
Imazapic (CL 263,222): LC/MS Method for the Determination of CL 263,222 Residues in 
Water. 

A. Principle 

Residues ofCL 263,222 are extracted from water using solid phase extraction. Measurement of 
the CL 263,222 is accomplished by liquid chromatography/electrospray ionization mass 
spectrometry (LCIESMS). Results are calculated~ CL 263.~-.by the direct comparison of 
peak areas to those ofexternal standards. The validated scns1ttV1Jr (LOQ, Limit ofQuantitation)
ofthe method is 0.05 ppb. 

B. Reagents 

(Items from manufacturers other than those listed may be used provided they are functionally 
equivalent.) . · . . 

Precautions are to be taken to restrict exposure to all chemj.cals specified in this method. 
Theproper use ofappropriate safety glasse5/goggl~ gloves, 1'¥'oratory coat, ventilation, 
and handling techniques are to be obsen:ed. App~pnate Matenal ~afety Data Sheets 
(MSDS) are to be reviewed for all ~bem1<:31s used 10 the m<:thod pnor to_starting work. 
The current MSDS for CL 263499 is obtamable from Amencan Cyanam.id Comoany 
Agricultural Products Rese:irch Division, P.O. Box 400, Princeton, New Jersey 08543-
0400. 

1. AnaJytica! Standard: Analytical ~~e? known purity, Ame~canCyanamid Company, 
Agncultural Products Rese:irch Dms100, P.O. Box 400, P~ceton, New Jersey 08543-
0400. 

CL 263,222: [nicotinic add, 5-methyl-2-(4-isopropyl-4-methyl-5-ox:o-2-im.idazolin-
2-yl)J 
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. 
© 1998 Ame.-ican Cyanamid Company . 
N01E: This method extends the LOQ ofMethod M2669 to 0.05 ppb. Se: Section L for 

chanees to the method. 
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2. Water Deionj,·ed: Water passed through a lvfillipore Milli-Q Plus ultra Pure Wate: 
System. Use this water for all steps. 

3. .So!vi:nts.: B & J Brand High Purity Solvents, Ba."rter; Burdick and Jackson. 

a. Methanol 
b. Methylene Chloride 
c. Hexane (UV Grade) 
d. Acetone 

4. Chemicaf:r. 

a. Hydrochloric Acid, Conceatrated, ''Baker Analyzed" Reagent 
b. Glacial Acetic Acid, "Baker Analyzed" Reagent 

5. Solutions: 

a. JNHydrochlorjc Acid: ~dd 83 ?IL of conce:itrited ~ydrc~hloric acid (B.4.a) to 
500 mL.ofMilli-Q water ma I-liter volumemc flask and dilute to 1 liter with Nfiili-Q 

b. 

c. 

d. 

e. 

water. Mix well. · 

o JNH,vdroc'hloric Acid: Dilute 100 mL ofre:i.gent solution B.5.a. to 1 liter with 
Milli-Q water. Mix well. 

O OJN Hvdroch]oric Acid: Dilute 100 mL of reagent solution B.5.b. to I litenvith 
Milli-Q water. 1-!ix well. . 

1% Acetic Acid jn Water. Pi pet 10 mL of glacial acetic acid (B.4.b) into 500 mL of 
Milli-Q water in a 1-li!er volumetric flask and dilute to I liter with Milli-Q water. 1vfix 
well. 

1% Acetic Acid io Methanol: Pipet IO 1I:1 of glacial acetic acid (B.4.b) into 500 mL 
of methanol (B.3.a) in a I-liter volumetric flask and dilute to I liter with methanol. 
Mix well. 

C. Appnratus 

(Items from other manufacturers may be used provided the-j are fun<:tionally equivalent) 

1. Liquid Chromatograph: Two (2) Shimadzu Mede! LC-IOAD pumps controlled by": . 
Shimadzu SCL-I0A system controller. · 

2. LC Column: 5-cm x 4.6-mm ID TSK-GEL Super-ODS, Cat No. 18154, TosoHa.as, 
Montgomeryville, PA · 

3. LC Injector: Rheodyne Model 7i25 fitted with a I0P..µL Icop. (See Note I.) 

4. Mixing Tee: Cat No. P-728, Upchurch. 

5. Low-vnJurne ::;ta.tic Mixer. Cat. No. CMA0l 10113T, Lee Scientific. 

6. Mac::: Spectrometer: Finnigan~!ATTSQi00. 
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7. Lr{MS Joterf"ac,e: •Finnigan MAT Atmospheric Pressure Ioniza#ori "(API) System. 

