography is similar to the thermospray 

·~ (fSP) LC/MS method previously described; with the same.ions monitored by the 
mass spec:trom.eter:. Similar0sensitivity has,oeen·demonstrated:.· Standard solutions 

•:t ~ : • -· '· and soil extracts are prepared as, described fof column-switching LC/UV analysis ' ' · · ·.thinth. b d f.thi rt •· · 1 .... , ,. • ... ,.. ., r ....... -· W! e. o yo srepo . ,_ ·. · -·•···' ...... ,.,.,.,, ...• , •., ..•. , . 
.... ~" .. ,·_, ."· •...-, ,•f•, ·,:.· _ ... ,, -1 ... ... · ...... ,.·--·,, •.~ .. ,-: ... -. 

;i , . :J 'f!le instrument ,,'.a(operated using selected ion ~oniforing.(SI_M) forfons of 
· ... mass/charge ratios (m/z) of327 and 329 wi~ a 0.6 an:iu window and the instrument in 

.· , . positive ion Iiiode.' .The io~ selection·~ based'upon the mass specti:iun generated 
,· ; · ·_:: during the methocl. d~elopment prf:?cess with.~e instrument in scanning mode. The 

•
· 1 ·:· . spectrum generated.by ESI-LC/MS yielded_m/z.327asthe base peak with m/z 329 at 

.' . ' approximately' 30% 1:11:iundance; pyrithiobac's specl:!1,Uli is s4own in Figure 6 ofthis 
' report. The ions selected are those resulting from prptoria!ion ofthe acid of .: _., pyrithiobac· sodium. The ratio of ion abundance for 329/327 is characteristic ofa ... 

molecule containing one chlorine atoni and can 1?e ustd to, ~onf"um the identity of a 
peakelutingatthepyrithiobacretentiontime. ·'.·.. I, ~- · .,. ,., · 

2.0 EQUIPMENT AND REAGENT~ 
J. • • '-· -

;·•f~•~;_•. ·-.~ •,·;:-·( · __ r.,~ ..··,• ·' l t'•:,r ,-1"• ·:•·:-·- ··•.\ ; ~ •·· 

2.1 1... : •. Equq,~~ntEquivalentequipment may lie suj>stituted unless Qtb,erwise indicated. 
,, · . . . Note any specification in.the following' descriptions before m,aking substitutions. 

Substitutio115 should.be made only if equivalency/suitiibility has been verified with 
· · · , .. , ac~ptable control ~qlC?f!iticatio~ ~pvery f:U!~: ·__; /' ;--'~ ; ~: , : · · 

. HPLC sy~telll . ; Minimulll requ~ents for P?e HPLC ~y~tem include an 
autosampler, column qven, and a pumping system capable ofmixing 'three solvents 
with a minimum ofpulsing ·1ow-volume piµnp heads-on low~pressure mixing systems 

, . . . with pulse-dampening or.high-pressure mixing systems generally will produce the 
• • I ~ 

. , . c "· , , !1e11~d l~vel.qf pl:l_ifo~ce. - . _ , __ _. ,',.,. , .. r, ... :. : : . .r 

·"., · Waters"model 616 HPLC pump niciduie (Waters Corp., Milford, Mass.) 
. • j : ' •. .• ' • • • •.• i . ., . ' • . . . ' •. 

. , • . . • ', · ~-. ~aters model '.?17 autosampler equipped with a,250-µL syringe, temperature 
, · ·, . control IllOd]!le and column heater; (Waters Cozp,) _. . • 

I j: ,.- ;(} 1~:~·lJi ...,/T.',•.~:•.,,,;,J1 ;,, . .-: .~.;._ .....'. \ ... :~ ..'-i,_ 

.·· .\. 

• 
• Low dead-volume in-line solvent filter: 1.5 mm i.d., 0.5-µm filter,# 7315-010, 

(Rainin Instrument Co., Ilic.) -·-·-• - - - -- --

.... -·-. - . __._ -- - . - . 

• c 
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• • HPLC Column: 3.0 mm ID x 250 mmZorbax® SB-CI8, 5-µrn particles, 
#880975-302 (Mac-Mod Analytical, Inc., Chadds Ford, Penn.). Do not 
substitute. 

MS System - Minimum requirements are a single stage quadrupole instrument with 
an electrospray source/interface. Vendor software provides control ofboth the MS 
and the HPLC systems. . . 

• Finnigan model .SSQ7000 single-stage quadrupole MS with API source/interface 
configured for E$I operation (Finnigan MAT, San Jose, Calif.) 

2.2 Reagents 
•Equivalent reagents ·may be substituted for those listed below. To determine if 
sub~tituted reagent impurities interfere with pyrithiobac, appropriate amounts ofthe 
solvents should be injected into the HPLC using the chromatographic conditions 
specified in this appendix. 

Water - Deionized water passed through a Milli-Q® UV Plus water purification 
system #ZD60 I 15 UV (Millipore Corp.) 

