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STUDY TITLE 

Independent Laboratory Validation of Aminopyralid in Compost 

DATA REQUIREMENTS 

SANCO/825/00 Rev. 8.1 (2010); U.S. EPA Guidance OPPTS 860.1000, Background, OCSPP 

850.6100, Independent Laboratory Validation 
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Independent Laboratory Validation of Aminopyralid in Compost 

INTRODUCTION 

The purpose of this study was to demonstrate that analytical method “Method Validation Study 

for the Determination of Residues of Aminopyralid in Compost Using Liquid Chromatography 

with Tandem Mass Spectrometry”, ID 191576, could be performed successfully at an outside 

facility with no prior experience with the method (Reference 1). 

Principle of the method.  Residues of aminopyralid are extracted from the sample matrices by 

shaking with 0.1N NaOH and then centrifuged. An aliquot of the extract is transferred. The 

sample is treated with an aliquot of concentrated (12.1 N) HCl and heated for 90 min at 90°C to 

hydrolyze any bound aminopyralid in the starting material.  Samples are centrifuged to enable 

removal of some denser materials, and then undergo solid phase extraction.  After internal 

standard (IS) is added, samples are evaporated to dryness, derivatized, and then reconstituted for 

analysis. Solvent calibration standards spiked with IS are also derivatized. Analysis occurs via 

liquid chromatography with positive-ion electrospray ionization tandem mass spectrometry (LC-

MS/MS). 

Test conditions. For validation, the analytical set consisted of two reagent blanks, two matrix 

controls, one control fortified at LOD (limit of detection), five replicates fortified at LOQ (limit 

of quantitation), five replicates fortified at 10X LOQ, and five replicated fortified at 80X LOQ. 

The mass transitions used for analysis are listed below. 

Quantitation (m/z) 

Aminopyralid m/z 262.9 → 133.9 

Aminopyralid1 m/z 264.9 → 135.9 

Aminopyralid IS m/z 269.0 → 111.0 
1Denotes confirmatory ion. 

Limit of Quantification (LOQ) and Limit of Detection (LOD).  During the independent 

laboratory validation of the method, the limit of quantitation (LOQ) of aminopyralid was 

confirmed to be 0.5 ng/g (ng/g) for compost. The LOD for aminopyralid was set at 30% of the 

defined LOQ. 

Selectivity. At the retention time of aminopyralid and aminopyralid IS, no interfering peaks 

were found. 

Standard Stability.  Analytical standards and fortification solutions were stored under 

refrigerated conditions when not in use. Stock standard and spiking standard stabilities were 

assessed in a separate study, and solutions of aminopyralid were found to be stable in acetonitrile 

for at least 198 days 
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Extract Stability.  Extract stability was established during validation study “Method Validation 

Study for the Determination of Residues of Aminopyralid in Compost Using Liquid 

Chromatography with Tandem Mass Spectrometry”, ID 191576 (Reference 1). Sample extracts 

from pasture compost and manure compost were tested after 4 days of storage at refrigerated 

temperature and were determined to be stable. 

Recovery and Repeatability.  The independent laboratory validation (ILV) was performed 

successfully.  Apparent residues of aminopyralid were below the method limit of detection 

(0.15 ng/g) in all of the control samples. 

Conclusion. The results of this independent laboratory validation (ILV) study demonstrate that 

analytical method “Method Validation Study for the Determination of Residues of Aminopyralid 

in Compost Using Liquid Chromatography with Tandem Mass Spectrometry”, ID 191576, fulfils 

the requirements with regard to specificity, repeatability, limit of quantification, and recoveries 

for compost. 
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EXPERIMENTAL 

Test Systems 

The test system considered in this study was manure compost. The control sample was provided 

by Dow AgroSciences and sent to SGS via overnight shipping on dry ice. The compost sample 

was received by SGS on November 12, 2019. The test system was received frozen and stored under 

frozen conditions at all times, unless necessary for laboratory analysis. 

Test and Reference Substances 

The aminopyralid standard was stored at room temperature. The aminopyralid internal standard 

was stored in the refrigerator. The sponsor has retained a reserve sample of these chemicals, and 

has documentation specifying the location of the synthesis and characterization information 

available at Dow AgroSciences in Indianapolis, Indiana. 

The aminopyralid and aminopyralid internal standard reference substances were provided by the 

sponsor and received on October 29, 2019. Upon receipt, the standard substances were stored in 

the ambient and refrigerated lockboxes with the temperature ranging from 20 to 23 °C and 1 to 

8 °C, respectively. All standards were stored under locked conditions. The certificates of analysis 

are presented in Appendix A. A detailed summary of the reference substances is presented below. 

Common Name Aminopyralid 

Chemical Formula C6H4Cl2N2O2 

Test Substance Structure 

CAS Number 150114-71-9 

Supplier Dow AgroSciences 

Lot / Batch # YC2-142695-9 

Purity 99% 

Expiration June 24, 2022 
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Common Name Aminopyralid M+4 

Chemical Formula 13C2H3DCl2N
15NO2C4 

Test Substance Structure 

CAS Number N/A 

Supplier Dow AgroSciences 

Lot / Batch # DE3-169801-5 

Purity N/A 

Expiration Sep 08, 2022 

Analytical Method 

Analytical method  “Method Validation Study for the Determination of Residues of 

Aminopyralid in Compost Using Liquid Chromatography with Tandem Mass Spectrometry”, ID 

191576, was used for the analysis of the samples. 

Residues of aminopyralid were extracted from compost by shaking with 0.1N NaOH.  An aliquot 

of the extract was transferred and treated with an aliquot of concentrated (12.1 N) HCl and 

heated for 90 min at 90°C to hydrolyze any bound aminopyralid in the starting material.  

