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Independent Laboratory Validation of two analytical methods for the determination ofNitrapyrin 
and its metabolites, 2-chloro-6-( dichloromethyl)pyridine and 6-chloropyridine-2-carboxylic acid 

in Soil 

INTRODUCTION 

The two draft methods GRM 07.13 and GRM 07 .14 are applicable for the quantitative 
determination of residues of nitrapyrin and its metabolites 2-chloro-6-( dichloromethyl)pyridine 
and 6-chloropyridine-2-carboxylic acid in soil (loam). The draft methods followed were included 
as appendices to the study plan which is shown in Appendix 1. Both methods were 
independently validated over the concentration range of0.010-10.0 µgig with a validated limit of 
quantitation of 0.010 µgig. Common names, chemical names, and molecular formulas for the 
analytes are given in Table 1. 

This study was conducted to fulfill data requirements outlined in the EPA Ecological Effects 
Test Guidelines, OCSPP 850.6100 (1). The validation also complies with the requirements of 
SANC0/825/00 rev.8.1 (2). 

Method Principle for Draft GRM 07.13 

Residues of nitrapyrin and its 2-chloro-6-(dichloromethyl)pyridine metabolite (2-Cl-6-DCMP) 
are extracted from 5 g soil samples by sonication and shaking with an acetone/0. lN hydrochloric 
acid (90: 10) solution. After adjusting to a final volume of 40.0 mL, a 4.0 mL aliquot of the 
extract is diluted with 25 .0 mL ofO.lN h(5drochloric acid and is extracted with 1.0 mL of 
cyclohexane containing 100 nglmL 13C2 

5N-2,3 ,5,6-tetrachloropyridine (13C2 
15N-2,3,5 ,6-TCP) 

as an internal standard. A portion of the cyclohexane extract is subsequently analyzed by 
capillary gas chromatography with positive-ion electron-impact ionization mass spectrometry 
(GC/EI-MS). 

Method Principle for Draft GRM 07.14 

Residues of 6-chloropyridine-2-carboxylic acid (6-CPA) are extracted from 5 g soil samples by 
sonication and shaking with a 0.5N potassium hydroxide/ IO% potassium chloride solution. After 
adjusting to a final volume of40.0 mL, a 1.0 mL aliquot of the extract is acidified with 1.5 mL of 
0.5N hydrochloric acid. The sample is shaken and centrifuged and a 1.0 mL aliquot of the 
supernatant is purified using a polymeric solid-phase extraction (SPE) column. After elution 
from the SPE column with dichloromethane an internal standard solution containing 13 C3 

15N-6­
chloropyridine-2-carboxylic acid (13C3 

15N-6-CPA) is added to the column eluate, and the 
resulting solution is evaporated to dryness. The sample is then derivatized with N-methyl-N­
(tert-butyldimethylsilyl)-trifluoroacetamide (MTBSTF A) to form the tert-butyldimethylsilyl 
(TBDMS) derivatives of 6-CPA and 13C3 

15N-6-CPA, and subsequently analyzed by capillary 
gas chromatography with negative-ion chemical ionization mass spectrometry (GC/NCI-MS) . 
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EXPERIMENTAL 

Test Substances/Reference Compounds/ Analytical Standards 

Test 
Substance 

TSN 
Percent 
Purit):'. 

Recertification 
Date 

Reference 

Nitrapyrin AGR023966 99.9% 11-Jul-2015 FAPCl 1-285444 
6-CPA TSN301485 99% 07-Jul-2015 FAPC13-000236 
6-Cl-DCMP AGR235850 99.4% 13-Jul-2018 FAPC14-000365 

Internal standard Batch no 
13 C2 

15N-2,3,5,6-tetrachloropyridine DE3-03 7089-33 
13C3 

15N-6-chloropyridine-2-carboxylic acid 369891-75 

• 

The Certificates of Analysis for the test substances can be found in Figure 1-3 . The above 

standards may be obtained free of charge from Dow AgroSciences LLC, 9330 Zionsville Road, 

Building 304, Indianapolis, IN 46268-1054. 


Sample Origin, Numbering, Preparation, Storage, and Characterization 

A characterized, untreated, standard soil specimen was obtained from "Lufa Speyer". A unique 
sample number (CCON/073/007) was assigned to the sample to track it during receipt, storage, 
and analysis. Complete source documentation was included in the study file . 

During the course of the study, the sample was stored in temperature-monitored refrigerators at 
approximately 4 °C, except when removed for analysis. Complete documentation for the soil 
source may be found in the raw study file. 

A copy of the characterization data sheet for the soil used is provided in Appendix 2 . 
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Calculation of Standard Calibration Curve 

Calculation of a standard curve begins with the injection of a series of calibration standards 
described in the draft methods in Appendix I and acquisition of peak areas for the following 
analytes and internal standards. 

Draft GRM 07 .13 

Nitrapyrin 	 m/z 194 (quantitative) 
m/z 196 ( confirmatory) 
m/z 198 (confirmatory) 

2-Cl-DCMP 	 m/z 160 (quantitative) 
m/z 162 ( confirmatory) 
m/z 195 (confirmatory) 

13c '5N-2 3 s 6-TCP 	 m/z 220 (quantitative) 
2 ' ' ' 

(Internal standard) 

Draft GRM 07.14 

• 
 6-CPA m/z 271 (quantitative) 

(TBDMS derivative) m/z 273 ( confirmatory) 


13C3 15N-6-CPA m/z 277 (quantitative) 
TBDMS derivative 
(Internal standard) 

For each analyte, the linearity of detector response was evaluated using standard solutions in 
solvents (non-matrix matched standards). In order to generate a standard curve, plot the 
analyte concentration on the abscissa (x-axis) and the respective peak area ratio on the ordinate 
(y-axis) in Excel. Using regression analysis, determine the equation for the curve with respect to 
the abscissa. Refer to Figures 4 - 11 for example calibration plots and to Figures 12 - 14 for 
example calculations. Individual calibration results can be found in Table 2-9 . 
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Confirmation of Residue Identity 

The methods are specific for the determination of nitrapyrin, 2-chloro-6­
( dichloromethyl)pyridine and 6-chloropyridine-2-carboxylic acid by virtue of the 
chromatographic separation and selective detection system used. To demonstrate further 
confirmation, two additional MS confirmation ions were monitored for nitrapyrin and 2-chloro­
6-( dichloromethyl)pyridine in draft method GRM 07 .13 and one additional confirmation ion was 
monitored for 6-chloropyridine-2-carboxylic acid in draft method GRM 07 .14. 

Inject the series of calibration standards and acquire peak area for the following analytes. 

Draft GRM 07.13 

Nitrapyrin 	 m/z 194 (quantitative) 
m/z 196 ( confirmatory) 
m/z 198 ( confirmatory) 

2-Cl-DCMP 	 m/z 160 (quantitative) 
m/z 162 ( confirmatory) 
m/z 195 ( confirmatory) 

• 

13C 15N-2 3 s 6-TCP m/z 220 (quantitative) 


2 ' ' ' 
(Internal standard) 

Draft GRM 07 .14 

6-CPA m/z 271 (quantitative) 
(TBDMS derivative) m/z 273 (confirmatory) 

13C3 
15N-6-CPA m/z 277 (quantitative) 

TBDMS derivative 
(Internal standard) 

Statistical Treatment of Data 

Statistical treatment of the data included but was not limited to the calculation of regression 
equations, coefficient of determination (r2) for describing the linearity of calibration curves, and 
means, standard deviations, and relative standard deviations of the results for the fortified 
recovery samples . 

• 
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Communication 

CEMAS, the IL V laboratory, had to request clarification from the Sponsor regarding the 
preparation of the extraction solution in step 6.3 .1 of draft method GRM 07.14, due to a 
discrepancy between the concentration and the preparation instructions. The correct instructions 
are documented in the section Changes to the Method below. 

The Study Director (Teresa Devine) contacted the Study Monitor (Andrea Grotenhuis) by e-mail 
on 04 December 2014 and a response was obtained later the same day. This communication 
occurred prior to the fortification and analysis of the first set of samples following draft method 
GRM07.14. 

Changes to the Method 

The following changes were made to the method to allow the correct weight of potassium 
hydroxide to be used in preparation of a solution. 

Draft method GRM 07.14, Step 6.3.1 

0.05N potassium hydroxide / 10% potassium chloride 

• 
The preparation description is corrected to "Weigh 56.11 grams of potassium hydroxide 
(corrected for purity) and 200 grams of potassium chloride into a 2000 mL volumetric flask .. . " 

CONCLUSIONS 

The analytical methods draft GRM 07.13 and draft GRM 07.14 (as detailed in Appendix 1) for 
the determination of nitrapyrin and its metabolites 2-chloro-6-( dichloromethyl)pyridine and 6­
chloropyridine-2-carboxylic acid in soil have been demonstrated to be satisfactory in terms of 
accuracy, precision, linearity, and specificity. Both methods were independently validated over 
the concentration range of 0.010-10.0 µgig with a limit of quantitation of0.010 µgig . 
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Table 1. Identities and Structures 

• 


Common Name of Compound Structural Formula and Chemical Name 

nitrapyrin 

Molecular Fommla: Cr,H,Cl4N 
Molecular Weight: 230.907 
Monoi topic Mass: 229 

CASNumber 1929-82-4 

Clu 
(Cl3) 

I 
~ 

2-chloro-6-(trichloromethyl)pyridine 

2-chluro•<Hdichloromcthyl)pyridinc 

Mo lecular Formula: C,,H4 l1N 
Molecular Weight: 196.463 
Monoisotopic Mass: 195 

CI\S Number 78152-53-1 

I ~ CIVCH(Ct,) 

~ 

2-chloro-6-(dichloromcthyl)pyridinc 

[2.6- IJC 15 ]-2.3.: .6-tetrachloropyridine 

l\folccular Formula: l}C1C3HCIJ 15N 
Mulccular Weight: 219.859 
Monois.olopic Mas· : 2 1!! 

AS Number not available 

Cl·uc~N-1• ,.....C l 

C\UCJ 
[2,6-BC 15 )-2.3,5,6-tetrachluropyridine 

Common Name of Compound Structural formula and Chemical Name 

6~chloropyiidine•2•carboxylic acid 

Molecular Fom1ula: C,.H.4CIN02 
Fonnula Weight: 157. 6 
Monoisotopic Mas : 157 

CAS Number 4684-94-0 

UR
Cl C-0 -1 

6-chloropyridine-2-carboxylic acid 

13C1 
15N-6-chloropyridinc-2-carboxylic acid 

Molecular Formula: nC,C, H4Cl15N02 
Fonnula Weight: 16 1.53 
MonoiS-Olnpii; r..fas ·: 16 1 

CAS Number not available 

13C 
~o 

~C II
er""' 15N/ 13c-oH 

IJC/ 5N-6•chloropyridim:-2-carbuxylic acid 

• 
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ORM. 07.13 
f.Fl'cCTIVE; 22-Sep-2014 (Draft) 

S l'ERSWES: New 

lxtffllltnauon of Residue u Nirrapyrin and its 2-Chl~dichloromethyl)pyridi~ 
Mctaboli1c in ii by GllS ChromalOgl'llphy with Posirivc-lon F.l«1ron-lmpact 

lonizotion M11$S pectromcuy Dct«tion 

c. L Olbmling and 0 . E. Dial, Jr. 

This method is applicable for rhe qu:inril411ve deknni11111ion ofn:siduc:s ofnitrapyrin 
and ,rs 2-chlllf1>+(dichloromcthyl)pyndint' \2-Cl-6-DCMP) mclllbolne m .soil. Tlk: 
nlelhod was alidati:d over the concentration range of0.010.10.0 I' g "'ilh a v11hdalcd 
hmit ofquantitarion of 0.0 IO 11g.!g. 

• 

...., CHCI.)
Clv( l,J CIVN .I ...., 

6 I .& 

Niuapynn 2-0-6-0CMP 
CAS o. 1929-~2-l CAS No. 781H·Sl• I 

The common anJ chemical names, the molecular fonnulu, 1111d 1he nominal masses for 
1M above 5tructurc<1 and rcla1cd compounds an: given in Table I. 