8. B;ila,nce Ana!yt,ic;tl: S~orius, Mo~el R200D, predsion::: 0.05 mg. 

9. Disposable Serological Pipets: 10 mL in 1/10 mL, Falcon Mode! 755 I, Bee.on-Dickinson. 

I 0. Disposable Scintillation Vials: 20 mL, Fisher Scientific. 

11. As~orted GiasS\vare: ~era! laboratory. 

12. .Sample Concentrator: Dri-Blocl::Model DB-3D, Techne (Cambridge) Ltd, Duxford 
Cambridge U..K. 

13. .Yacuum Processing Station: IST VacMaster, Cat ~o. 121-2?16, equipped with PTFE 
stopcoclc/needle·system, Cat No.121-0009, International Soroent Technology 
Md Glamorgan, U.K., Distributed by Jones Chromatography, Lakewood, co. 

14. Solid Phase Extraction Cartrid~e: Vari~ Bo~d Eut G 18 cartridge, 200 mg, 3-mL capacity 
tube, Cat No. 1210-2025, Yanan, Harner City, CA.· 

15. Reservoir ~ith Frjts: 15 m.L, Cat No. 1213-1016, Varian. 

16. l!daptr: Cat No. 120-1101, International Sorbent Technology. 

D · .P.reparntlon . of Standard Solutions 

I. Stock Solution (Prepare monthly, store in amber bottles in refrigerator) 

W e:gh accurately a known amoun! (appr~ately 100 mg) of CL 263,222 standard 
and transfer to a I 00-mL volumetnc flask. Dilt:1e to the mar.I!: with methanol and mix 
well. Calculate and record the exact concentration of CL 263,222, correcting for the 
standard purity. -

2 • .Standard Fortification Solutions (Prepare monthly, S-..ore in amber bottles in refiigerator) 

a. 

b. 

c. 

Pip et into a 100-mL volumetric flask an appropriate amount of the stock solution 
from D 1 to deliver 1000 mcg of CL 263,222. Evaporate the methanol under a 
stream cl"nitroe:en. Dissolve the residue in Milli-Q water and. dilute to the mark with 
Milli-Q water. -Mix well. This Standard Fortification Solution contains Io mcg/mL 
of CL 263,222. 

Pipet into a 100-mL volumetric flask.a 10-~ aliquot of Stan_dard Fortification 
Solution D.2.a. Dilute to the mark with Milli-Q water and moc well. This Standard 
Fortification Solution contains 1.0 mcg/m.L of CL 263,222. 

Pipet into a 100-mL volumetric flask~ 10-~ aliquot of S~?ard Fortification 
Solution D.2.b. Dilute to the mark with Milli-Q water and IIllX well. This Standard 
Fortincation Solution ~onbins 0.1 mcg/m.L of CL 263,222. 

3. Standard Liquid Chromatographic a.o Solutions (Prepare monthly, store in amber bottles 
in refrigerator) 

a. Pipet into a 100-mL volumetric ·flask a 10-mL aliquot of Standard F orti.fication 
Solution D.2.c. Dilute to the mark 'With Milli-Q water and mix well. This LC 

MethodM2669.0I, Page3 oflS 
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Standard Solution contains 0.0 I mcg/mL of CL 263,222. 

b. Pipetinto a 100-mL ~lumetric flask a 1~-mL ~quot o!the 0.01_ mcg/mL Standard 
LC Solution D.3.a. Dilute to the mar.ie'Wlth Milli-Q water and mix well. This 
Standard LG Solution con~ 0.001 mcg/mL of CL 263,222 and is the work.in£ 
standard for LC/ESMS analysis. . . -

c. Pipet into a 100-ID:1- volumetric flask.a 5-mL. aliquot of the O.~ I mcg/mr; Standard LC 
Solution D.3.a. D~ute to the mark with Milli-Q wat_er and .mix we!l. Tnis Standard 
LC Solution containS 0.0005 mcg/mL of CL 263,222. 

d. Pipet into a I 00-m.L v~lumetric flask a 2:5-mL a!iquot of the 0.0 I mcg/mL Srandard 
LC Solution D.3.a. Dilute to the mar.k:with Milli-Q water and mix well This 
Standard LC Solution contains 0.00025 mcg/mL of CL 263222. · 

E • Liquid Cbrnroatographic I Mass Spectrometric Conditions 

Operating conditions described below are provided for use c!;S a guide in estahlishimr actuai 
operating conditions and should be adjusted as nece.ssazy ta obtain peak shaces anl resolution 
from backgrcund peaks cquivale:rt to or bett~ than those shown in this method. 