Samples were centrifuged to remove some denser materials, and then underwent solid phase 

extraction.  After internal standard (IS) was added, samples were evaporated to dryness, 

derivatized, and then reconstituted for analysis. Solvent calibration standards spiked with IS 

were also derivatized. Analysis occurred via liquid chromatography with positive ion 

electrospray ionization tandem mass spectrometry (LC-MS/MS). The primary (quantitative) and 

secondary (confirmatory) transition ions monitored are presented on the following page: 
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Analyte 

Transition 

(m/z) Ionization Mode 
Retention Time 

(min) 

Primary Secondary 

Aminopyralid 262.9 → 133.9 264.9 → 135.9 ~1.9 

Aminopyralid IS 269.0 → 111.0 N/A 
Positive ESI 

~1.9 



   

    

   

 

 

    

   

  

 

   

 

  

 

 

 
 

 

  

  

     

Sponsor Study ID: 191362 

Performing Laboratory Study No.: SGS-19-01-10 

Page 13 of 104 

Matrix Effect Testing 

However, as suggested in the method 

validation, the aminopyralid stable isotope was used in order to normalized these observed 

matrix effects.  Therefore, quantitation was achieved with the aid of the stable isotope internal 

standard and measuring peak area response ratio. 

Matrix effects were evaluated at 10x LOQ (5.0 ng/g ) by comparing the peak area response of 

aminopyralid fortified in a control extract after processing to the peak area response of 

aminopyralid neat solvent. fortified in 

This value is based solely on the response of aminopyralid and does not account for the 

compensation to the matrix effect provided by the aminopyralid internal standard. With the use 

of the internal standard, matrix-matched standards were not used. 

Method Changes 

Two changes were made to the instrumental method from the original method provided. (1) The 

gradient was extended from 5.0 to 6.0 minutes and (2) the internal standard mass transition was 

changed from 269 →195 to 269 → 111. These two changes were made as they presented a more 

optimized instrumental method for the analysis of aminopyralid and its internal standard. It’s 

within reason to assume these changes could be due to the different manufacturers and models of 

HPLC-MS/MS instrumentation used here versus that used in the method validation. 
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Table 4 Instrument Conditions and Parameters 

HPLC Conditions 

Chromatographic System: Shimadzu Nexera XR 

Column: 
Acquity UPLC HSS T3; 1.8 µm, 2.1 × 100 mm 

S/N: 02283930915105 

Temperature: 40 °C 

Flow rate (µL/min) 600 

Gradient: Time 

(min) 

Mobile Phase A 

(%) 

Mobile Phase B 

(%) 

0.0 45 55 

0.5 45 55 

2.0 40 60 

2.5 5 95 

3.5 5 95 

4.0 45 55 

6.0 45 55 

Mobile Phase A: 0.1% formic acid in water 

Mobile Phase B: 0.1% formic acid in acetonitrile 

Injection Volume: 20 μL 

MS/MS Conditions 

Detection System: AB BioSystems/MDS Sciex API 6500+ LC/MS/MS 

Ionization: Turbo Ion Spray 

Polarity: Positive 

Curtain gas (CUR): 20.00 

Temperature (TEM): 600 °C 

Collision gas setting (CAD): 10.00 

GS1: 70.00 

GS2: 65.00 

IS: 5500 

Entrance potential (EP): 10.00 

Scan type: MRM 

MRM Conditions 
Transition 

(m/z) 

Dwell 

(msec) 
DP CE CXP 

Retention 

Time (min) 

Aminopyralid 
262.9 → 133.9 

400 80 57 13 1.9 
264.9 → 135.9 

Aminopyralid IS 268.9 → 111.0 400 16 31 14 1.9 
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STIJDY TITLE 

Method V alid.1.tion Study for the Detemiination ofResidues of Aminopyralid in Compost by 
Liquid dl:fomatography ,vi.th Tandem Mass Spectrometry 

DATA REQUIREMENTS 

OCSPP 850.6100 
EU Council Regulation (EC) 1107/2009 

SANCO/3029/99 rev. 4 
SANCO/825/00 rev. 8.1 

Dir98~02 
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Method Validation Study for the Detenni.nation ofResidues ofAminopyTalid in Compost by 
Liquid Chromatography with Tandem M.,sc; Spectrometry 

INTRODL'CTION 

11:us method is applicable for the qtk-u1titative determination ofresidues ofaminop}Talid in 
compost. The method was validated over the concentration range of0.500 - 40.0 ng/g with a 
validated limit of quantitation of 0.500 ng.lg_ Common name, chemic.al name, and molecular 
formula for the an.alyte are given in Table 1. 

This study was conducted to fulfill data requirements outlined in the EPA Residue Chemistry 
Test Guidelines, OCSPP 850.6100 (1)- TI1e validation also complies with the requirements ofEU 
Council Regulation (EC) 1107/2009 wrth particular regacd to Section 4 of SANCO/3029/99 
rev. 4 and Section S ofSANCO/ 825/00 rev.8.1 as well as PMRA Residue Chemistry Guidelines 
as Regulatory Directive Dir98-02 (2-4). The validation was conducted following Dow 
AgroSciences SOP ECL-24. 

Method Princi:ple 

Residues ofaminopyralid were extracted from compost by shaking ,.._rith 20 mL of 0_ lN aqueous 
sodium hydroxide. The samples were then centrifuged. An aliquot of the sample was taken, 
acidified, and hydrolyzed in an oven at 90°C for 90 minutes. l7pon cooling, samples were 
centrifuged again, and the supernatant purified via au Oasis Iv!AX SPE procedure. After elution 
and drying down_ internal standard (IS) was added, and samples were derivatized_ The final., 
extracts were analyzed for derivatized aminop}Talid using two structurally characteristic MS/MS 
transitions by liquid chromatography with tande.m mass spectrometry_ 

https://chemic.al
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Test Substance/Reference Compound<;/Analytical Standards 

Test Substance TSN Percent Purity Recertification Date Refere11ce 

Aminopvralid TSN306691 99.0% 24-Jun-2022 FAPCl S-000449 

h1 addition, the compom1d below was used as an internal standard. 