2. PR! IPL 

Rc:uducli ofmm1pyrin and its 2-Cl-6-0CMP mctabol11e ilre utr.Jcted from a 5-gr,im 
<w>i l sample by n,c:iuion and &h:llong with an 1Kctone10. l N hydnJChlonc acid (90'. I 0) 

luclon. After adju.'lting IO a final volWUt of40.0 ml. a 4.0.mL aliqUOI ofthe ntrac1 
is diluted wuh 2S mL of O. I JII hy<lrochlonc acid and then Clllnletc'CI "1th l .O mL of 
cyclollexanc containing I 00 ng:'mL 11C1ll -2.3.S,6-retmchloropyndine as an internal 
standard. A portion of the cyi:lohcltllne e,itta I i ubsequet11I)' analy2cd by capillary 
gas chromatol!fal)hy with positive-mo etcc11011-1mpac1 ionization ,nass specrromeuy 
lOCIEI-MSJ. 

0RM 07.IJ 

• 
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J. 	 SAFJ::TY PRECAUTIONS 

J.1. Each analyst 1t1us1 be acquainted with the pocent.al hamrds of the n:a,genis. product.s, 
and sol tilt u.~ in this method before c n1mc:nci11g laboratory wl.K'k. SOURCES Of 
INFORMATION INCi.UDE: MATERJAL SAFETY DATA SHEETS. LITERATURE. 
A O OTHER RELA TEO DATA. Safcty infom10tioo on non I.low Agro.Scicnce:1 LLC 
products should be obcained from the containcr labd or from the suppUtr. Disposal of 
reagents. rc.«:lllnls. and sol\'ents must be in compliance with loclll. state. Md federal 
laws a,id regulations. 

3.l . 	 Acc:Cone and i;yclohcxanc arc: flammable and should be used in well-ventilated areas 
away from ignition soon:~. 

3.3. llydrochlori :1<:id 1s torrosl\'c and can cause severe bums. It is imperative that proper 
eye and p:rsooal prou:c1ion ~u1pr11Cfll bc worn wbt:n handling thi$ migcnt. 

3.4. 	 Dry ico: and liquid nttrogen can cause: severe bums or pose a suffocation hazard. h is 
imperative that proper eye ,u,d pcrsonul proiection equipment be worn whro handling 
rheso: chemical • 

• 

4 . Wl.lll!MENJ(Nl)te ll.1.) 


4.1. 	 I ahorato(X CQYJPJJJCDI 

4. 1.1. 	 Balancc:, ltlllllytical. Model AEIOO. Meuler-Toledo Inc.. Columbus. OH -43240. 

4.1.2. 	 Balance. pan, Model PM600. Mcttlcr•Tolo:do Inc. 

4.13. Centrifuge. w11h rotor to accommodate 4S·mL vials, Model Ccntra•Gl'8, n.crmo 
lnt.:mational Equipm,:111 Company. Nc:cdham Heigh!$, MA 02194. 

4.tA. 	 Desiccator, 250..mm i.d., caulognumbcr0*·61SB, Ft.hcrScrcnlific. Pittsburgh. !'A 
I 275. 

,us. 	 Hammer m.ill. with li8· and 16-inch screens. Mod.:12001. GVISE Lal>ora1orics, 
Inc., Nonhwoud, ND 58267. 

4.1.6. 	 Oven, Model OV-490A,2, Blue M Elcc:tric Company, Blue bland. IL 60406. 

4.1.7. 	 Pipet. posithc..Jii.placc:mem, 10..100 µL capacity, catalog number M l(JO, Gilson Inc.. 
Middleton, WI SJS62. 

4.1 .~. Pipct, potsitivc-displaccmi:nt, 200. I 000 µL capacity, calltlog number M 1000, 
Gilson Inc. 

4.1.9. ShakCT, vanable $peed n:c1procating with box carrier. Mooe! 6000. Ebt-rbach 
Corporation. Ann Arbor. Ml 48106. 

GRM 07 l l 
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4.1.10. Ultr11.1omc dcancr, Model 1200. Br nson Cleaning t'qu1pmc11t Cl)lllf)Q!ly. Shelton, CT 
06484. 

4.1.11. Voncx mixer. Model G-S60. Scientific lndu.itrie fr1e•• Bohcmr.1. Y 11716. 

4.2. Chromatographic System 

4.2. 1. olumn. capilhuy g chronlAlograph , Durubond-SMS liquid phase. 
30 m x 0.lS mm i.d., 1.0.µm film thick11C$S, catalog number 122-S JJ, Agilc:nl 
Tc:chnolo ies. ant.I Clara. A 9SOS I. 

4 . .2 .2. Gas chromatograph. Model 90 • Agilent Technologies. 


-l..2.3. Gas pun tier, ca1.1lo number OTJ-2. Agilent T c,;;hoolugi~. (Noce 12.2.) 


4.2.4. ln.JCCtOr. automaric, MoJel 76 3, Agilent Technologies. 

4.2.5. lnld hncr. PTV. muhi-bal11cd. catalog numbcr 5I83-2037. silent T«hnologics. 

·'-2.6. M s speclromctcr, Mudcl 97)N. A ilclll Tcchnologies. 

• 4.2.7 . 1 $1)«1Jomct<T dala system. Model O170 IDA. Agilent Tc:chnologi 

s. GLASSWAREAJ DMATERIAL (NOie 12.1.1 

S. I. Cylinder, grodu:itcd mixing, SO.ml. C1114fog number .l002-50, Coming Inc.. Acron. MA 
01720. 

S.2. Dish. aluminum wcighing. catalog number 08-732. fi~r Scientific. 

S.3. Fl k, volumetric, 50.mL. catalog number S640-SO, Coming Inc. 

5.4. J-1ask. volumclric. 100-ml. c talog number S640-100. Coming Inc. 

S.S. f-1:isk, volumetric, 200-ml.. catalog number S640-200, Coming Inc. 

S.6 flask. volumetric. I 000-n\L. ca11lo11 number 5640-1 L, Coming Inc. 

5.7. f1 k. volumc:1rk 2000.ml.. callllog numb(r 5640-:?L. Coming Inc. 

5.8. Pipel. serological. S•ml. callllog nwnbcr 7077-SN, Coming Inc. 

5.9. Pipct. serological. 2S-mL, catalog number 7077B-2S . oming Inc. 

S. I 0. Pi pet, volumdlic, 1.0-ml., catalog numllff I )-6SO.J8, F1 'hc;r Scccntilk 

S.11 . 1'1pet, volumetric, 4.0-ml.. c culog number 1J-6SO-JE. f isher Scientific. 

C~1 07. IJ 
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S.12. Pipet, volumetric, 10.mL, catalog number 13-6S0-3l., Fisher Scientific. 

S.IJ. Pipel, volumetric. W-mL. catalog number I3-6S0-3 , fisher Scientific. 

5.14. 	 Pipct, volumetric, 2S-mL, catAl<>g number I J-650-JP. Fi.\her SdentlfH:. 

5.15. 	 Pipet. volumetric. 30-mL, catalog number I3-6SO-JQ. fisher Scientific. 

5.16. 	 Pipet, volumetric. SO.ml.. c.itJilog number I J-650-JS, Fisher Scicntifi<:. 

S.17. 	 Pipe!, volumctnc, 200-mL. catalog number 13-6.SO-JW, Fisher Scientific. 

5.18. 	 Pipet tip, positi,·c-displaccmcnl, 100-µL capacity, catalog number CPIOO, Gilson Inc. 

S. 19. Pipct tip, posilivc-displacement. 1000-µL capacity, c.aulog numberCPIOOO, 
Gilson Inc. 

5.20. Vial, 2-ml., auto.sampler, cataJos number C4000· tW, National Scientific Company, 
Rockwood. TN J78S4. 

• 
5.21. Vial. 11-mL, with PTFE-linro screw cap, catalog number 2S04T, Qotpok, 

Bridgeville, PA 15017. 

5.22. 	 Vial, 45-mL, catalog number 60958A- l 1. Kimble Glass Co., Vineland, NJ 08360. 

S.23. 	 Vial cap, PTFE-lined. for 45-mL vial, catalog number 520:S, Qotpok. 

5.24. Vial cap, for auio~mplcr vial. catalog number C40Q0..548, ation•I Scienufic: 
Company. 

5.25. 	 Vial insen. limited-volume, for autosompler vial, clWllog number C4-0l l-63 I, Natlonnl 
Scientific Con'()any. 

6. 

6.1. 	 ~ 

6.1.1. Ac~lone, Omni Iv grade. catalog number AXOI 16-1 , EMDCht1nicals Inc.. 
Gibb$town. NJ 08027. 

6.1.2. 	 Cycloliel!;me. OmriiSolv gr.i<k, a1alog nu~r CX2286-I. EMO Cl1emicals Inc. 

6.1.3. Desiccan1, Driertte adsorbent. catalog number 2400 I. W. A. Hammond Drieritc: 
Company. Xenia, 01145385. 

6. 1.4. 	 Helium, gas. 94.9<15% purity, BOC G:ises. New Providence. NJ 07974. 

GRM07. ll 	 P11!1<4 
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6.1.5. Hydrochloric acid. 0.1 N. certified concentration. ca1alog m,mber SA.54-1. Fisher 
Scicnnfic. 

6. I .6. Nitrogen, refrigcraled liquid, caialog numb<!r LQNI, BOC Gases, New Providence, NJ 
0?97~. ( otc 12.3.) 

6. 1.7. Pc:mut oil. cooking grade. Planters Company, Ea~• Hanov~. NJ 07936. 

6.1.8. Water. OmniSolv grade. catalog number WX0004-1. EMO Cbemicul Cnc. 

6.2. St:mdilrds 

6.2. l . ni1rapyrin. 2-chtoro-6-(1richloromcthyl)pyridine 

Obla.in frum 1hc Test SubslllllCC: Coordinator. Dow AgroSc:icncc,, LLC. 93:30 Zionsville 
Roa(!, Building 3(14, lndillllJlpoh • IN 46.268. 

6.2.2. 2-<hloro-li-{dithlo,-omcthyl)pyridi11c: 

Obtain from 1he Test Subscarn::e CoordiruilOI', Dow AgroSc:icncc:s LLC. 9330 Zionsville: 
Road. Building 304. Indianapolis. I 46268. 

• 
 6.2.3. 1'Cz'11 -2,J.5,6-cetr:i hlorupyridine 


Obtain from the Specialcy Synthesis Group, Dow AgroSc,cnces LLC. 9330 Zionsv,llc 
Road. Building )06, lndianapoll,. IN 46268. 

6.3. Preoawl Solutions 

6.3. l . acetone/0.1 N hydrochlorn: add (90: IO v/V) 

P1pe1 200 mL of0.1 N hydrochloric acid into a 2000-mL volwnctric tlask containing 
approximately 1500 mt ofac.e10ne. Swirl lhe flask ond allow 10 cquilib111te to room 
1emperature. D1lu1c 10 \'olumc wnh acc1ooe. 

6.3.2. cyclohexane conmining 250 µglmL ofpeanut oil (No1e 12.4.) 

Weigh 0.50 gram of peonu1 oil and quantitalh-ely tnmsfer ro a2001)-ml. ~olumc:tric 
fla.\k cot1t.lining approximately 1SOO mt ofcyclohexane. Swirl tnc Oask. 1111d dilu1e to 
volume with cyclolicxane. 

7. PR.EPARAT!ON Of STANDARDS 

7. t . Prtppnuion o(Nitrnpycio and HJ1loro-6·fdicbforome1hy1Jpytidinc t·onifigujon
S2lini.om. 

1.1.1 . Weigh 0.1000 g ot'n11rapyrin analycical 3tandard an<I quan1iratively tnnsfcr 10 a 
100-mL \'Olunll:nic flask with acc1one. Oilule to volume with acct011c ro ob1;in a 
1000-µg/mL stock solution. 

GRM07. IJ 
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7.1.2. Weigh 0.1000 g of 2-c:h10t0·~d1chlon>m<'1hyl)pyridil\c: analyiical standard and 
qua111i1at1vel ll'I\ fer 10 a 10()..ml... volumernc na~k with cc1one. Dilute to \Olumc 
with !ICttooc to oblain a IOOO µg,mL siock solmion. 

7. IJ . P1pet 10.0 mLor1M 1000-µglmL soluiion trom Sccuon 7.1.1 and 10.0 mL of the 
1000..µg.'mL solution from Sec1ion 7.1.2 in10 a single 200-ml... volwnetri Oask and 
dilulc IO volume with acetone to ob1ain a s1ock solulion containin 50.0 11g/mL of each 
compound. 