I. Liqnid Chmmatograph: Two (2) Shimadzu Model LC-I0AD pumps controlled by a 
Shimadzu SCL-I0A system controller. 

2. Column: 5-cm x 4.6-mm ID TSK-~ Super-ODS, Cat No. 18154, TosoHaas, 
Montgomexyville, PA 

3. LC Solutions: 

4. 

a. 
b. 

Aqueous: I% acetic acid in water (B.5.d). 
Oraanic· 1% acetic acid in methanol (B.5.e). .. . 

LCLESi\-!S Gooditinos 

a. 
b. 
c. 

d. 
e. 
f. 
g. 
h. 
i. 
J. 
k. 
I. 

m. 
n. 
o. 
p. 
q. 
r. 

LC Column temperature: Ambient 
LC Flow Rate: 0.5 ml/min. 
LC Gradient 10% organic to 90% organic over 8 min.; 

hold at 90% organic for I min.; 
reset to I 0% organic over 1 min. 

Injection Volume: I00µL 
Eedrospray Voltage: 5kV 
CaJ>!llary Temperature: 300"C 
Capillary Voltage: 30V 
Tube Lens Voltage: 70V 
Oc:aoole Offset -2.0V 
Nitrogen Sheath Gas: . 80 psi 
Auxiliary Gas Rotometer: 30 
MS Mode of Ope."ation: QIMS 
Conversion Dynode Voltage: -15kV 
Eectron Multiplier Voltage: 1350V 
Pre:unolifier Gain: I E--08 amos/volt 
Scan Rate: 0.5 secJscan 
Scan Rmge (Full s~): m/z 250 to 350 
Sc:in Rmge (SIM): m/z276 (nominal)= 0.2 dalton 

Method M 2699.01, Page 4 of 15 
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s. Retention Tune of Analyte: . approx. 5.0 min. 

Lioeatit.v Cbeck 

f°he liquid chromatograph should be checked for line:uicy of response whe:ieve:- a new column or 
mstrument is used. 

I. Inject 100-mcL aliquots of Standard LC Solutions DJ.a,__D.3.b! D.3.c and D.3.d. 

2. For e:ich standard, determine the response fac-.or (ratio) by dividing the p~ resuonse by 
the amount (picograms) injected. Calculate the average response ratio. A deviation by any 
standard response factor by more than 20_% fro'!l_the average factor indicates instrumental 
rlifficulties or incorrect standard preparations wruch should be correc+.ed before proceedin!Z. - -

3 . Linearity checks should be performed wee.'dy d~g the analysis of samples from every 
field residue study and when the chromatograp~c system has been serviced. 

G. San:ipJe Preparation 

1. Allow the frozen or refiigerated water samples to thaw complete!y in an air-ti!Zht container 
just prior to extraction. -

2. Thoroughly mix e:ich thawed sample to obtain a homogeneous sample. 

H. Recovery Tut 

I. 

The validity of the procedure should al~fS be demonstrated by recovery tests before analysis of 
unknown samples is attempted. As a quality control me:isure, at least one concurrent recovery 
should be run with each set of samples. 

I. By pipet (C.9), place 10 mL of control water in the empty"reservoir (step 12 below). 

2. By pipet, add a volume of the Standard Fortification Solution to the reservoir appropriate to 
the fortification level to be tested. 

3. Continue with the cleanup steps in 12 with the addition of the 0.1 N HCI to the water in the 
reservoir. 

Solid 'Pbnse E:rtrm:tioo Oe:mup 

Prepare a Varian Bond Eut CIS cartridge (C.14) using an 1ST VacMaster vacuum · 
processing station (C.13) by washing the cartridge~ 1 column volume (approx. 3 mL) 
of e:ich of the following solvents in the~ order listed. Allow the liquid level to drain 
~~the top of the fiit above the so~ent bed after e:ich was_h. Leave a shallow layer 
of 0.0IN HCI over the top fiit of the cartnd~~ The washes should pass through the 
sorbent easily by gravi~. Use vacuum oi;uy II necessacy. 