Test Substance TSN Percent Purity Recertification Date Reference 

M+4Aminopyralid TSN314617 100% 08-Sep-2022 FAPC17-000489 
T11e Certificates of Analysis for the test substance and internal standard can be found in 
Figures 1-2. The above standards may be obtained free of charge from Dow AgroSciences LLC, 
9330 Zionsville Road, Building 304, hldianapolis, IN 46268- 1054. 

EXPERIMENTAL 

Sanmle Origi:n, Numbering Preparation Storage and Characterization 

Untreated control samples were obtained from the Dow AgroSciences LLC Sample Management 
Group. All samples were tracked in the Dow AgroSciences LLC Regulatory Labs hlfom iation 
Management System (RLJMS) database. Unique sample numbers were assigned to the samples 
to track them during receipt, preparation, storage, and analysis. Complete source documentation 
was included in the study file. 

The samples were prepared by freezing with dry ice and then grinding using a Robot Coupe bowl 
grinder with a 3 L, 30 L, or 45 L capacity bowl. 

During the course of the study, the samples were stored in temperanlfe-monitored freezers at 
approximately -20 °C, except when removed for analysis. 

Detennination of Isotopic Crossover 

hi this assay, the analyte and internal standard are quantified using MS/MS transitions 
characteristic of each compound. When 11~ing stable-isotope labeled intenial standard~, 1here is a 
possibility that isotopic contributions will occur between the transition~ used for quantitation of 
the tutlabeled and labeled compotmds. This isotopic overlap benveen the analyte and the inten1al 
standard is determined empirically by analyzing standard solutions of each compotu1d separately 
at any analytically relevant concentration and if observed, should be addressed for accurate 
detenniiiation of analyte concentration~. 

To detennii1e the contribution of the tutlabeled anunopyralid to the aminopyralid ii1ten1al 
standard, a sample spiked with anlltlopyTalid at the highest calibration standard without ii1tenial 

Sponsor Study ID: 191362 
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standard in neat solution was prepaced. The peak area in the internal standard transition was less 
than 5.0% of the internal stdlldard peak area ofthe highest calibration standard spiked \vith 
internal standard. 

In a similar manner, to determine the contribution of the labeled aminopyralid internal standard 
to the unlabeled aminopyralid, a sample was spiked at the worlcing concentration ofinternal 
standard in neat solution that was not spiked with a.miuopyralid. Tite peak area in the analyte 
transition from the internal standard solution was less than the analyte peak area in the lowest 
calibration standard. 

During method development, th.e concentration range of the calibration curve and the 
concentration of the labeled intemal standard were chosen to minimize the effect ofthe crossover 
contribution between the analyte and internal standard. As a result., no significant mass spectral 
isotopic crossover was observed · 

Calculation ofStandard Calibration Cutve 

Calculation of a standard curve begins wi1h the injection of a series ofcalibration standards 
described in Appendix I and acquisition of peak areas for the follm.ving analyte and internal 
standard. 

Ammopyralid mlz Q1/Q3 263/134 (quantitative) 
mlz Q1/Q3 2651136 (coufinnatory) 

Aminopyralid IS mlz Q1/Q3 269/195 

The line.ari.ty ofdetector response was eYalua.ted using neat standard solutions. In order to 
generate a standard curve. the analyte C011ceutratio11 ·was plotted on the absci,;sa (x-axi,;) and the 
respective quantitation ratio on tl1e ordinate (y-axis) in. Analyst 1.6.3. Using regression analysis, 
the equation for the curve was determined with respect to the abscissa. • · · · 

Confirmation ofResidue Identity 

The method is specific for the deten11ination ofaminop)Talid by virtue ofthe chromatographic 
separation and selective detection system u,;ed. To demon,;trate farther confirmation, an 
additional MS/MS ion tran,;ition was monitored. 

Statistical Treatment of Data 

Statistical treatment of data included, but was not limited to, the calculation ofregression 
equations, correlation coefficients (r) for describing the linearity ofcalibration curves, and 
means, standard deviations, and relative st.andard deviations ofthe results for the fortified 
recovery samples. 

https://line.ari.ty
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the primary identified component as parent aminopyralid, '\.\'1th its conjugates having been 
released as free aminopyralid upon exposure to hydrolytic conditions. The extraction and 
hydrolytic conditions implemented in this analytical method mirror those used to support the 
14C-metabolism studies. This method incorporates the use ofa sodium hydroxide extraction 
solvent that serves to both extract and hydrolyze base-labile conjugates to free aminopyralid for 
quantitation. Aft.er which, the samples are acidified with hydrochloric acid and incubated at 
90°C to hydrolyze acid-labile conjugates to free an1inopyralid. Combined, these conditions 
allow for quantitative analysis ofaminopyralid (free and conjugated residues), as free 
anllilopyralid. 
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Calcula.ted Limit.s of Detection and Qµ.,ntitation 

TI1e limits ofdetection (LOD) and quantitation (LOQ) \Vere proposed at the initiation ofthe 
study at 0.150 ng/g and 0.500 ng/g., respectively. Following established practices (8), the LOD 
and LOQ for the cletennination of residues ofaminopyralid in compost were calculated using the 
standard deviation derived from the 0.500 ng/g recovery values. The results are sununarized in 
Table 13. The validation results support the linuts ofdetection and quantitation proposed for the 
study. 