7.1.4. 	 P,pet 20.0mL f!hc 50.0.µ g!mL solution from Secuon 7.1.3 i1 to a 20(>-mL volumcmc 
flMk nd dilute 10 volume wirh acetone to oblain a solution containing 5.00 11g;1nL o 
each compound 

7.1.S. 	 Pipet 20.0 mL of the 5.0()..11gtmL solurion from S«:11 n 7.1.4 imo a 20()..mL volumctnc 
lla.sk and dilutt to vol um.: with IICclon«: to obtain a solution contaimng 0.500 11s,'mL of 
each C()O'lpound. 

7.1.6. 	 Ptcpa~ solutions focspiking mpl~ by diluting the above stock solu11ons from 
Secti0t1 7.1.3-7.1.S with aceton as foll 

• 	
Cooccntratioo Aliquo<of FilUII Soln. piking Soln. l:quivak111 
ofSlock Soln. St.ock Soln. Volume FinalCooc. S3.lll(lleConc.• 

µ!¢ml ml mL µivml... µgig 

0500 JO,O 100 0.150 0.00 
o.soo 50.0 100 0.250 0.005 
0500 0500 0.0 10 
s.oo 25.0 100 I 2SO 0.02S 
5.00 so.o 100 2 • .SO o.oso 
S.00 	 5.00 0.100 

50.0 25.0 100 12.5 0.2SO 
50.0 50.0 100 2S 0 0.500 
50.0 	 50.0 1.00 

• The equi,·ak:nl S.'.lmple concent1111ion 1s based on (ooi fyini: 3 S.(l..gf'3rtt :io1I mplt 
with 100 11l ofspilung lution ~mpl can be fomlied u.,ing up to 1.0 ml of 
piking .olulion. 

7.2 	 PJxooration of the " CP N-2.J • .S 6-Tctr;tchloropyridme Internal Srarn.lard Solu119n 

1 2.1 	 Weigh 0.00SO gofthc 1°C, 11N- .3.S, ctmehlon.'Pyridine (" C,llN,2J ,S.6-TCP) 
n:fer,;noc tandard nd quantil th~ly minsfer to a .SO.mL volume1ric f13Sk with acetone. 
Dilute to "olume with ac.:tonc to obt:,in 11 100.0-µClm L !llock >lution. 

7.2..2. 	 Pipc:1. 1.0ml of the 100 O.µ ivmt solution from Scetioo 7.2.1 illlO a 1000-ml 
volumelric fl and dilute to volume wilh C)'Ch.lhc•llllo rontainini: 2SO µg.'mL of 
pnnv1 oil. This olution coo1ain5 100.0 nglmt or 11C1'~ · 2,J.S,6-TC'P. 
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7.3. l. 	 Prepare calibralion tandllnls by di51)('n mg 100 µL of the O. ISO.S0.0.µg/mL 
fortification sululiuns from Section 7. l.6 into a Stties of I I ·ml vials conuinlng 
10.0 ml of11k: mtcmal SWldard l111ion from Section 7.2.2 and lim1ly seal wich a cap. 
Vonei mix the candards for 1-2 s«onds. The conccn1tatioos ofcbe tahbration 
slllndards nri: u follows: 

Concenlnltion AJ,qoot of Final Soln. alib In. Equivalent 
.9fSplkmg ~ ln S{'I< . Soln . Vulumc Final Cnnc. Sample Cone.• 

11gfm~ 11L mL nBfmL 11gtg 

10.0 0.00 0.000 
0 ISO 100 10.0 1.50 0.003 
0250 100 10.0 2.50 0.005 
osoo 100 10.0 5.00 0.010 
l.2SO 100 10.0 12.S 0.025 
l.. 0 100 10.0 25.0 0.050 

00 100 100 50.0 0.100 

• 	
12.5 100 10.0 125.0 0.250 
25.0 100 10.0 250.0 0.500 
soo 100 10.0 soo.o 1.00 

• 	 The equivalent wnple con\'.cnlration is d on using ~ .0-s;am soil nlf'le and a 
final wnple volume of 1.0 mL 

I!. 

8.1 . ~ 

Ins.I II the PTV column inlel. hntt and the c p,llary column in !he P1V rnJtetion pon of 
the gu chromatograph following 111c m:inufacturu' rtt0n'll11c!nded procedutts. 

8.2. (Nute 12.S.) 

Agiltnl Moo.It! 6890A J!llJ Chroma!~ 
Agilent Modtl 7633 utoinjectPr 
Agilent Moc:l,,I S9B ma ;;pectmmerer 
Agilent Model G1701 OA data s tcm 

Column: J & W fu.,cd silica capillary 
Ourabond- MS liquid phll.'IC 
0 m x 0.2S mm i,d. 

1.0-µm fi lm tl\lclc:neu 

GRM 07 I) 
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Carner GIili Method: 

Constant flow 
Vacuum Compensation 
Initial Head Pre!Sure 
Linear Velocity 

O,,cn Me1hod: 

Initial Tcmpcr.1ture 
Initial Time 
Program Rate 
Final Tcmperruure 
F1nalTimr 

Transfer Linc 

Injection Method: 

Initial T empcroturc 
Initial Time 

• 
Progran, Rote 
Final Temp.:rnture 
Final Time 

Purge Delay 
Splitter Flow 
Sqitum Purge 
l11Jettion Volume 

8J. Typical Mass Specrromeuy Qpemini: Condiliun, 1N0tc 12.5.) 

Detttlor Mode: 

Source Temperature 
Quad Tempera1ure 
Calibration Program 
Elcerron Multiplier 
SIM Re.solution 
Dwell Time 
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Pl,gcJ6 

helium 

I.OmUmin 
on 
,6() kPa 
,37 cm/ 

1o•c 
1.17 min 
20° mm 
12o•c 
1.33 min 

2 o•c 

prognmmnhle temperarure vaporiZC1' • splitless 

JO•c 
O.IOmin 
soo °C/min 
2so •c 
5.0 nun 

l .07min 
S0m1Jmin 
on 
I µl 

po 111ve-ion clectron-,mpa<:t io,,ization 

2 o•c 
1so •c 
electron-impact ionirarion autotunc 
17SO volL, (-450 volis above autOfune) 
high 
SO msec 

P•goX 

• 




• 


Ions Monilorcd: 

nitr:ipyrin 
quantillltion 
confirmation (primary) 
contirmation (li«Olldary) 

2-Cl40CMP 
quantitaoon 
confimiation (prim:iry) 
confatmAtion (secondary) 

1 C/ 1N•2.J.S,6-TCP (!STD) 
quanti111tion 

8.4. ~ 

ml: 19-1 
ml: 196 
ml: 198 

m,'z 160 
,,,t: 161 
n - 19S 

11 ~ 120 
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Full•,iClln mm SJ)«tril ofni1111pyrin. 2-chlorl>-6-{dt,hloron1cthyl)pyrid1ne. nd the 
" Cl"N-2..J.S.6-tttl'II hlol()pyrid,ne intcn\11 siandard are ilh,stnattd in figure I. 

• 
8.S 

For the detc:rmination uf niuupyrin in soil using the quancicutioo ion ml: 194, a C)'J)ical 
~-alibratioo cut\'e and reprc:sen1a11ve chromalojlrams of sbn;J.ard, a conlJ'ol n1ple. 
and a O.OI0-1,1g/g (l.(jQ) recovery mplc an, ill11$lnlled in Fig= 2-S. 

For the dct~nninauon ofnitr.ipynn ,n S-Oil u.1inl! the confinna11on ion ml: 1%. t)'J)ical 
calibratioo cu"'c and rcprcscruativc chrom,uograms ofa standard, a control sample, 
and a O.OI0-1,1glg (LOQ) r«omy sample re illustrated in Figures 6-9. 

FOi' rhc determination of nitrapynn in soil using the confinnat1on ioo ml: 198, a typical 
calibralion nirvc and rcprcsentati,c chron\atogninu ofa ,landard, a control sample. 
and a 0.010-..g/1 (l.OQ) n:;;o,cry mple are 1ltusri· led in figures 10- l). 

l'Qf the dctcrminati0t1 of 2-Cl-6·0CMP in . ,I usm111hc quantit.11ion ion ml: 160. 11 
typu:al cahbnllion curve and rq)rC$Cntnr1ve cltromatogrums ofa • iandard. 11 control 
sample, and a 0.010-µgl LOQ) recovery $ample arc illuslJ'atcd in Figurts 14-1 7. 

l'or lhc determiniuon of2-Cl-6-DCMP msoil us111g the co11finna1ioo ion mr. 162, a 
rypic:il calibrauon curve and rq,rcsm11111vc chromal<>grlllllS of a S1311dard, aconrrol 
sample. and a 0.010-µg/g ILOQ) n:1.'0vcry sa~lc .m illustrakd in Figum. I ·21 . 

For I.he dctc:nninarion of 2-C14-0CMP m soil using the confirmalion ion ml: 195, a 
l~pical calibration curve and rq,mcntari~ chromatograms of• tandard. ia control 
Solml)lt, *1ld a OOlO-µg/g ILOQ) ~ovtry. ~le re ilJl&.Slrated in t' igum. 22-25, 
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9. 

9. I. 

9.2. 

9.2.1. 

9.2.2. 

9.2.J . 

• 
9.2.4. 

9.2.S. 

9.2.6. 

9.2.7 

9.2.8. 

9.2.9. 

9.2.10. 

9.2.11. 

9.2. 12. 

9.2.1 . 
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Sample l'Rlli!@lioO 

~ wil samples for analysis by freezing wuh dry itc or hquid nitrogen and then 
grinding or chopping using a hammer mill 10i1.h a 118- or 3116-inch scn:m size. 
Prep3red so,I runples should be 1oml lrc,ien al approximately -10 fo ·20 • until 
analysis. 

Sample Analysis 

Weigh S.0-g port11K1 of1hc pt'q)llred soil sampl<: 1nco a series of4 ·ml.. gllw vials. 

for preparing fortified samples, add 100.µl aliquots of the appropri11e spiking 
solutions (Section 7 .1.6 10 eocompas, the n«:«$$11)' c_cn,1111ion range. 

Add 2S ml of t.hc IKclooc,0.1 ydroc:hloric acid 190:10) cxiraction solution 10 the 
sample vial . 

Cap die vial wnh a PTFE-hncd cap, a.nd sooicatc: the: sample for llflPl'l!Ximately 
IOminu1es. 


Shake th<- ,iamplc vial for a minimum of JO minutes on a !'e\:iprocaung shalttt a1 


pprox,marely I80 excursion, 'minuet-. 

Centrifuge: the sample vial for 5 minutes al 2000 rpm. 

Transfer the: Kcionc/0.1 N hydrochloric aod au111:tion ~ucion into a clean SO.ml.. 
gr.iduat'-"1 mix,na 9h1-.Jer. 

Rcpc:a1 Steps 9.2.3-9.2.6 wult IJ ml ofthe Kctonc10,I N hydroc:hloric acid l9(): 10) 

extr-"4'tioo 50lu1ion. 


Combi~ the 1ccton<:/O. I hydrochloric acid extraction solullon fiom 1cp 9.2. with 

!he 2S ml from 1q, 9.2. 7. 


AJjllSI lhc volume in 1hc graduated 11111tin11 cylinder to 40.0 ml with addi1ional 

~ctoot/0.1 N hydrix:hloric acid (9(): I 0) extm:tiun solutiun. Slapper 1hc cylinder and 
mix thoroughly. 

Pii,et4.0mLof111¢ • nple>10lu1K111 from tep9.2.10imo clc,n4--mLvial 

Add 25.0 ml of0.1 N hydroc:hlori acid. S gram, ofsodium chloride, and 1.0 ml of 
cy lohcxane onwmna thl' internal lalldard (Srtlion 7.2.2) 10 lhc: $11~k \<ial. 

Cap lhc sample vial wi1h a PTFF..- lincd cap. and shake the Hmplc for a minimum o 
IO minute~ on a reciproc ting sh er t pprollimlltcly 180 cxcunionslminuie. 

Peac to 

• 
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9,2.1-*. 	 Centrifuge the s;ample ,•ial for S minutes at 2000 rpm. 