Acetonitrile (ACN) - EM Omni Solv®, HPLC-grade aceto~trile, #AX0142-1 (EM 
Science, Gibbstown, N.J.) 

Acetic Acid - Baker Analyud glacial acetic acid, #9524-00 (J; T. Baker, Inc., 
Phillipsburg, N.J.) . . . . 

Pyrithiobac Sodium (DPX-PE350; KIH-2031) - Reference substance used for - HPLC analysis: analytical standard grade DPX-PE350, Lot #4, 98.7% pure (prepared 
by Kumiai/lhara Chemical Co: for DuPont Agricultur;tl Products, Global Technology 
Division, E. L du Pont de Nemours and Company) 

3.0 METHODS 

3.1 Glassware andEquipment Cle~ning . 
Glassware and extraction cells should be scrubbed by brush with a soap solution, 
rinsed two to five times with water, and rinsed with acetone or other suitable solvents. 
Distilled or deionized water may be added to the rinse sequence. Glassware is air-
dried. . 

3.2 Preparation ofSolutions 
0.10 M Acetic Acid • Pipet 2.85 mL of glacial acetic acid into 1-L graduated 
cylinder and bring to 1-L final volume with Milli-Q® water. Prepare weekly. 

HPLCEluents - EluentA: 100%acetonitrile; EluentB: 100%0.I0Maceticacid, 
Eluent C: I000/4 Milli-Q® water. Mobile phases should be thoroughly degassed 
daily; this is accomplished with the Waters system desGribed here by sparging with . 
helium. Components may be p~~ed at a ratio of48% Eluent A ~d 52% Eluent B -
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• ·,··for use tbrough·a single pump cha.Dnel, but then helium sparging should be minimfa:ed 
-, 

· - . to avoid altering the mobile phase composition. • Replace aqueous eluents weekly. . '. 

~-: ,. • i • 

, -3.3 .,., Prepan¢on, and Sta_bility ofSta11:dar_d S~l1;1tions . .• . ~ --
. · . _. __., . , __.Stan~ splutions are'prepared as ·deajle~ in iii~ body o~this report. They are stored 

refrigerated ifLC/MS analysis is to be delayed .. _ . , :":- .. 

' Prepa°'rtition ofSamplt! £#,-acts· . · · ·' ·' : ' : _' • _ ' - -· _t 

Sampies ai-e extracted iis for LC/UV analysis foll~~g- the procedures detailed in the 
body ofthis report. Samples are stable for at least two wee~ if stored refrigerated. 

. .. 
- Fortifi~aiio-/r o/Sinnpliis . . . :,' .. ·. . . ' .._-: ·, -: ·, ' - .. ' . 1:3.5' 

:,_. . , . Fortifications ofs9il wi~ pyrithiob~c sodillII!- areperfo~~d follo~ng' the procedures 
·· detailed in the body ofthis report. ' · · · ·· - · · ~;.',,_.,,(" -:_,~1;.;.· ,.;. {. 

3.6-·-··;·.,:.chromiltography,; ,:... •.··::;J:;',.· •:, :., . ··'_:··r;: · ·,::·.·· 
. Minimum requirements ofthe HPLC sysfe~ ate described in the Equipment section 
, -.. . above. This is an isocratic reversed phase.analysis on ll Cl8 column designed for use 

with low-pH _mobile phases. Conditions useq.f9r_analysis_ ~ summarized below . 

• 
.. :··"' , · ,HPLC·,9onoitions: ,,: . · .·' : ,_ •_; , _ < ·,'.~:, , , 

...
1. ! J. ;.. 1',t 

'· 

Column: 
_,. -',.; r;~, . .' 

3.0 mm i.d x 25 cm, Zbrbax® SB-C18 arialytical column with 5 
,( f lllll diameter packing< i \ ,. ~. __; • I. :· ,,'-

Column Temperature: . .. ,.-•·, . , .so.o•c " ~-- t. 
.. ' .. . ' -Injection Volume: 

,'-'1.' 

.. . ,· .. .O.!OOmL . 
s ,.. .- ._fl' . .!~ (' '·l .. I ·~ ::-f' '' Flow Rate: 0.4mL/min 

Mobile Phase: 48% acetonitrile/52% 0.1 M acetic acid 
' . •· ' 

,. . - ••._..... • .. :· ·- ~ ·., - ~-' • ' I; '.·· • 

• ,. . The retention time ofpyri~obaC:sodium is approxirilately 9.5 I!linutes; the total run 
. ··. time is l4minutes'(where the to A 2.5 minutes). The HPLC column should be ... :·r -

.. ~ ·... conditio~ed daily with 90% acetonitrile/i 00/o Milli-Q® w~ter to cl~_the column and 
. reequilibrated with the-niobiie phase before analysis. Use of a guard column is 
optional; ifused, retention times will be s!jghtly longer but shoul!l require no change 
in operating parameters,_ 

( -~' 

• . A ]JV detector set at 254 nm ma}'. be included in.the LC/MS system m. order to 
monitor HPLC perforinarice. The 0.0020-µgtmL pyrithio,bac sodium standard 

. specified in this method should produce a significant response, allowing evaluation of 
, · · retention time and peak: shape. Ifmonitoring is desired, avariabie-UV rather than 
. · ,. ~ . diode array detector is suggested to provide adequate sensitivity. Placing the UV 

-·• detector in~Iine may.produce unacceptable band-broadening for MS detection; it 
would be preferable to position the detector on·the wasie side ofthe effluent split, - . . ..... 
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• taking its contribution to system back pressure into account when establishing the 
split ratio (see suggested split ratio below) . 