For actual residue samples, numerical results should be reported for residues that are equal to or 
above the LOD but less than the validated LOQ with indication that the results are being reported 
at a lower confidence level For residues less than the LOD. results should be reported as not 
detected (ND). 

Canyover 

During the course ofthe validation, carryover \Vas assessed for all anal.ytes by injecting a solvent 
blank after the high.est concentration standard, nea:r the end of each analytical set In addition, 
for four ofthe five analytical sets which comprise this validation, a solvent blank was similarly 
injected immediately after the sec.ond-highest concentration standard, closer to the beginning of 
each analytic.al .set. For aminopyralid, no signific.ant analyte response was detected in any 
solvent blank for e.ach ofthese sets. : 

except that a solvent blank was not injected unmediately aft.er the second
highest concentration standard. closer to the beginning of each analytic.al set. Instead, close to 
the beginning of that run, a solvent standard containing only IS was injected unmediately after a 
.solvent standard containing only the highest standard concentration of aminopyralid. The 
solvent st.andard containing only IS did not yield significant aminopyralid response from 
c.arryover, which is consistent with the other carryover data collected as part of this study. 

Stability ofWorking Solutions 

Analytical standards and fortification solutions were stored under refrigerated conditions when 
not in use. Stock standard and spiking standard stabilities were assessed in a separate study, and 
solutions ofaminopyralid ,,...-ere fow1d t.o be stable in acet.onitrile for at least 198 days (9) . 

https://analytic.al
https://analytic.al
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Stability of Sample Extracts 

The stability of final samples prepared for analysis from representative matrices were evaluated 
over an extended period. Analytical sets were initially analyzed for pa.~ture compost and m.1nure 
compost on 21-Nov-2019 (Day 0), ·with average recovery values bet\¥een 70-120% for the 
quantit,a.tive and confirmatory transitions. The final samples in die vials were then stored in the 
refrigerated autosampler at approximately 10°C. After 4 days, the LOQ samples were 
re-injected on 25-Nov-2019 using the same instrument.al conditions described in the Instrumental 
Conditions section with freshly prepared calibration standards. , 

Sample extracts from pasture compost and manure compost were tested after 4 days ofstorage at 
refrigerated temperature and were detennined to be stable. I 

Matrix Effects 

Matrix effects were evaluated by comparing tl1e response of the analyte fortified in a control 
extract after processing (for each matrix type) to the response of the a.oa1)'1e fortified in neat 
solvent. The calculation for the matrix effect based on peak area is as follows: 

Average Peak Area . . ]alnx. Efliect= _________. C.oll.lIOI S3J:iq,___;;___;;le Sp____iked After Process~_mg l x , o . l ooo~ M 
[ Average Peak Areas.piked Ne:it Sot\-ent 

To demonstrate d1.at the use ofthe internal standard diminishes the exte11t ofmatrix effect, the 
calculation for the m.1.trix effect based on area ratio is as follov.rs: 

Area Ratioc · 1s le s "'ed "'' "'" · « ] _.· _ Efli OD.tro amp . . p... .-u.<er .-.ocessmg l l QQO/.M atn.x ect= ------ ---"-"'-------=- x ,o [ Area Ratiospiked Keai Sol.n!llt 

A negative value for the matrix effect indicates matrix suppression, and a positive value for 
matrix effect indicates matrix enhancement. 

The experimental details regarding detennin..1tion of the matrix effects we:re recorded in the raw 
dat.a file. Tilfee aliquots of the control samples from each m ..'Urix \Vere processed according to the 
method and followed the procedure. After the evaporation step following the Oasis MAX SPE 
procedure, each sample was fortified with an appropriate amount of spiking solution and IS, and 
derivatized. After derivatizatiou. samples were diluted slightly ,v-ith the addition ofaqueous 
0.1 % formic acid. For comparison, three replicates ofderivatized arn.inopyulid containing IS 
were prepared without matrix at the same concentration. 

Matrix effects for the quantitative and confumatory transitions \,•ere calculated using only 
analyre peak area as well as with the internal standard (area ratio). 

https://follov.rs
https://instrument.al
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Table I. Identities and Stmctures of Aminopyralid and Aminopyralid lntemal 
Standard 

Identifying Infomiation Stm cnlfe 

Common Name of Compound: NH2 
Aminopyralid 

Cl 
~ 

Molecular Fom mla: CaiiC'2N202 

Fommla Weight: 207.01 HO _,,;, 
N Cl 

CASNumber: 1501 14-71-9 0 

Common Name of Compound: 

M+4 Aminopyralid 

D Cl 

Fommla Weight: 2 10.99 

CASNumber: NA 
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For example (Set 191576 S06), Sample 191576°001-0001A20 + 0.500 ng/g resulted in a peak 
area ratio of 0.0180 for Aminopyralid (263/ 134). Calc.ulation is as follows: 

y = 0.0368x + 0.000481 (r = 1 0000) 

0.0180 = 0 .0368x + 0.000481 

0.0180 - 0.000481 = 0.0175 = 0.0368x 

0_0175 
x~--

0_0368 

x=0.4 76 ng/g = Aminopyralid (ng/g) 

Detenn:iue the percent recovery by dividing the net concentration of each recovery sample by the 
theoretical concentration added. 

Concentration Found 
Recovery = . x 100% 

Concentrahon Added 

0 .476 ng/g 
Recovery 0_500 ng/g Xl00%= 95% 

Figure S. Example Calculation for the Determination of Aminopyralid in Compost 
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ANALYTICAL l'v!ETHOD 
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ENFORCEMENT l\llETHOD FOR DETERMINATION OF RESIDUES OF 

AMINOPYRALID IN COMPOST 

USING LIQUID CHROMATOGRAPHY WITH TANDEM MASS SPEC.TRO!\IIETRY 

Scope 

This method is applicable for the quantitative detennination of aminopyralid in compost. Titis 
method is applicable over a concentration range 0.500 - 40.0 ng/g. 