9.2.1 >. Transfer a pcll'1ion of 1hc cydohCl!.llne (lop) layer lo a 2-mL aulos.1111plcr vial containing 
a limi1c,holume illiCrt and 5ffl lhe ~ial wi1h a cap. 

9.:?. 16. 	 Analy~ lhe calibralion t~ds (S«llon 7.3) nd samples by \'.apillary l!ll:I 
chrumatogroplly with c~ron-inip;tct ,onizalion n · "l)CC{l'llln.:try as described in 

S«1ions 8.2 and . . Dctennine lhc uilllbility or the hromalographic system 11$ing 
the following puformancc rn1cn:1: 

a.. 	 Stand:trd curve lincamy: ~ennine 1ho11he c~m uml of de1enninouoo (r' ) equals 
or cxc«ds 0.990 for the least 5<1uarcs equation which ck$cribcs the detector 
response as a func11on of tandard cun·c conccnlralion. If l)Oll(CT regression is used. 
th<: power cxponcn1 should be between 0.90- 1. I 0. 

b. 	 Peak rc50fu1ion; Visually dctmninc: tha1 sutlicient rcsolu11on ha.s been JKhicvcd for 
lhc: analy1c llnd 11111,ni.il lllnd.&nl rd.alive: to back&TUund inlcrfcrcnces, 

• 

Appearance ofchromatog1111 : Vi wally determine 1ha1 the chroolatogrnms 

resemble lho$c shown in figurcs 2-25 wnh respect to ptak respunse, baseline ooise. 

and background interference. Visually detcnrunc that a minimum ignal-ro-noi~ 

ra110 of I 0: I has b«n anamCJd for the analytc in 1hc S.OO•ng/mL calibration 

standard . 


9.2.17. 	 If the sample Clltncts con1&in analytc c~mntions that cllcccd th<: linear range of th<: 
tandard caliln1ion cuNc, dilute: those umpks whh an :tPPfOl)natc amount of the 

cyclohcx.ane m1emal mndard solu1i n from S«tio11 7.2.2 10 obtain n:spotlSCS wilhin 
the range of the cahbr.atlOII cuNc. 

Altcmalivcly. another aliquol of the sample solution from Step 9.2.11 can be 1akcn. and 
cxlractcd a.~ described in Steps 9 l . 12-9.2. 14 wing a larger volume 11f cycloocxane 
containing the mtcrml standani. 

10. 	 CAI.CUI.AXIONS 

I 0.1. 	 Calcut,nion 0CS1and;ud C1hbca11o0 CM£Yc 

JO.I ,I. 	 lnjc,;t the scrie11 of c:11libra1i1111 sllllldanl tlncnbc~ in Section 7,J. I and determine the 
peak amis for the analyl.:t. anJ int~I ~rd as indicated below, 

mlmpynn 	 ml: 194 (quantillllion) 
ml: 196 (primary continnation) 
ml: I~R (s..-c0<1d.lry conftnnatioo) 

2-0-6-0CMP 	 ml: 160 (qwn111a1ion) 
ml: 162 (primary confirmation) 
ml: 19S (sccoodary ronfirmation) 

"c~'sN-2.3.5,6-TCP 	 ml: 220 (qu:m111atiOlll 
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10.1.2. 	 For each slaodard. catculatc each amdytc' qWllltillltion n1110. 

For cl\amplc. u: ing the nurapyrm ml: 194 d; ta from f igure l : 

peak rca of quantitation IOll
Quanlit rion R lln • 

peak area of 11Ucmalstandard 10n 

nitrnp)Tln peak area at ml: 194Quantitation Ratio 

3556
Qumuitauoo R.alio • - 0.04307 

82557 

10.1.3. ~a suodanl curve by ploui1111 the analytecooccnlrlltion on the abscissa (x-a is) 
and the: n:sl)(CIIVc: q11ant i1a11on nmo on the ordinaic (y-axi ) H shown in Figu!l' 2. 
U ini R' cssioo anal is. dcfcnnme the equ.,tion or the cutVc with n:spcct to the 
absci sa. 

• 
I' c,Jmplc. mg power re• ion ( l) . l} with the ni!l'llpyrin '"1: 194 data fivtn 
F1gurl' 2: 

y ~ coo nt x x<exponeot) 

__Y_	 ) llup<>nent
X ( roost.ant 

nitrapynn quanticauon rn1io 111 OJ 91
n11rap)l'in • 
(nic/mL) ( CO Ian! 

1litrapyrin ( ni~~nquan itatJ()llnlOO 1/1.01891 
(ng/mL) • 0.008}4 

10.2. 

10.2.1. 	 lxlennine the aross contcmtration in each =ovcry mpk by sub rirutma the 
quantitation rntio obraincd inlO the: bovc equation and solvin11 foe- the concentration. 

l'or eun-.,le. usin11 he data ror he 11itr11pyrin ml: 194 ion from Fill'ff'C 5: 
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.. (0.04427)1/ 1.01891 
0 .00834 

n1!1'11pyrin ., S.147 nSfmL(gross) 

10.2.2. Convert 11\e concemrauon (ngiml) oflhe 3nalyre foun4 in 1tw: prqr.)l1e(I ~rract lO the 
concenJration (µ&fg) of the 11nalyte found in the onginal sample as follow. · 

cxtr.K.'lion final l
rutr.ipyrin • nilrapynn ,. ,olumc • >< •'Olull'.¥! x 1.00 1• • 
gross µg.'g) (~ nglml) aliquot sample 1000 11 •[ 

volume weight 

nhrnpyrin nitnpyrin 40.0 mL 1.00 mL I.Oil I'll )• ---x---><(&rws µgig) (gross ng/mL) ( 4.00 ml 5 gram IOOOng 

• 

ni1Apyrin 
 S.147 ng/ml " 0.002 ml ,q,g

(gross µgig) ll" ni; 

ni11111pyrin 
~ 0.0103 µgig(gross) 

10.2.J. Oetennine 1he ne1 cooccn1rauon in '3Ch reooveey mp!e by wbl1111Cting uny 
connibuuoo rowut at the expected rett111ion 1irnc: of1he analyte in 1.he control mpli! 
from lh:lt oflhc gross analyte coocrn1ra11 n in 11\e recovery sample. 

For exomple. wung 1he dala for Ille n11r1pynn mk 194 ion from F,guros 4 nd 

nirrapynn • nitrapyrin _ ni1.t11pyrin 
{net µgig) (gross µ#g) (oontrol 11g/g) 

nttrap)TIII - 0.0IOJ 1111/'g 0.0000 ll!VIC
(nel µgig) 

nilrllpyrifl 0.0103 jJ.P lg 
(net) 

a 
"' 
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I 0.2.4. 	 Dc1enninc lhc percent recovery by dividing lhc net conccntl1llion ofeach rceov..-y 
$ample by the theoretical conc.cntration nddetl. 

CQncentn11in11 found " 1Oln'• 
conc~ntrntion added 

O.OlOl 11glg • l~foRecovery 
0.0100 l'WII 

Recov~ry IOJ~~s 

I0.3. • •nn na1to11 f N tra 

10.3. I. Determine the gross concentrntion of the an3lyte in the treated sample by substitu1.ing 
the quaniitatioo rJtio obtained in10 1he equation for th.i sland:ml calibrJtion curve and 
calcularmg lhe Ul\coo~-ctoo n:liidue n:i.ull as d.:scrib.!tl in Sections l 0.2. 1-10.2.2. 

• 
I O.J .2. For tho5e nalyses lhal require cOfT'llCtion for method recovery, US<.l the average 

r;:covery of 1111 the recovery samples fonilk'd 31 or above the limit or<1unnti1Jllion from 
a given ~mple set 10 correct for me1h,'ld efficiency. 

For eitample. using the dilta for 1he nitropyrin mlz 19-1 ion from Figure Sand Table 2 
for the samples analyzed on 15-0.."C-2008: 

nitrapyrin nitrapyrin 100 ) 
(corTCcted 11glg) (net 11gfg) • % Rccov,'f)' 

nitrapyrin 0.0103 111111" IOOfcom:ctcd 11gfg) 105 

nitrapyrin = 0.0098 µefg(COm:cled) 

10.4. 	 ~u;nninatiQ!) ofSoil Moisture rFi.;ld :iamoks Ooly} 

10.4.1. 	 Accumtdy wdgh a 10-g ponion ofsoil into II tnl'l.'d aluminum m:ighing dish , 

10.4.2. 	 Piao-.: the ~mplc in on oven ut 110 •c · nd allow to dry foc a minimum of 16 hours. 

10.4.J. Remove th.: 'lllmplc from the O\'m and pla~ in a de!iccator containing Drieritl" 
lldi;orben1. Re- igh 1be sample ~hen it h(l.$ cooled 10 room tempcrnl\lrc. 
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10.4.4. Calculate the pm:ent moisture (dry weight basis) as follows: 

percent moisture water,g x IOO 

(dry weighl basis) 
 dryso1l, g 

sample weight)- (sample weight )
(percent moisture "' beforedrying.J afterdryi"g,g x 

100(dry weight basis) sample weight after drying, g 

10.5. 2-Chloro-6­

10.5. 1. Determine the analyte conccnlralion in the sample as described in Section 10.3. 

10.S.2. Determine the soil moisture as described in Section 10.4. 

• 
I 0.5.3 . Determine the dry weiiht analyte concentration in the sample as follows: 

nitrapyrin .. ni(traµ!,YTig}. n x ( 1 'Y. 1\1:~ture ) 
{dry weight µgig) I!,/ 

• 
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11.4. Assay Time 

A typical analyti al run would consi t of a minimum of nine standards encompas ing 
the expected range ofsample concentrations, a reagent blank, a control (a non-fortified 
sample), a minimum of three fortified controls (two of which must be at the LOQ), and 
15 samples. This typical analytical run can be prepared in approximately 4 hours. 
followed by the chromatographic analysis. 

There are several acceptable "stopping points" in the method, where sample 
preparation (Section 9) may be uspended. upon completion of a step, without 
deleterious effects on the sample nnalysis. These arc indicated below: 

a. Step 9.2.7. 

b. Step 9.2. I 0. 

c. Step 9.2. 12. 

d. Step9.2.15. 

If sample are to be stored overnight. the vials should be capped with PTFE-lined caps . 

• 
12. tillm 

12.1. Equipment, glBSSware, materials, reagents, and chemical considered to be equivalent 
to those pecified may be substituted with the understanding that their pcrfonnancc 
must be continned by appropriate tests. Common laboratory supplies are assumed to 
be readily available and are, therefore. not listed. 

12.2. The gas purifier is used in the carrier gas supply line to purify the helium entering the 
gas chromatograph. 

12.3. The liquid nitrogen is used for amp!,: preparation (if needed) and for cooling the 
programmable temperature vaponzer injection port of the gas chromatograph. 

12.4. The peanut oil is used to minimize chromatographic peak wiling due to adsorption. 

12.5. The GC/El-MS operating condition may be modified to obuiin optimal 
chromatographic separation and mass spectrometric perfomWlcc . 

• 
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Table I . 	 Identity and S1rue1urc ofNitrapyrin. 2-Chloro-6-(d1chloromc1hyl)pyridmc, and 
lntmial Standard 

Common Name ofC 

Moletular Fonnut.: CJi CI.N 
Molc..-vl1tWnat,1 · 230907 
t,1,Jmi..,..,p!.: 1 229 

c;AS Number 1929-U-.I 

Mo C<1JI• FOfflllllo: :.H,Ct,N 
Mo!«ulw w .. ~.,,._ 196 ,iii 
Monot>o'<•I'>< Maso: 19S 

I\SS111nb<T Ul-Sl, I 

• "1oterullr f'onnut.: ''C,C,HC,.' 
~k>lcculor Weist,,: 219 9 
M<!no<J01opicM•u. 211 

CA.S .......,. ""'IYllllablc 

ct "{..,.,.... n 

Cl~CI 

(l.6-" I l·lJ.S.6-1t1...i.loropyr,4111< 
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Dctrnnin cion of Residuc:s of 6-Chloropyridine-2-carboxylic Acid m Soil by Gas 
Chroo1111ogruphy with egativo:-lon Chc:micul Ionization Mass Spectrometry Dctc:ction 

E. L. Olberding ~nd G. E. Dial. Jr. 

This mcmod is applicable fOI' the quanunuive dctennination of residues of the 
nitr:tp)Tin metabohtc, 6-chlorop)ridi-2-c rboxyhc: acid (6-CP ). m soil. The method 
was v;alidatcd over UK: conccnuation range of 0.010-10.0 µgig with a vahdatcd limit of 
quanti1.a1ion of 0.010 µsfg . 