. '$. 

3. 7 Mass Spectrometry 
The rninirnnm specifications for the MS system are described in the Equipment 
section above. 

The conditions'outlined below are representative of those used for the particular 
· instrument upon which this method was developed and evaluated. 

ESI-LC/MS Mass Spectrometer Conditions: 
'' 

Ions Monitored: 
.

m/z 327.0 ± 0.3·amu 
m/z 329.0 ± 0.3 amu 

Scan Length 2seconds 

Electrospray Voltage: 3.9kV 

Electron Multiplier Voltage: 1840 V, established daily 

Temperatures: ; capillary heater: 200~C 
manifold: 70?C 

. . . . -. .. 

Sheath Pressure: 60psig "". 

..Since the electrospray interface is optimal at low flow rates, the HPLC flow is split· 
post-column such that only 90 µL/min actually passes through the interface (-4.44:1 - split), the remainder going to waste. 

Many of the mass spectrometer conditions were unique for the particular instrument 
used and varied daily. MS conditions were established and the instrument tuned 
while directly infusing a pyrithiobac sodium solution of approximately 0.5 µg/mL in 
52% O. IM acetic acid/48% · acetonitrile at 0.4 mIJmin (bypassing the HPLC column). 
The instrument was tuned to optimize stability and sensitivity ofthe signal for ions of 
rn/z 327 and 329 by adjusting lens, repeller, quad offset voltages, and TSP probe 
temperature. Calibration_ at rn/z 327 and 379 was checked, and the instrument 
recalibrated as needed using standard procedures. The electron multiplier voltage was 

· · ,adjusted such that the signal intensity was approximately 106 abundance.· 

A 0.005- or 0.010-µg/mL chromatographic standard should be analyzed prior to the 
start ofanalyses to more closely establish the appropriate electron multiplier voltage 
setting for the desired limits ofquantitation and detection. For the system used in this 
method, the electron multiplier voltage was adjusted such that injection ofa 
0.010-µgfmL pyrithiobac sodium standard solution yielded a detected peak with an 
area of approximately 80,000 to 1oo;ooo abundance. Operating parameters must be 
tailored to the particular instrument used, particularly if it is to be an alternate 
vendor's instrument, and should be checked daily. 
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SampleAniilysls ' .. . :-:. ·.. .: · · · _ . .: ,. :·~ ~• 3.8 
A standard should be injected at the beginning and enq ofan·analysis sequence and 
after every two to three samples. Jfanalysis is delayed, samples should be sto~ 
refrigerated or frozen until analysis. Sample extracts sholild be stable for at least two 

. weeks ifre:fiigerated, and for at least five weeksjffrozen. : : · · : 
' . ·. 

3.9 .. CalCflia:!!Ons - -·: ·· . ::--{· · .. .,. .) . .... . ~ • ••••· :. ••- • • 

Quantitation.is ~m linear.~essio~ ofpeak areas for external standards. 
Calculations detailed for the column-switching LC/UV method apply (see Section 3.4 
ofthe report). Adequate linearity over the range of0.005 µg/mL to 0.1 µg,'mL 
pyrithiobac sodium with correlation coefficient"(R2

) values of0.97 or greater should 
be achievable. · :.: ;;: ,:. · :. :..1

' ' ••·o. .,,.,. •. . ' . ' +··· . • - ··- •-·-l--.. --
. . ·•. 

.. . .. .. #' ~ · · -· - -

• ~.,. ,·. 

• I •~• •• • •- \ . : -• • • f ) • 

; : ..4.2 .• : . _-~odifkations.. orSpecia.lfrec.auti!)~· .. ·:· - . . 
'.:: .: ·.· . · ·:·... ·...The MS detect~r is.extremely sensitive:to.pressure fluctuations cause~ by the HPLC 

J .. • : •· ·system. Although the c~matography may be adequate for lN detection as 
, . ··. .: . ·evidenced by a stable baseline, p~odic ~line_flu~ons may appear on 

. :cl:iromatograms·ftom ~e MS.· In general, the cause can be traced back to poor check 
,:: · , . . . •·. ~ valve function due to pump seal wear·or-gasses in the mobile phase. Maintaining the 

. · ·pumping systc?m o~the.HPLC is critical to the performance ofthe LC/MS system. 
. ' . ....;•.• .. .. ,.... , . ' · ~ .·: . : · . . ' . · · ' .. ..... ·, . . .. • • _ .._ I ..- ,. •' .... f , •+" ";.. . • , . • •• J .. . . 
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