Pl'inciple 

Residues of aminopyralid are extracted from the sample matrices by shaking "~th 0.IN NaOH. 
An aliquot. of the extract. is transferred. The sample is treated with an aliquot of concentrated 
(12.1 N) HC! and heated for 90 min at 90°C to hydrolyze any bound aminopyTalid in the starting 
material. Saniples are centrifuged to enable removal of some denser materials , and then undergo 
solid phase extraction . After internal standard (L'>) is then added, saniples are derivatized, nearly 
dried, and then reconstituted for analysis. Solvent. calibration standards spiked with IS are also 
derivatized. Analysis occurs via liquid chromatography with positive ion electrospray io,tization 
tandem mass spectrometry (LC-MS/MS). 

Safety Pl.'ecautions 

Each analyst. m11~t. be acquainted with the potential hazards of the equipment, reagents, products, 
solvents, and procedures used in tltis method before commencing laborat.ory work. Sources of 
infonnation indude operation manuals, material safety data sheets, literanire, and oilier related 
data. Safety infonnation should be obtained from the supplier. Disposal of waste materials, 
reagents, reactants, and solvents must be in compliance applicable governmental requirements. 

Acet.onitrile, isopropanol, ethyl acetate, 1-butanol, butyl chloroformate, pyridine, and methanol 
are flammable and sh ould be used in well-ventilated areas away from igitition. Fomtic acid, 
trifluoroacetic acid, b ydrodiloric acid and sodium hydroxide are corrosive and can cause severe 
bum s. It is iniperative that proper eye and personal protection equipment be wom when handling 
these reagent~. 

Labornton Equipment 

Balance, analytical, Model AE240, Mettler-Toledo. Inc. 

Balance, pan, ModeE PE1600, Mettler-Toledo. Inc. 

2mL Clear Glass Flat Bottom Tubes, Catalog# 96VI20, An alytical Sales <'k- Services 

Centrifuge, Model Centra-GPS, T11errno International Equipment. Company_ 

Pipette, positive-displacement, I 0-25 11L capacity, Model M25, Gilson hie. 
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Pipette, positive-displacement, I 0-100 11L capacity, Model MI 00, Gilson hie. 

Pipette, positive-displacement, 50-250 11L capacity, Model M250, Gilson hie. 

Pipette, positive-displacement, I 00-1000 11L capacity, Model MI 000, Gilson Inc. 

Repeater, positive-displacement, 1-50 mL capacity, catalog nwnber 4982000322, Eppendorf. 

Repeater Stream Pipette, 1-50 mL capacity, catalog munber 4987000118, Eppendorf. 

Shaker, variable speed reciprocating \\~th box carrier, Model E60!0.00, Eberbach Corporation. 

Vortex mixer, Genie 2, catalog number 12-812, Fisher Scientific. 

Chromatographic SYstem 

Colunu1, analytical, Aquity UPLC HSS T3 I.811m (2. lx!OOmm), catalog number 186003539, 
Waters. 

Liquid chromatography, 1290 Infinity, Agilent.. 

Mass spectrometer, Model QTRAP 5500, AB SCIEX. 

Mass spectrometer data system, Analyst v.1. 6.3, AB SCIEX. 

Pre-colunu1 filter, KrudKatcher ULTRA HPLC in-line filter, 0.5 11111 depth filter x 0.004 in ID, 
catalog nuntber AF0-8497, Phenomenex. 

Glassware and 1\Iate1ials 

Centrifuge tubes, 50 mL, HOPE, polypropylene with screw cap, catalog number 06-443-20, 
Fisher Scientific. 

Culture Tube, Disposable, 16 x 100 mm, catalog munber 14-961-29, Fisher Scientific. 

Culture Tube, Disposable, screw top, 16 x lOOmn1, cat # 73770-16100, Kimbile Chase. 

Combitips Advanced, 0.5 mL, catalog number 0030089421, Eppendorf. 

Combitips Advanced 1.0 mL, catalog munber 0030089430, Eppendorf. 

Combitips Advanced 5 mL, catalog number 00300894 56, Eppendorf. 

Combitips Advanced IO mL, catalogmunber 0030089464, Eppendorf. 

Combitips Advanced 25 mL, catalog munber 00300894 72, Eppe.ndorf. 

Combitips Advanced 50 mL, catalog munber 0030089480, Eppe.ndorf. 

Filters, syringe, Acrodisc 13 mm w/ 0.2 µm PTFE, Pall Corooration. 

Graduated cylinder, borosilicate glass, 100 mL, catalog nun1ber S63458, Fisher Scientific. 

Graduated cylinder, borosilicate glass, 500 mL, catalog nun1ber S63460, Fisher Scientific. 

Graduated cylinder, borosilicate glass, 1000 mL, catalog number S63461, Fisher Scientific. 

Pipette, disposable, transfer, glass, 5 ¾ inch, catalog munber 13-678-6A, Fisher Scientific. 
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Pipette, cli~posable, transfer, polyethylene, catalog number 13-711-7M, Fisher Scientific. 

Pipette tip, positive-displacement, 25 ftL capacity, catalogmunber CP25, Gilson Inc. 

Pipette tip, positive-displaceme!ll, 10011L capacity, catalog number CPl OO, Gilson hie. 

Pipette tip, positive-displacement, 250 11L capacity, catalog ntlll1ber CP250, Gilson Inc. 

Pipette tip, positive-displacement, 1000 11L capacity, catalog muuber CPIOOO, Gilson Iilc. 

SPE column, Oasis MAX 6cc (150 mg) LP Extraction Cartridges, Part Ntunber 186000370, 
Waters. 

Syringe, 3 mL BD Luer Lok tip, Becton Dickinson. 