,A ~A C-OH 
6- 'PA 

CAS No. 1929-!!2-4• 0 

The common and chemical names. 1he molecular fom,ulas, and the nominal = for 
lbc above: SU1Kturc: and related compound are given in T:>blc I. 

2. 

Residues of6-CPA are extracted from a 5-grarn soil Sllmplc by wnkatioo and ,hakini; 
with an aqurous 0.5 po ium hydro'<id • 10",. potaS ium chi nde solut10fL After 
adjusting to a final volume of 40.0 ml. a 1.0-mL aliquot of the exttact is acidified with 
I.S mL ofO.S N hydrocWoric acid. The san1plc is shaken •nd centrifuged, and a 
1.0-mL aliquot of the ~upcmat.ml is purified usiR!l a polymeric solid-phase cxtniction 
(SPE) colu1T111 . After elution from the SPE colut1111 with dicltlorom.:11:tanc:. an internal 
tanda.rd solution ontainin 1'C," -6-chloropyridinc-2-a&tbollylic md 

('JcJ"N-6-CP I is added to the: cqlunV1 eluate, nd die resulting solutiQn i, evQJ)Qfllted 
to dryness. The sample i then dcnvatiud with N-methyl•N,{rerr-butyld1melhylsilyl)­
tnfluoracetamidc (MTBSTFA/ co form the terr-butyldimcthylsilyl (TBOMS) 
derivalivi:s of6-C'PA and He, JN4CPA, l1lld ubscqucnlly analyzed by capillary gn 
chromatography with ncgativc-1011 chemical ionization man spectrometry 
(O<'f l·MS). 
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J. 	 SAFETY PRECAUTIONS 

) . I . 	 Each analyst must be ocqwiimcd wi1h the potemial ha,,ards of1he reagents. product..• 
and sol,cnts used in lhis mc:lhod before commc:ncmg loborotory woril. SO R E OF 
INFORM TION INCLUDE: MATERIAL SAFl:.V DATA SIIEETS, LJTERATURJ::, 
A DOTHcR RELATED DAT . afcty infonru11ion on non Dow AgroScicnces LLC 
productS lwuld be obtained from the: contain« label or from the upphcr. Disposal of 
rca cnts, rca llln~. and solvcntS mu I be in comL)liancc whh loc:al. tatc. and fedct'al 
laws and rq;ulanons_ 

3.2. Acetone, cyclohcllalle. mc1hanol, and MTBSTFA re tlanllllllblc and should be: used m 
wcll-vcntllalcd areas away from 1gn11ion source . 

.) . 	 H)·drochlonc acid and ~ ium hydroKide arc corrosive and can cause cvm: bum 
It i irnpcnnive that proper eye and personil protection equipment be worn when 
handling these reagents. 

• 
JA. Dry ice and hquid mtrogen can cause s.:verc bums or pos~ a suffocauon h117_a,d, h i.5 

1mpcra1ive Iha! proper eye and ix-nonal prot«:tion cquip=ll be worn when handling 
1hesc chemicaIs. 

4. 	 .EQUIP 00 (Nole J2_I.) 

4. 1 

4. 1. 1. 	 Balance. analytical. Model AEIOO, Menier-Toledo Inc.. Columbus, OH 43240. 

4.1.2. 	 Balance, pan, 1odcl PM600. Mettler-Tokdo Inc. 

4.1.3. 	 B111h, water. atilo number 1S~20. fisher S.:l,:ntilic. Pittsburgh, PA IS275 . 

4.1.4. 	 Centrifuge, wuh rocor to ac:c mmc:l(la!C: ll- and <IS·mL vials. Model Cc:nt111-0P , 
Thermo lntemarional Equipment Company. Needham II lgl,1.,. MA 02194. 

4.1.S. 	 Desiccator. 250.mm i.d., cawlOI! numb,:r Oll-61SB. fohcr S<:ic:nhfic. 

4.1.6. Evaponitol', -f. ap. Model 111 . Org11nomation A sociatcs. Inc • South Berlin. MA 
OISOJ. 

4. 1.7. llammoer mill. wi1h 118- und 3/16-inch .crccns. Modc:1200 I. AGVl E l...aboraloncs. 
Inc., Northwood. 0 SK267. 

4.1 .8. 	 Oven, Model O -490 -2. Bli,c M Elo:c1rie ompeny. Blue Island. IL 60406. 

4 .1.9. 	 P1pc:I, po i1ivc-displaccmcnl. 1-1011L capacily. catalog numbtt MIO, Orison Inc .. 
Middleton, WI 53562. 

4. 1.10. 	 Pipe:!, posi1i,c-displaccmcn1, 10-100 µL capacity. catalog number flOO, Gilson Inc. 
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4. 1. 11 . 	 Pipc:t, posithc-displaccmcm. 50-250 µL ~apac1ty, c:italog numbct' M250. Gilson Inc . 

4.1.12 . P1pcl. posilivc-displaetmcnc. 200-1000 µL capacity. catalog number MIOOO. 
Gil·on Inc. 

4.1. lJ. Sf'lal<cr. vari~ble speed rec1proa.1ins with bo11 carril:f', Model 6000. l:bcrbact, 
Corpor.uion. Ann Arbor, Ml 48106. 

4.1.14. Ultrasonic cleMcr, Model 1200. Branson Cleaning Equipment Company, Shelton. CT 
06484. 

4. I. I 5. 	 Vacuum m.1nifold. Model spc-120, Milllinckrodt Baker, Inc ., Phillipsburg, NJ 0886 . 

4.1.16. 	 Vonex mixer. Model G-560. Sccrntific Industries Inc.. Bohemia, Y 11716. 

4.2. 	 Chromatographit' System 

4.2.1. 	 Column. capilhuy gas chromatoaraphy, Durubond-SMS liquid phase, 
JO m x 0.2S nun 1.d .. 1.0-µm film thickness, ciualog numbCT 122-SSll. Agilent 
T«hnologic ·. Santa Oara. CA 9505 l. 

4-2.2. 	 Gas chromatograph. Model 61NOA, Agilent Technologies, Wilmington , DE 19808. 

4.2.3. 	 Gas punficr, catalog number OTJ-2, Agilent Technologies. (Note 12.2.1 

4.H . 	 Gas punfkr, catalog number 019')9-80410, Agilent Technologies. (Not~ 12.3.) 

4.2.S. 	 Injector, automatic. Model 768 , Agilent Technologies. 

4.2.6. 	 lnlec liner, PTV, rnuhi-beffied. catalog numb<,r 5lSJ-2037, Agilent Technologies. 

4.2.7. 	 Mass s.p«trometet", Model 5973N. Agilent Technologies. 

4.2.8. 	 Mass pectromcter Ja1u systc:m. Model O1701 DA. Agilent Technologies. 

5. 	 GLASSWARE AND MATERIALS (Note: 12.L) 

5.1. Column, Sm11a-X pol)1nc:ric PE, 30-mg SOfbcnt. 1-mL reservoir, catalog number 
8B- I00-TAK, Phcnomcnex, Torrancc. CA 9050 L 

5.2. Cylinder. graduated mixing, SO-mL. callllog number 3002-SO, Coming Inc., l\cmn. MA 
01720. 

5.3. 	 Di1>h, aluminum weighing, catalog number 08· 7'.l2, Fisher Scientific. 

5.4. 	 Flask. volumetric, 50-ml.. catalog number S640-50, C-0ming Inc. 

S.S . 	 Flask, volumerric, IO\l-mL, catalog number :5640· IOO, om,ng Inc. 
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5.6. 	 Flask, volumetric, 200-ml, catalog numbu 5640-200, Coming Inc. 

S. 7. 	 Fl J.;, volumclric, 2000-ml. ca1alog number 5640-2L. Coming Inc. 

5.8. 	 P1pc1, serological, 2-ml. catalog number 7077-2N, Com111g Inc. 

5.9. 	 Pipet, scrologu:~I. 25-mL. ciualoy number 7077B-2SN. Coming Inc. 

5.10. 	 Pipct., volumetric, 1.0-mL. catalog number 13-650-38, Fisher Scientific. 

5. 11 . 	 Ptpct., volumetric, 10-mL, catalog number 13-650-31... Fisher Scientific. 

S.12. 	 Pipc1, volumctri , 20-mL, catalog number I 3-650-3~. fisher Scicnufic. 

5.13. 	 Pi pct, volumetric, 25-mL. catalog number IJ-650-)P. Fisher Scientific. 

5. 14. 	 Pipct. volumetric, 30.mL, catalog number I3-650-lQ. Fisher Scientific. 

S. 15. 	 Pipct, volumetric, 0-ml., catalog number 13-650-3$, Fi$hcr Scientific. 

• 	 5.16. Pipct tip. posit.ive-d1splacc:mc:n1, 10-µL c pacity, caulog n11mbcr CPI 0, Gilson Inc . 

S. l 7. 	 Pi pet rip. pc>$itive-<11splacemrnt, 100-µL capacity, c:ualog numbcr CPIOO, Gilson Inc. 

S.18. 	 Pipct tip. positivc-<hsptacc:mcnt. 250-µL capaClly, caulog number CP250, Gt Ison Inc. 

S.19 Pipct tip. positivc--01sptac:c:mcnt, 1000-µL capacity, caia!og number CPIOOO, 
Gilson Inc. 

5.20. 	 Vial. 2-mL. aulOSamplc:r. catalog number C4000-l W, National Scientific Company, 
Rockwood. TN 37854. 

5.21 . Vial, S.mL, with PTFE-lined mew cap, catalog number 2SOJT, Qorpak, 
Bridgeville, PA 15017. 

5.21, Vial, 4S.mL, catalog number 60958A-l I, Kimble Glass Co., Vineland, NJ O 360, 

S.2J. Vial cup. PTFE-lincd. for 45-mL ,·iml. c:italog number 520S. Qorpak. 

5.24. Vial cap, for autosamplcr vial, catalog number C4000-S4B. ational Scimtifi 
Company. 
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6.1 .I . Acetone. OmniSolv grade, clllalog number AXO 116- I. EMO Chemicals Inc., 
Gibbstown. NJ 08027. 

6.1.2. 	 Cyclohcxane, OmniSolv grode, catalog numbc::r HX0296-1, EMO Chemicals Inc . 

6.1.J. 	 Desiccant, Oricritc adso~nt, catalog nurnbc::r 2-IOOI , W. A. Hammond Drierite 
Company, Xenia, Otl 45385. 

6.1.4. 	 Dichloromcthane, OmniSolv grade, ca1a.log number DXO!tl l-1 , EMO Chemicals Inc. 

6. 1.5. 	 Hchum, gas, 99.995% pwity, BOC Gases, New ProvKlcflcc, NJ 0797'1. 

6.1.6. 	 Hydrochloric acid. 0.1 • certified concentrntion. catal g numbCT SA.54- 1, Fisher 
Scientific. 

• 
6.1.7. Hydrochloric acid. 0.5 , ccnified conccntTation. ca1alog number SAS(H. Fisher 

Scientific . 

6. I .8. 	 MTBSTFA (N-mcthyl-N-(tm-butyldimc1hylsilyl l-trinuoroacctamide), catalog number 
48920, Pierce Chemical Company, Rockford, ll 61 IOS. 

6. 1.9. 	 Methane, gu, 99.99S% purity, B<x:' (roses. 

6.1.10. 	 Methanol, ChmmAR HPI.C grade. camlog number 3041. Mallinckrodt Baker Inc . 

6. I. I I. 	 Nitrogen, refrigerated liquid. catalog number LQNI, BOC Oases, New Providence. NJ 
07974. (Note 12.4.) 

6. 1.t 2. 	 Potassium chloride, cenificd ACS. catalog nurnbcr P217-500. Fi her Scientific. 

6.1.1.l. Poca mm hydro,ude, petlc~. ctrtified AC'S. catalug number P250-500. Fisha­
Sc1cntific. 

6.1.14. 	 Water. OmniSolv grade. catalog number WX0004- I. EMD Chemicals Inc. 

GRt.1 07.14 
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6.2. 

6.2.1. 	 fKhloropyridinc-2-QrboXyhc actd 

QbQin from th Tell( bstanc'I: Coordin tor, Dow 
Road. Building 304, lndianapol I 46268. 

6.2.2 	 " , ' ,6-chloropyridim:•2-cmbn ylic id 

Obl4in from the Spec11lty ynth I roup. Do 
Road, Buildm1 306. Indianapolis. I 46268. 

6 . .l. 	 fKoamt Solutions 
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6.3.1. o.s roomiwn hydro~ioo I~ pows1um chlon.k 

Weigh 112.21 v~ of 1um h drol1dc (l'Otft:eted r, pool)) and 200 11r.um of 
powsium chloride IDtO a 2000.ml. volurnclnc nask. Add Wiater and v.irl Ille: nlhk 
unlil the solids an: d1 ,ol,ed. Alto the 50fution 10 cqu1hbnltc to room temperature 
1111d dilute IO volume ,.,jth w 1.:r• 

7.1.1. Wci&h 0.1000 g of the 6-CPA lytical Standard and quantimivcly transfer 10 a• I00-mL volumctnc fl wilh mc1h:inol. Dilute to ,'Olume with methanol to obcain a 
1000.µgiml IOt:k solution. 

7.1.2. 	 Pipct 10.0 mL of the 10()().µglmL solution from S«t1on 7.1.1 mto a 200-mL 
volumetric llask and dilute IO ,olumc with methanol to obtain a SO.~µg/mL stocl< 

lution . 

. IJ. 	 P1pct ~0.0 mL of the 50.~µg/ml solulioo from Section 7.1.2 into a 2()0..ml volumetric 
Oask and dilute IO volum., v. ilh mc1h:mol to obt m a S.OO-µa,'n1L siock solution. 

7.1.-4. 	 Ptpct 20.0 mL ofthe .S.00-µg/mL solullOII from Section 7.1.J into a 200-ml volumctnc 
n k 111\d dilute to volume 10ith me1ha1 I IO obtain OSQO.µg;m $10ek lution 

7.1.S. 	 P pd 20.0 mLof1he O.S00.11 ml solution from s«tioo 7.1.'4 1n4o a 200-mL 
volumeiric t1 k and dilute to ~olumc 101th me1h nol !O obtain a O.OS(h1g,ml 1cx: 
soluuon. 
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7.1.6. 	 Prq,al"\' solutions for spikin mpk:s by dilucm the above stock soluuons from 
SccliQc15 7 .1 ).7 .1.5 wilh methanol as follows: 

Conccntrnlion Aliquot of final Soln. Spilnng Soln. Equivah.'llt 
of Stock Soln. SrockSoln. Volume f inal Cone. Sample Cone.• 

µg,'ml ml ml 11g.'ml l'WII 
0.050 30.0 100 0.015 0.003 
0.050 50.0 100 O.O?S o.oos 
0.050 	 o.oso 0.010 
0.500 2S.O 100 0.125 0.025 
0.500 so.o 100 0.250 o.oso 
0.500 	 0.500 0.100 
5.00 25.0 100 1.25 0.2SO 
S.00 so.o 100 2.SO o.soo 
S.00 S.00 1.00 

soo so.o 10.0 

• Th" eqwvalelu ~I" coocl:fltr.lhon Is based on furlifying a S.0-gram soil mple 
w11h 1.00 ml ofspiking lutJon. 

• 	 7.2 . 

7.2.1. 	 We111h O.OOSO g of the ' 'C 1•i -6<hloropyndlnc-2-carboxyhc ,tl reference i\al1datd 
and qwinlita.1,~ely lrnnsftr to a SO.ml volumetnc llask with methanol. 01lule 10 
volume with mc1hanol lO obcllin a I00-µJ'mL ock solution. 

7.2.2. 	 Di p,.'l1SC2S0µLofthe 100-µlfmlsolutionftomSection7.2.1 intoaSO.ml 
volum4.'tric fl sk and dilute 10 volwnc with methanol. This lulion conlairu 
0.50 µg/ml (0.$0 ns,'µL) of 11C,15N-6-CPA 
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7.J. 	 l'r.;pararion ofCafibrntior1 S1;1nd,1rd~ for the OlmntjtJtioo of(>.C111oropyridinc·2· 
carboxylic Acid 

7.3.1 . 	 l'n:pan: calibrntion standard, wid1 each $ample. ct by dispensing 10.0 µL oflhe 
0.01 S-5.00.11glmL fonilkation solutions from Section 7 .1.6 into a series of8-rnL vials 
con1aining 100 µL of the inlcmal slMdard solution (S«tion 7.2.2) as follows ; 

C011CCfllration Aliquot of final Soln. Cahb .Sotn. E,iuivalcn1 
<?fSp1krng Solr1. S()kg. Soln. Volume final Cone. Sample Cooc. • 

µgllJIL Ill mL ng/mL iig/g 

2.0 0.000 0.000 
0.01.S 10.0 2.0 0,075 0.CJ03 
0.02.S 10.0 2.0 O. t2S o.oos 
0050 10.0 2.0 0.250 0.010 
0.125 10.0 2.0 0.625 0.025 
0.250 10.0 2.0 l.2S 0.050 
0.500 10.0 2.0 2.50 0.100 
1.25 10.0 2.0 6.25 0.250 
2.50 10.0 2.0 12.50 0.500

• 	
5.00 IO.O 2.0 250 1.00 

The ~uivalent sample conce11.1ra1ion is based on using a S,O·gr:un soil sample and .i' 
final volume of 2.0 mL. 

7.J .2. 	 Evaporate 1he solution to dryncss using an N-Evap cvapornlor st:t at 35 •c and a 
nitrogen now rate of awro!li.matcly SOO mL/min. 

7.J.3. 	 Add SOO µL ofacs'lonc and 100 µl of the MTBSTFA derivatizing reagem lo lhc 
sample vial 1111d firmly seat wilh a P'l'FE-lincd cap. V1Jrtcl\ mix the sw:npk for 
1-2 second.i, a.nd !hen :1-0nico1e 1he sample for 1-2 econd.'I. 

7.J.4. 	 Place the S3mple vial in an oven at 60 •c nd allow the mixcurc to rc:a cfor 60 minutC:!I. 

7.J.5. 	 Remove the sample vial from the oven and allow lhe reaction mi,uu.re 10 cool to room 
tcrnp.:ratUN. 

7.3.6. 	 sing a stroh1gic11l pipd, adjust the volume in the sample vtal 10 2.0 mL wi1h 
cyck,heX11ne aml finnly scol .... ith 3 PTFE·lined cap. Vorte)I lhe s:i.mple fur 
1·2 seconds, and then :l()!licate the lllmple for 1·2 ~ec.inds. 

7..7. 	 Tmn.sfer a portion oftht " mpte to a 2-mL aulosa.mpler oial and ·eul the vial with a 
cap. 
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7.4. 	 l'rcpamioo oflh,; 6-CbloropYr1J1nc-::?:,;atbo~yhc AdJ TIIDMS SwodlJcd to l)c;1c;on,nc 
lsot0$!k Crosso,g 

7.4. l . Using a l 00-µL syringe or posi1ive-disploc mcnl pipn. dispense I 00 µL of I.he 
0.50-µg/ml 6-CPA solution in Section 7.1.6 into an 8-ml vial ~nd dcrlvarize according 
to Jhc procedure descnbcd in S«tion 7.3.2-7.3.7. The resulting solution contains 
6- PA-TBDMS cquiV11Jcn1 to 2S.O nglml of 6-CPA. 

7.5. 	 In 

7.S. l. 	 Using a lOO•f,L s:enge or posit1ve-displacmien1 pipct, dispense I00 µL of the 
0. 0-µg/ml 'c,' N,6--CPA solwion in Section 7.2.2 mto an 8-mL vial and dmvatizc 
aceordin~ 10 1he procedure described in Section 7.3.2-7.J.7. The r<$uhing solut100 
contain· C,"N-6-CPA-TBDM equivalent 10 2S.0 nglml of " C1 

15N-6-CPA. 

11, 	 INSTRUMENTAL CONDITIONS 

8. 1. 

• 
In.stall !he PTV column inlet liner and the capillary column in the PTV injecuon port of 
the gas chromatograph following the manufacturer'& recommended procedures. 

8.2 	 Typical Gas Chroll)jltowphy Opgatinrunditi!!!!l ( otcs 12.S. and 12.6.) 

Instrumentation: 	 Agilent Model 6890A gas chromatograph 
Agilent Model 768) autoinjc:ctor 
Agilent Model S97JN rn spectrometer 
Agtlent fodel 01701DA data system 

Column: 	 J & W fused silica c1ptll ry 
Durabond-SMS liquid phase 
JO m I{ 0.2S mm i.d. 
1.0-µm film thickness 

Carriet Gos Method: 	 helium 

Cons!llnt Flow I.Oml/min 
Vacuum COITlflCO.'WIIOII on 
lni1ial Head Pressure -48 kPa 
Linear Vducity - J7 cm/s 

GRM071 4 	 Pug,: 9 

• 




• 


• 


O,.,cn Mdhod: 

lnillal Tcmpm11urc 
ln,ti~I Time 
Progr.a,n Rate 
Finsl Tempmiturc 
Final Time 

Transfer Line 

Injection Method: 

ln,t1al Temperarure 
ln111al Time 
Pmgr.im Rate 
Final TCfflp,!TlltUre 
FinalTimc 

P\Jrge Delay 
Splatter Flow 
S~l'wJe 
lnJection Volwne 
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40•c 
1.32 nun 
20 "Clmin 
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8.3. Jvpjcol Mus spg1e9mcyy Operaljng Coollilions (NOie t2.s.1 

Dctccklf Mode: 

Source Tcmpm,1ure 
Quad Tempcrnture 
Reagent (las 
FlowSetttng 
Pres.sure 
Calibration Proeram 
EleclrOn 1ulliplier 
SI~ Resolucion 
Dwell Tune 

Ions MMIIOl't'd: 

6-CPA-T80!',1S 
quantitltlOD 
confinmuon 

uc,''N·6-CPA·TBDMS {IST0) 
quan1i1111ion 
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ncgauvc-ion ch~·nncal ionimtion 

I O"C 
106 °c 
niethane 
~;. 
2.0 X 10.. IOIT 

llll&lllive-ion chemic31 ion11..:11ion autotwtc 
1400 ~olts (s.amc autotwie) 
htth 
SOmsec 

m/z 271 
ml:: 273 

ntll 2n 
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8.4. 	 MruSpcctra 

Full-scan mass ~lril of the TBDMS dcrivativcsc ofHhloropyridinc-2-carboxyhc 
acid illld the '1C,' ·6-cliloropyrid1nc•2-cnrboxylic acid internal stnndllrd arc illustrated 
in Figun: l. 

8.5. 	 Typical Calibration urvs 

,\ tyl)ical calibration cum: for the dctcnnimuion of k hloropyrid,nc-2-catbo~ylic acid 
in soil lllling the qwintilll.tion ion ml: 27 l is shown Ill is illustrated in figure 2. 

A typtcal cahbrat1on curve for the dctc:m1inat1on of6-chloropyridinc•2-catboxylic acid 
m soil us1111 the c:onfinnal1on ion ml: 273 is 5hown in i.s 1llu:11n11cd m figure 3. 

8.6. 	 Typical Chmmato 

Typ~I chromalo rams ofa 2S.0.nglml. <>-CPA TBOMS standard and a 25.0-ng.!ml.
"c,,sN-6-CP TBDMS standanl used to cktcrmiM isotopic crossover an: 1llu11r~1ed in 
Figures 4-5, respectively. 

Typical chromatograms ofa standard, a control san-.ilc. a 0.010.µglg CLOQ) recovery 
1U11Pk, and a IO.O-µg/11 recovery sample: foc the determination of 6-chloropymlinc-2­

carbo,cylic ac,d in soil .re illustrated ,n Figures 6-9. 