Vial, autooampler, 2 mL, ca.talog number C4000'-I W, Thermo Scientific. 

Vial inserts, 400 11L, Target l'vlicroSerts, National C4011-631, Thermo Scientific. 

Vial cap, for autosampler vial, catalog ntllliber C5000-57G, T11ermo Scientific. 

Voltunetric flask, 10 mL, catalog muuber K623010-0010, Fisher Scientific. 

Voltunetric flask, 20 mL, catalog muuber K623010-0020, Fisher Scientific. 

Reagents 

Ace.tonitrile, HPLC grade, catalog muube.r A99S-4, Fisher Scientific. 

1-ButanoE, HPLC grade, catalog ntlll1ber A383-I , Fisher Scientific. 

Butyl Chloroformate, 98%, catalog ntlll1ber 180170010, ACROS Chemical. 

Ethyl Acetate, ACS grade, catalog muuber 3 l 9902-4L, Sigma Aldrich. 

Fannie Acid. Optima LC/MS, catalog munber A l 17-50, Fisher Scientific. 

Glycerol, catalog munber G33-500, Fi~her Scientific. 

Hydrochloric Acid, concentrated (12.1 N), catalog munber A144S-500, Fisher Scientific. 

Isopropanol, HPLC grade, ca.talog muuber A464-4, Fisher Scientific. 

Methanol, HPLC grade, catalog muuber A452-4, Fisher Scientific. 

Pyridine, HPLC grade, catalog ntlll1ber 396800010, ACROS Organics. 

Soditun Hydroxide 2N, certified concentration, catalog munber SS264-l , Fisher Scientific. 

Water, Optinia LC/MS grade, ca.talog muuber W6-4, Fisher Scientific. 
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Preparation voltunes may be adjusted based on need. Care must. be taken to ensure that 
the ratios and concentrations are maintained. Allow solutions to reach room temperature 
before use. Store at room temperanire unless otherwise directed. 

0.1 % Fonnic Acid in Water <Mobile Phase A} 
Meastire 1000 mL ofHPLC grade water by a 1-L graduated mixing cylinder. Add 
1.0 wL of fonni: acid and mix. Mix well. 

0. I% F onnic Acid in Acetonitrile <Mobile Phase B) 
Add 1000 mLo: acetonitrile by graduated cylinder to a 1-L bottle. Add 1.0 mL of fonnic 
acid by pipette. Mix well. 

O.IN Soditlfll Hydroxide /NaOH} - Extraction Solution 
Meastire 380 mL ofHPLC grade water with a 500 wL graduated cylinder and transfer to 
a 500 mL bottle. Add 20.0 mL of2 N soditun hydroxide to the 500 mL bottle. Mix 
thoroughly. 

30/30/30/ 10 Methanolllsopropanol/Aceto11itrile/Water (v/v/v/v) (Needle Wash) 
Meastire 1200-mL of methanol, 1200-mL of isopropanol, 1200-mL of acetonitrile, and 
400-mL of water, using a graduated cylinder, and transfer into a 4-L bottle. Mix. 

Methanol/Watei/Acetic Acid (50/49/ 1. v/v/v) 
Meastire 500 mL of methanol with a graduated cylinder and transfer to a bottle. Meastire 
490 mL water with a graduated cylinder and transfer to the same bottle. Pipette IO mL of 
glacial acetic ac:d into the bottle. Mix thoroughly. 

Ethyl Acetate!Trifluoroacetic Acid (98/2 v/v) 

Meastire 980 mL of ethyl acetate with a graduated cylinder and transfer to a bottle. 
Pipette 20 mL of trifluoroacetic acid into the bottle. Mix thoroughly. 

1-Butanol/Glycerol (90110 v/w) 

Weigh I g of glycerol into a bottle. Mea,,11fe 9.0 mL of 1-butanol with a graduated 
cylinder and transfer to the bottle. Mix thorougltly. 

22:2: I Acetonitrile: Pyridine: 1-Butanol <Deriv~tization Coupling Reagent} 
Add 22 ml. of acetonitrile, 2 ml. of pyridine, ond 1 ml. of 1-butanol by pipette to a small 
glass jar. Mix well. Prepare fresh every 2 weeks. 

90110 Acetonitrile: Butyl Chlorofonnate (perivitization Reagent) 
Add 90 mL ofEPLC grade acetonitrile and 10 mL of butyl chlorofonnate by pipette to a 
small gloss jar. Mix well. 
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Accurately weigh approximately 0.002 g of the aminopyralid analytical standard and 
dilute to voltuue with an appropriate amotuit. of acetonitrile to obtain a 100 11glmL 
anllllopyralid stock solution. 

Quantitatively combine 1.00 mL of the 100 11glmL otock solution and 19.0 mL 
acetonitrile to obtain a 5000 nglmL aminopyralid stock solution. 

Quantitatively combine 2.00 mL of the 5000 nglmL stock solution and 18.0 mL 
acetonitrile to obtain a 500 nglmL aminopyralid stock solution. 

Quantitatively combine 2.00 mL of the 500 nglmL stock solution and 18.0 mL 
acetonitrile to obtain a 50.0 nglmL anunopyralid stock solution. 

Quantitatively combine 5.00 mLofthe 50.0 nglmL stock solution and 5.00 mL 
aceto1utrile to obtain a 25.0 nglmL anunopyralid stock solution. 

Quantitatively combine 1.00 mL of the 50.0 nglmL stock solutioo and 9.00 mL 
aceto1utrile to obtain a 5.00 nglmL anllllopyralid stock solution. 