9. 	 DETERMINATION OF RECOVERY OF 6,CHLOROPYRJDINF-2-CARBOXYUC 
ACID FROM SOIL 

9.1. 	 Sanmle Pr(oamtion 

Prcpan: soil samples lbt- a11alys1 by f=in11 wnh dry ~c or liquid nitrogen anJ then 
grindingorchoppingu ing11hwmner111illwi1ha l/8-or 16-inch recn izc. 
Prepared $011 s:unplc:$ Id be tOl'C'II frozen at approximately -10 to -20 C unltl 
analysi . 

9.2. 

9.2.1. 	 Wc,gh 5.0-g port, 1;1f the ptq)llttd soil · mplc 111to a seon of 4S-11tl. gl ~ial , 

9.2.2. For preparing fonified amples. ood 1.00-mL aliquois of the ll'PrQl)riu1c spikmg 
solutions (Section 7.1.6) to encompu the necessa,y conccntrauon range. 

9.2J. dd 2S ml. o(the ~u:s 0.5 N J)OWsium hydroxide/10% pOta 1um chloride 
CXlfA .(iOII SOIUl!Oll 10 the 51mplt vial . 

9.2.4. Cap the vial ~ilh a PTFE-lined cap, anJ plM.'e the sample in a water bath for Ominutes 
t10 ·c. 

9.2.S. 	 After c11trac:tion, allow the mple vial to cool to room tetJll)Cf'al\lrc. 
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9.2.6. Shake the $.ltnple via.I for a minimum of IS nunutt$ on t re.:1proc11rin11 hiker ,II 
approiumatcly I SO excursion minute. 

9.2.7. 	 Cenlrifu~ thc: sample ia.l f()( S minutes at 2000 rpm. 

9.2.8. 	 Tra11$fcr the cx1raccion solutt n into a clean SO-rn g,11dua1cd mixing cyli~r. 

9.2.9. Repeal Step 9.:!.3 a11d Steps 9.2.6-9.~.7 with 14 ml of the aqueous 0.5 p0iassi1,m 
hydro,ide/lQ'l'o poiassium chloride eAtracr,on solutiOfL 

9.2.10. 	 Combine the extraction solution from Step 9.2.9 wuh the: 25 ml from tcp 9,2.8. 

9.2.11 . djust the voluni¢ m the gradwitcd mmng ,yliridcr to 40.0 ml ,.,, th addition.ii aQUCOU$ 

0.S pouas ium hydroxide/10"/o l)()Wsium cl lori<k extraction solu1ioo. Scoppc:r the 
cylini.ler all4 llllll thoroughty. 

9.2 12. 	 P1pc:1 I O ml of the sample solution from Step 9.2 11 into a clean 8-ml vial and add 

• 
1.5 ml ofO.S N hydroc:hlont acid to the vial. Cap the: vial with a PTFF-lincd cap, and 
mlX thoroughly. Allow the: vial 10 sec for IS minutf.'S. 

9.2.IJ. 	 If there pp:ar to be ~~pended panic:! 1n the solution. or if the solution is cloudy, 
centnf\Jgc the sample vial for S minute ac 2000 rpm. 

9.2.I 4. 	 Pl.lrify the mpl.- using che followmg reversed-phase SPI:: procedure: 

11.. Place a Phcnomencx Struu-X SPE column on the vacuum manifold. 

b. 	 Condilion the PE column with I ml or methanol followed by I ml of 
0. I N hydrochl nc acid. Dly the SPE column under full vacuum (- 1S in 11 for 
5 scc:ond., between solvents. 

c. 	 Transfcr I.Omlof1hesamplcsolut1onfrom tcp9.2. l.ltothe Pl.:column. Oniw 
the sample through the column at a llow rate: of appro,omately I mUmin. 
dn,canhni; the clUllle. 

d. 	 Rinse the PE column with chm: 1.0-rnL iliqwcs of0.1 N hydrochlori 11Cid. Draw 
the solvent through the column at a now rate of ppro,ima1ely I nil min, 
discMding the elua.U'. Dly the SPE rolwnn under full vocuum (-15 in Ilg) for 
approximately thirty minull:$. ( ote 12.7.) 

c. 	 Elute lhc 6-CPA from the SP column with two 750-µL aliquolll of 
dichlorornethanc. 11ollc,:1ing the eluate in an 8-mL vial. 

9.2.IS. 	 Add 100 µL of the internal stMdard solution (S~tion 1.l.2} to the sample eluate: and 
mix thoroughly. Evaponitc: the sampk: eluate to drynt5S usmg an N-1:vap cvnponuor 
5C1 ,1 35 C and a nitrogen now rate ofapprollimately SOO mUmin. 

9.2.16. 	 Add 500 µl of IC'Ctoneand 100 µL of the MTBSTFA dc:rivati.ling n:agc:nc lo the 
ample vial and lirmly seal with a PTFE·hncd cap. Voncx mt the sample fur 

1-2 =onds. and then $0<ttCllle the :;ample for 1-Z ,seco,Kb. 
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9.2.17. Pl3cc the sample vial in an o en tat 60 •(' w1d allow the mi,uure 10 react for 
60 minutes. 

9.2.18. Rcmov the 11mplc 1al from the oven nd allow the reaction mixrurc 10 cool to room 
1empcn1ture. 

9.2.19. ing 11 wrological pt~. dJUst the ,olumc in the sampl.: v1 I10 2.0 ml with 
cyclohcxanc and !innly seal with a l"Tf'E•lincd c p. Vortex the sample for 
1-l sc:conds. and then sonicatc the sample for 1-2 seconds. 

9.2.20. Transfer a pon1on of the sample to 1 2-mL autosampler vial and seal the vial with l1 
cap. 

9.2.21. 	 nalyzc the crossover standatds ts«1100 7.~ I nd 1. . I). calibration standards 
1Scc11011 7.3) and samples by capillary p chromatogrophy with ncga!l\c•1on chemical 
1oniza1ion maY spc,:tromelry as dc5c:ribcd in Sccuons 8.2 and 8.3, Determine the 
su11 b1lt1y of the chroma1ograph1c syskm using the following pc:rforman.c criteria: 

• 
m. StonJard nMVc lillc.llrity: Dctmninc,that the cocffic1cnt ofdc1mnina11on (ill ~uals 

or t:\cceds o.m for the least uares equa11on which dcs(rib · the detector 
response as a function of tandard curve oncentranon. if power rcgres ion i u.sed• 
the power exponent should be between 0.90-1.10. 

b. 	 Ptak resolution. Vi ually dnennlne Iha! sufficient resolution h been acliievcd for 
lhc analylc and internal standard relative to back11round intcrlcrcnccs. 

c. 	 Appearance of chromatograms: V ually dctcm11nc that the <hrnmatograms 
~mble those shown in Figul'C'l 6-9 with rcspc:ct lo ptak n,sponsc, buelmc noise. 
and backgrO\loo interference. Vi Uy lktcmi,~ 1h I a n1inin111m s11,1nal•to-noise 
r.auo of 10:1 has bc.....-n a1ta1ncd for the aRlllyte in the 0.25-ng/ml libratiun 
standard. 

10. 

10.1. 	 DetenniDi!Jion of!i9IOJ21C Crosro\Cr 

In thit y. the nalyte and internal standard arc quantiu.tcd using major fr11g,ncn1 
tvns for c;ich c<>mpound. When u ing stablc-i,sotope labclcJ internal tanuards there 1s 
a pos ih1hty tluu isotopic coolribu1ions will occur bctw.:en the , uset! fOI' 
qwn1ita11on of the unlabelcJ and lohclcJ 01npo.,ntls. Thi isowp,c u,crlap bct"'c:1:n 
the analytc and the internal tand:Jrd is determined cmp1rically by analyzing 1114ndard 
solultoo3 of CllCh .»mpoond and should be addrcsSl:d for accurate:- dctmnination of 
c:orn:cn11111ions. 
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10.1. I. To dctmrunc the asocopk cros.s1ncrfor 6-CPA and 11C "N.6-('PA, inJcct the 
25.0.n ml. 6-CPA-TBOM cros.so•C'r s1:1ndard (Section 7.4. I) and the 2S.O-nwmL 
'
1C, 1s -6-CPA· rBDM mtctml t.ndanl solution (Section 7.S. I J and dctcnninc: the 

pt-alt areas for the analytc and mtemal standard a· indicated below 

6- PA 	 mil 271 (quantuation) 
ml: ~7J (confirmation) 

"c,•s --6-CPA 	 m.: '111 (quantitalion) 

For e~a,nplc. 10 ddcrmmc: the contribution of the 6-CPA to thC' ''c,'sN.6-CP intc:mal 
51andard u ing the 6--CPA data from figlln:: 4: 

Crosso"er Fmor p,:ak area of intcnllll standard qu111111ta1ioo ion 
(analylc-+ISTOl po:llk :irea uf analyte qu.:intita11on ioo 

(l'O$SO\'er F11e1« • pe.ik area r ml: 277 • _ o_ • 0.0000 
(ml 271-+ISTDI peak are:Jat ..,1z 271 684519 

• 	
In a smular lllilnn..-r. to ddcnninr the c:ontribution of the ''c ,''N-6-CPA ,nternal 
t: n<klrd to the l>-CPA u ing thot "cJ'~-6-CPA data from Figun: S: 

Crossowr Factor 
(ISTD-+3nalyteJ 

C=vn Factor .utt at ml : 271 • __o_ _ 0.0000 
(ISTD-+m/z 271) pe-Jk area at ml : 277 223163 

Durin3 method development, thett was no 1sotop11: crosso-er obs<:rved and rherefore, 
no com.-,:tion rthe measured quan1ita1ion ratio Wll!I perfomwd. Ir isotopic crossover , 
.:ncoontcred, it should be esseJ nd the mpective quantitalion ratio ~omctt.-d for 
:iccura1e de mni1111t1on orconcen11111ions ( I . I, 13 2). 

10.2. 	 Qllcuw1ioo ors1and;lrd Calibmlion cum: 

10.l .1. Inject the Jerie ofcahbrn11on tandards des.:ribed in Seciioo 7.3. 1and Jo:tcrmine rhe 
peak w:as for the Qn;tlyie nd inlc:mal tandard as indi~lcd belo111 

6-CPA 	 mk 271 (quantitation) 
""• 27 (confinnation) 

m,: 2n (quantilllhon) 
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10.2.2. For each slalldard, calculate the 6- PA quantilation nuio. 

For ex mple. using the data for 1he 6-CPA ml: 271 ion from Figure 6: 

peak W'ell of qW1ntit111ion ion
Quanti tion Ratio a 

peak area of ,n1emal IIWldard ion 

Quan1i1;11ion Ratio • "c," N4CP peak area at ml: 211 

6839Qu;u11,utioo Ra1io 0.02903
23556) 

10.2.3. Pn:parc a illllldatd curve by plouing 1hc QOO(yte concenU'lltio,, on lhe llffliCi (x·uis) 
and the rcspcc:1ive quanlitation ratio on lhc ord1na1e (y-u:,s) as hown m Figutc 2. 
Vi.in n:g,cssion analysis. dcu:rmine the equation for the cun,c with rc3pcct io 1hc: 
abscissa. 

• 
For =unple. using power rcgn: ion (1 3.3) with the 6-CPA ml: 211 data from 
Figure 2: 

y coo,wu " x<exponcnc) 

X a (--y- )lfexponcnt 
constani 

6-Cl'A 
(n mL) 

6-CrA 6-CP quaociuuloo ratio 1 ·99762 

(ng,'mL) 0.11 %0 

1o. . Cakulatioo of1'mm1 Recovery 

I 0.3.1 Dctcnnine the gross conccntr111lon in each rttovcry ~le hy bstin111ng the 
qwmtitation ratio obtaiMd into the above equatlOll llnd solving for the conccntnttton. 

For cunirlc. using the data for the l>-CPA ml: 271100 from F1gutt 

I '099762
6-CPA 6-CPA qu;un1t.ition nuio 

( gross nglmL) 0 11960 
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0.03112 ) ' (0.99762 
(IJI''™' nglml) ( 0.11960 

6.CPA 

6-CPA = 0 .2594 ng/ml(gro.,s) 

10.J.2. Conven the concentration {ng/mL) of the al1lllyte found in the pn:pan:d extract to the 
oonc<.'lllr~tioo (µgig) of the anal)'le follnd in lhe· original sample as follows; 

extnK.-tion pre-SP6 final l6-CPA volume volume volume 1.00 --- x-- x 
(llJO$$ ng/mLJ x 	 aliquot SPE load llllmple I000 ng 

volume volume weight
[ 

6-CPA 6-CPA x ( 40.0mL " 2.SOmL " 2.00ml " I.OOµg) 
(grossµg/g) (gross ng/mL) l.O(l mL 1.00 n\L 5 gnm l 000 ng 

• 	
6-CPA 0.2594 n&'ml x 0.040 mlxµ&

(gros.\µg/g) 	 gxng 

6-CPA - 0.0104 µgig(gms.$) 

10.3.J . 	 ~tennine 1111: net ,;oriceorrdtion in ead, recov,:ry sample by subtrac1111g any 
contnbllti0t1 found at the expectlld retention time of the analyte in tile control pmplc 
from that of lhe gross anal)'te concentration in the recovery sample. 

For example, using the d.ila for the 6-CPA m/z 271 ion fron1 Fig= 7 and R: 

6-CPA a 6-CPA 6-CPA 
(nctµglg) (gross µgig) (c,\ntrol µ(¥g) 

6-CPA " 0.0104 p(P'g - 0.0011 µgig(netµg/g) 

6-CPA 0.0093 µgig
(00) 

GRM07.1-I 	 f'ege lb 

• 




• 

Study Number: CEMS-6868 

Report Number: CEMR-6868 
DAS Study Number: 140733 

Page 118 

Study Number: CEMS-6868 
Page42 of 46 

Ouw Apo.s.,;.,,,., UC 
Study ID: 071125 

Pai" IOU 

10.J.4. Dctcnniru: the percent recovery by dividing the net concentration of each recovery 
sample by·the theoretical comcntration added. 

Concc:mration FoundRecosery • ------- " IOOo/.Concentration Added 

• 	 0.0093 µg/g .,. I()()",. 
0.0100 µgig 

10.4. 

I0.4. l. 	 Determine the gro conc-enCl'ation of the analytc in the tfCBtcd sample by subS1irutlng 
the quantitat,on rJtio ob1ainc:d 11110 the equatioo for lh-e Slllndard calibration curve and 
calculating the uncom'ttcd iduc result as described in Section 10.3.1-10 .2. 

• 
10.4.2. For those analy es that n:qoire COITection for mechod recovtlr)', u...c lhc average 

n:conry ofall the recovery sampl~ fonifocd al o r above the llmit of quantitation from 
mgiven sample set lo correct for m~thod efficiency . 

For example. using the data for the &.CPA ml! 271 ion from Figure 8 and Table ~ for 
the samples analyzed on 11-Dec-2008: 

b-CPA ( 100 )
(net µgig) " 'Y. Recovery 

b-CPA • 0.009J µg,g • 100 
(com:credµg/g) 95 

6-CPA = 0.0091! µgig(.:om:cted) 

10.5. 	 Dc1ermin.11ion of Soll Moisrurc (field Samplc:s Onlyl 

10.5.1. 	 Aecurate.ly weigh a 10.g portion of soil into a tared aluminum weighing dish. 

10.S.2. Place the :1ample man oven at 110 •c aml allow 10 dry for a minimum of 16 hour . 

lO.S.3. 	 Remo"e the >11111ple from th< oven unJ place in a desiccator containing Drlcrli.:" 
ad.wbent. Re-weigh the mple when it h.a coolai to room ten1(1CratUre. 
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10.5.4. Calculate the percent moisture (dry weight basis) as follows : 

r,:n::cnl moisture water,g >< 
100(dry weight basi ) drysoll,g 

sample weil{ht ) _ (sample weight ) 
(percent moisture before drying, g after drying." x 

100
(dry weight basi ) sample wci ht after drying, g 

10.6. Dctcm1ination of Jino;-2-curlx,~ he dd in 
S2i! 

10.6.1. De1erminc the analyte concentration in the sample as described in Section 10.4. 

10.6.2. Oetennine the soil moisture as d~bcd in Section 10.5. 

10.6.3. Determine the dry weight analyte concentrJtion in the sample! as follows: 

6-CPA 6-CPA ( I % M• (dry weight µg/g) - (µg/g) X + 
oisture 


100 
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11.4. Assay Time 

A typical analytical run would consist ofa minimum of nine standards encompassing 
the expected range of sample concenlTations. a reagent blank, a ct,ntrol (a non-fortified 
sample). a minimum of three fortified controls (two of which mu~t be at the LOQ), and 
15 amples. Thi. typical analytical run can be prepared in approximately 6 hours, 
followed by the chro1T111tographic analysi . 

There arc several acccplllblc ··stopping point.," in the mc:1hod, where sample 
preparation (Section 9) may be suspended, upon completion of a step, \\ithoot 
deleterious effects on the sample analysis. These are indicated below: 

a. Step 9.2.11 . 

b. Step 9.2.13. 

c. Step 9.2.14.c. 

d. Step 9.2.18. 

e. Step 9.2.19. 

If samples are 10 be stored overnight, the vials should be capped with PTFE-lincd caps. 

11.5. Standardi1,atjon of Phenomcm;,c Strata-X Solid-Phase Column Elution Profile 

• There is a pos ibility that variation in the Phcnomcnex Strata·X SPE colwnn may 
influence the elution profile of6-CPA. lfit is necessary to obtain an elution profile for 
the: SPE colullllls usc:d to optimize rc:covc:ry and clean-up efficiency, the following 
procedure can be us«!: 

11 .5.1. Dispense 50.0 µL of the 5.00-µg/mL fortification solution from Section 7 .1.6 into an 
8-mL vial containing 5.0 ml of0.1 hydrochloric acid. 

11 .5.2. Cap the sample vial with a PTFE-lincd cap and then vortex mix the sample for 
1-2 seconds. 
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11.S.l Purify the sample us,ng t!lc: followin SPI: procedure: 

a. 	 Pia«• ~nonltllcx Stra1&-X Il().mg) PE column on the v-.cuum manifold. 

b. 	 C.\mdition the Pt culurM with I ml of mcihanol foll wed by I mL o 
0.1 N hydrochloric acid. Ory the SPI:: colunm under full vacuum ( IS in Ilg) for 
• seconds bet'" en sol> cnts. 

c. 	 foms u 1.0 rnl. oflho: mple rohdion from tcp IU.2 lo the SPE column. Ora 
the m(llc through the column t a now ntc oflll'flro:<imatcly 1.0 rnJJmin. 
discarding the clu.itc. 

d. 	 Ri~c the SPE rolunm with thrtt 1.0-mL aliQUQls of(). I hydrochloric acid. Draw 
the: . vent through tile colurm at s Oow rate of approic1matcly I mllmin, 
dtsc3rd1ng the eluate. Dry the PEcolulM under full vacuum (- 15 in Ilg) for 
IIJ)j)tOxunalelylhlrty minutes. (NOie 12.7.) 

c. 	 FJurc the 6-CPA from the PE column ,,.,,h 3.0 mL ( dichl<1romcthanc, colle<:ting 
7S0-11L ahqllOI of the du,,1c in separate 8-mL vial.. 

11 SA. 	 For c.ch fraction .-ollc:ctcd. proceed as de.scribed in Sections 9.2.1 throogh 9.2.19. 

11 S.S. 	 Cakulatc the percent rcrovcry de.sen bed m Sccoon I 0.3. 

• A typ,cal c:1111100 profile for the Phcnomencx Strata•X SPE column (or the 
dot~nniruation ofiKhloropyr1d1nc-2-carhu, I, 1d in 11 illu. rated 1n figure 10. 

12. 

I?. I . 	 Equipment, glasswatc, materials. rcqgcnt • and chemic b considcml to be equivalent 
10 tJlose sp«ified may be sub itutcd wnh 1ft; undcl'Slandmg thai thcir pcrfonnam-e 
must be s-onlimicd by approprfaic tc-sis. Common lnboratory suppl~s arc wrn.!d 10 

be readily avlii blc and arc, therefore, n(II hs1cd. 

12.2. T~ (IIIS purili.-r i5 u.scd ,n Ilic carrier l!llll 11pply li11c to purify th<: hdium c;ntcring the 
gas chrom:ilojjl'aph 

l.?.:3. 	 The g purifier is used i.n die rca cn1 5UWly hn< to purify 1ttc methane cmcrin the 
nu. pcetrometcr. 

12.4. 	 The liquid nitrogen i uwd for le prcpar.11ion (If needed) and for cuohng thc 
programmable tC1TIJ)Craturc vapon;ier 10Jc:cl1on po,1 of the ps chromatograph. 

12.S The fBOMS dcm·acivo• of6-CPA and " C,"N~CPA re thermally lab,lc and may 
dc-grooe ifw;ing • conventional spht!splnlcu injection port. Therefore. 1 
im>a1r.t1ntnubl< l(mpcr .. u.rc v•pona,r (PTV) or cool on-column injection port huuld be 

d for chi enaly is. 

12.6. The GC Cl-MS opcr11ting condluons may be 1oodilicd to ob1.11n op111111t 
chromito raphic ~r-.1u,.1 anJ nwcs 5l)el!lmllll.'tl'lt l"'rfomwict. 

Dow ~LLC 
Sl!ldy ID: 0711 2.S 
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• 
12.7. hi i~t th:11 the SPE ul!VI be completely dry before eluting the 6-('J>A ..; ch 

dichloromcd1anc. The observation of salt or waler in the sample vial followm 
, tep 9.2. IS 111,1y indicate that tht Pl: colum,i requir further drying. 
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Table I. 	 Identity and Structure of 6-Chloropytidinc•2-Qf00xylic Ac:id and ''Ci•tN-6­
Chloropyridine-2-carboxylic Acid lnlcmal St:andard 

6-chlonlf'l'Tid..,.·2<•bo•)I "" 

• 


Mol,.."lllw fcnm,la: CJ{,Cljl;O, 
Fom,ul• Wcipr. i, .$6 
~1ooooo1op;. ~ = m 
C/1 , wnb<r 46114 94.-0 

"c," ·«blon,py..i ..... 2-a,i,,,•ylic octd 

Molocula, Fonnub. 11C,C,tt,el' 'No, 
Formu WetJIIM: 161 ,J 
~"'""-- 161 

C/IS Number no< ••.,I.able 

Suuetural Formula and Chemical :-lame 

n tt
0 C- OH 

GRM07 I~ 

• 
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Amendment No 1 

CEMS-6868 Sponsor Ref: 10002280-001-40402-0001 

Independent Laboratory Validation of two analytical methods for the 
determination of Nitrapyrin and Its metabolites, 2-chloro-6­
(dichloromethyl)pyridine and 6-chloropyridine-2-carboxylic acid in 
Soil 
Page Numbers: 3&4 Section Number: 6.2 

Typographical error in Study Plan 

For all paragraphs that refer to assessing data and reporting data from two 
confirmatory ions: 

This is only applicable to the draft GRM 07.13 method which has two 

confirmatory ions. 


Draft method GRM 07.14 only has one confirmatory ion. 


None. (ILV performed on the methods as provided.) 

Date: 

Teresa Devine 


~~ Date: 

Lisa Jut.sum ---- ­

£C. ~ Date: \h 1).., c.. 2q\ 
"S CampbelF'f 

Date: 

Study Director 

As per Study Plan 


• 
Cf:A.4 An.1lyt lul Si,n,10, Ltd 

R"JJ'~l~n·d () lt,n.- lmp.,-u,1 Ht1\h l"' I O~Uuid ... Q11~ IW~" C't trt+ I 0.1U.tnd, r..r, I Vt' 1,1,,lt~s,t I M,,,.. ~, I °'<.,41 ,UO 111 
t el .+ t,f (0) I l,.t I 'l~l 101.) f•.t t,-,1 I (0) 1 S J•I lilA/10 1 em• iJ ,011<11.1,t ., ,,µitt'ffl~(, t(1 1,li. w,b •ww <•rnn ,,...,JI.. 


	Structure Bookmarks
	• .
	• .
	• 
	• .
	• 
	• .
	• 
	• 
	• 
	• .
	• .
	• 
	• 
	• .
	• .
	• .
	• 
	• 
	• 
	• .
	• 
	• .
	• 
	• 
	• 
	• .
	• 
	• .
	• .
	• 
	• 
	11 
	• 
	• .
	• 
	• .
	• 
	• 
	• 
	• 
	• 
	• 