Pl'eparation of Inteimecliate Calibration STD Spiking Solutions 
Prepare the following Intenuediate Calibration STD Spiking Solutions in acetonitrile: 

Concentration Aliquot of Final Concentration Intermediate Eq11imle11t 
of Stock Stock Solution of Intem1ediate Calibration Neat Cal STD 
Solullon Solu11on Voltuu e Cahbrallon STD Concentrat,on 
(nglmL) (11L) (mL) STD Solution Spiking (nglg)° 

(ng/mL) Solutiou 
25.0 315 20.0 0.39375 A 0.150 
25.0 630 20.0 0.7875 B 0.300 
50.0 525 20.0 1.3125 C 0.500 
50.0 1050 20.0 2.625 D 1.00 
50.0 2 100 20.0 5.25 E 2.00 
500 525 20.0 13.125 F 5.00 
500 1050 20.0 26.25 G 10.0 
500 2100 20.0 52.5 H 20.0 

5000 315 20.0 78.75 I 30.0 
5000 525 20.0 131.25 J 50.0 

*Note.: Eqmvalent Salllj)le Cone (ng/gJ ts based on 1 g of sample diluted m 20 ml, aliquot flctor of7.00 mL (7/20 
of extracted sample). O\•erall method factor is 0.2625 {(7/20) • (3/4)}, as only 6 mL of 8 ml total bydrolysate 
vol\lllle is taken through SPE clean-up. Only 100 µL of STDs A -J are used to prepare nea: calibration standards. 
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Accurately weigh approximately 0.002 g of 13Ci2H15N-aminopyralid internal standard 
and dilute to volume with an appropriate amount of methanol to obtain a I 00 11g/mL 
aminopyralid internal standard solution. 

Quantitatively combine 50.0 11L of the I 00 µg/wL aminopyralid internal standard 
solution and 9.95 mL acetooitrile to obtain a 500 ng/mL aminopyralid internal standard 
solution. 

Quantitatively combine 2.00 wL of the 500 ng/mL aminopyralid internal standard 
solution and 8.00 mL acetonitrile to obtain a 100 ng/mL aminopyralid internal standard 
solution. 

Note: Weights and volumes may be adjusted for solution and standard preparation as long as the 
final concentrations are equivalent.. 
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1. For reage11t bla11k, add 20 mL of 0.IN NaOH extractio11 solutio11 i11to all empty 50-mL 
ce11trifuge mbe. 

2. For co11trol samples, tra11sfer 1.00 ± 0.05 g of compost material i11to an empty 50-mL 
ce11trifuge mbe. 

3. For fortified recovery Sa111ples, transfer 1.00 ::!:. 0.05 g of conipost material into all empty 
50-mL centrifuge mbe. Add the appropriate volume of the spiking solutio11 to obtain 
fortified saniples. 

To fortify 1.0 g of comoost with Amino ,yralid 

Salliple 
Spiking Volumes Stock Solutio11 Fortificatio11 Level 

(uL) Co11c. foe:/mL) (11g/g) 
LOO 30.0 5.00 0.150 
LOO 100 5.00 0.500 

!Ox LOO 100 50.0 5.00 
80x LOO 80.0 500 40.0 

For field samples: 
4. Me.asure by weight, 1.00 ± 0.05 gof eachcompost sampleinto an enipty 50-mLce11trifuge 

mbe. 

For ALL samples: 
5. Add 20.0 mL of extractio11 solution, O. lN NaOH, to each 50-mL centrifuge mbe and seal 

tightly with a cap. Vortex to mix. 
6. Shake the sample for 60 min 011 a. flatbed shaker set at approximately 

280 excursions/minute. 
7. Centrifuge tl1e sa111ple for 5 min at 3000 rpm. (Note: acceptable stopping point if Sa111ple 

is decanted into separate vials and kept refrigerated). 
8. Pipette 7.00 mL of each extract super11ata11t into labeled 16mm screw cap glass tubes. 
9. Add 660 11Lco11c.entrated (12.lN) HCl to each mbe, cap and mix well. 
10. Place tl1e mbes in an oven or water bath at 90°C for 90 minutes. 
11. Remove mbes from heat and allow to cool witl10ut removing screw caps. 
12. Add 340 11L water to each tube, and mix well. 
13. Centrifuge tubes at 3000 RPM for 10 minutes. 
14. Use a disposable pipette to carefully transfer AT LEAST 6.5 mL supematallt (\\~tl1out 

dismrbing any precipitate) into labelled scintillatio11 vials (110 cap 11eeded). 
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15. Purify the samples with Oasis MAX SPE cartridges (6 mL, 150 mg) using the following 
procedure. 

a. Condition all cartridges with 4 mL of MeOH. Discard the eluate. 

b. Equilibrate all cartridges with 4 mL of water. Discard the eluate. 

c. Accurately load 6.00 mL of each sample onto the SPE cartridge. Aini for an 
elution rate of about 1-2 seconds benveen drops. Discard the eluate. 

d. Rinse each cartridge with nvo 3 m L aliquots of water. Aim for an elution rate of 
about. 1-2 seconds benveen drops. Discard the eluate. 

e. Wash the cartridge \\~th two 4 mL aliquots of methanol/water/acetic ac.id 
(50/49/1 , v/v/v). Aini for an elution rate of about. 1-2 seconds between drops. Dry 
the SPE cartridge after the final aliquot for at least 30 seconds. Discard the 
eluate. 

f. Elute with nvo 3 .50 mL aliquots o f ethyl acetate/trifluoroacetic acid (98/2, v/v) 
into labelled 16 x I 00 mm culture tubes containing 20 11L of 1-butanol/glycerol 
(90/10, v/w) solution. Aim for au elution rate of about 1-2 second~ between 
drops. 

16. Evaporate to dryness on a Turbovap set at 40°C using a gentle stream of 1utrogerL Adjust 

1utrogen flow as evaporation occurs ran.ging from 0.5 U min to 1.2 U nun ; the samples 
should be dry in approximately 60 nun. For preparation of neat calibration standard~, 
continue to step 17. For all other samples, skip to step 18. 

17. For ne.at calibration standards, aliquot 100 11L of e.ach hitermediate Calibration STD 
Spiking Solution (A - J) into separate, labeled, clean test tubes. 

18. Add 50.0 11L of 100 ng/mL IS in ACN to each sample. Vortex-nux. 
19. Evaporate all samples to dryness on a Turbovap set. at 40°C with a gentle stream of 

1utrogen (about 1.0 U min). [Note : It is \ital that a ny and all alcohol and water 

remaining from the pre"ious step (s) be completely chiecl off before a dcling the 
cleiivatizing agents in the next two steJ!)S, J 

20. Add 200 11L of the acetonitrile/pyridine/1-butanol (22/2/1, v/v/v) solution, to all vials. 
Vortex to mix. So1ucate briefly to re-dissolve dried extract. 

21 . Derivatize the samples and tlie calibratio1i standards by pipetting I 00 ftL of the 
acetonitrile/butyl chloroformate (90/10, v/v) solution into the tubes. 

22. hlunediately vortex nux the samples and the standards for a few seconds. Tiien allow 
the nuxtures to react at room temperature for about 15 nuuutes. 

23 . Add 250 11L 0. I% fomu c acid in water to each sample and nux well. So1ucate about 30 
seconds. 
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24. Using a syringe fitted with a filter (13 mm, 0.2 11m PTFE), transfer samples to low 
volwne autosampler vials, or autosampler vials with low volume glass inserts. If using 
inserts, this is most easily accomplished by filtering directly into the wide-mouthed 
autosampler vial, and then using a pipette to transfer filtered extract into the low volume 
insert. 

25. A1ialyze the derivatized calibration standards and samples by HPLC "~th positive-ion 
electrospray tandem mass spectrometry. 

Chromatography 

Deteml.llle the suitability of the chromatography system using the following perfonnance 
criteria: 

Standard curve linearity: Detennine that. the correlation coefficient equals or exceeds 
0.995 for the least squares equation which describes the detector response as a 
function of standard curve concentration. 

Appearance of chromatograms: Visually examine the chromatograms with respect to 
peak response, baseline noise, and backgrow1d interference. 

Supplemental l\otes 

equipment, glassware, materials, reagents, and chemicals considered to be 
equivalent to those specified may be substinited with tl1e understanding tl1at their 
perfom1ance must be confim1ed by appropriate tests. Common laboratory 
glassware and supplies are assumed to be readily available. Unless specified 
otherwi~e, class A volumetric glassware is used to prepare analytical standards, 
fortification solutions, and calibration standards. 

T11e i11str1U11ental conditions may be modified to obtain optimal chromatographic 
separation and sensitivity. 

Based on availability of material, weighing of tl1e analytical standard can be 
modified and tl1e subsequent solution preparation scheme adjusted. 
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Typical LC-MS/MS Operating Conditions for Determinin g Aminopyralid in Compost 

Instmmentation: 

Column: 
Column Temperature: 
Sample Temperature 
Injection Volume: 
Autosampler Wash 

Run Tin1e: 
Mobile Phase: 

Gradient: 

Flow Diverter 

Agilent 1290 Infinity LC System 
AB SCIEX QTRAP 5500 LC/MS/MS System 
AB SCIEX Analyst 1.6.3 data system 

Tin1e, min 

0.0 
0.5 
2.0 
2.5 
3.5 
4.0 
5.0 

Waters HSS T3, 2.1 x 100 mm, 1.8 fllll 

40°c 
10 °C 
201tL 
30 seconds of 30/30/30/ 10 Methanol/ Isopropanol/ 

Acetonitrile/ Water (v/v/v/v) at the flush port 
approxiniately 5 minutes 
A - water containing 0.1 % formic acid 

B - acetonitrile containing 0.1 % fonnic acid 

Flow Rate 
(uU min) 

Solvent A, % Solvent B, % 

600 
600 
600 
600 
600 
600 
600 

45 
45 
40 

5 
5 

45 
45 

1) 0.0 --+ 1.4 min - flow to waste 
2) 1.4 --+ 2.5 min - flow to MS 
3) 2.5 --+ end of run - flow to waste 

55 
55 
60 
95 
95 
55 
55 
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Typical Mass Speciromehy Operating Conditions for Detenninin.2 Am.inopyralid in Compost 

Ionization Mode: 
Polarity: 
Scan Type: 
Resolution: 

Collision Gas (CAD): 
Curtain Gas ( CUR) 
Ion Source Gas 1 (GS!): 
Ion Source Gas 2 (GS2): 
Temperature (TEM): 

Entrance Potential (V): 
IonSpray Voltage (IS): 

Acquisition Duration (min): 
Dwell Time (ms): 

MS Conditions: 

Elec.trospray 
Positive 
l\llRM 
Ql - lUUt, Q3 - lUUt 

10 
20 
50 psi 
50psi 
600°C 

10 
5500 volts 

2.0 
50 

Precursor Product Declustering Collision Cell Exit 
Ion Ion Potential Energy Potential 
Ql Q3 (V) (V) (V) 

(m/z) (m/z) 
Aminopyralid (263/ 134) 262.9 133.9 80 57 
Aminopyralid (265/ 136) 264.9 135.9 80 57 
Anlinonvralid IS (269/ 195) 269.0 195.0 80 27 

Anwopyralid transition 263/134 is used for quantitation. Anlinopyralid transition 265/136 is 
used for confirmation. Use of 263/161 with CE = 39 volts as a confinnation transition yielded 
too much interference with some matrices at. the very low end of the range. 

The instrumental conditions may be modified to obtain optimal chromatographic separation and 
sensitivity. 

13 
13 
13 
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