\V:ic:h Solveot:r hexane, me!hylene chlorid~ me!hanol, t,.@li-Q water then 
0.01 N HCI (Re:igent solution B.5.c). • 

qose the stopcock on the vacuum ~roc::ssing station after the final wash. 

2. Fill the cartridm: barrel aooroximat~ly halfway v.ith 0.0 IN HCI. Attach a 15-mL reservcir - .. 
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(C.15) to the c::irtridge using an adapter (C.16): By pi pet (C.9), transfe: 1 0 mL of the 
water sample to the reservoir. By p1pet, add I mL of 0.1 N HCJ (B.S.b) to the water in the 
reservoir. 

3. Open the stopcock on the vacuum processing station and lead the water onto the sorbent 
bed at a rate of I to 2 drops per second. The extract should load satisfa~..orily with only a 
slight vacuum (< -1 in. Hg). Close the sto~cock whe:i the liquid level passes illS! .b.cl.my 
the top of the fiit above the sorbent bed. Discard the eluate and remove the reservoir and 
adapte: from the cartridge. . 

. . . 
4. Wash the cartridge Vtith I colll!M volume ofMilli-Q water followed by I column volume 

of hexane at the rate of approxunate!y 1 drop per second A vacuum of aoproximateiy _3 to 
-4 in. Hg wi11 need to be applied to pull the hexan_e through following the water wash. 
Close the sto.pcock when the hexane wash passes JUSt below the top of the frit above the 
sorbent bed. 

5. Using vacuum (approximately-3 to -4 in. Hg) e!ute the cartridge directly into a clean 
20-mL disposable scintillation vial (C. l 0) with I col11I!U1 volume of methylene chloride at a 
rate of approximately I to 2 drops per second. · 

6. Place the vial on the sample concentrator (C.12) at~ heat (approximately 60"C) and 
c::irefully evaporate the methy!ene chloride under a str~ of nitrogen. If any water 
droplets remain after evaporation of the methylene chlonde, a small amount (aoproximate!y 
I mL) ofUV grade methanol (B.3.a) may be added to help evaporate the water. 

7. Dissolve the residue in I mL ofMilli-Q water for analysis. 

J • LC[ESMS Annlvsjs 

I. Using the parameters detailed in Section E, a 1000-pg on-column injection of CL 263,222 
(100 met of Standard LC Solution D.3.a) should ~ea background-subtracted mass 
soectrum similar to that shown in Figure I. Determine the mass ~troid of the ion at 
m/z 276 and set the mass spectrometer for selected ion monitoring of this ion with a ±0.2 
dalton scan window and dwell time of 500 msedion (O.S sec/scan). 

2. Inject 100 ".mcL aliquots of the working 5W!dard (~.001 m.cg/mL, Standard LC Solution 
D.3.b) until a re:ison~ly constant response 1s obtatp.ed (Figure 2). 

3. Establish the line:uity of the responses following the procedure described in Section F. 

4. An injection of the working standard is to be made after at le:i.st evezy four sample . 
injections. 

5. The peak response variation be.twee'! two adjacent bracketing standards m?st not e."tceed 
20%. If the variation e.,:ceeds 20%, instrumental parameters shoy!d be adJUsted to restore 
adequate sensitivity. If such adjustments are made, inject duplicate aliquots of the working 
standard to determine the new response values of the standard Then, the samcles 
bracketed when this >20% variation occurred must be reinjected. • 

6. If an analyte response exceeds the line:ir range, dilute an a_ppropriate volume of the s:mrnle 
with additional Milli-Q water (B.2) in a separate 20-mL scmtillatioc. vial. • 

MethodM2669.0l, Page6 ofl5 
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K. .Calcnfations. 

For ~CJ. sample c::i.lculation, use the sample p~ ar? and the average pcl are:i of the external 
standards injected before and after the sample lDJectlons as follows: . 

Ppb = R(SAl'vJP) l (YI) J 0'3) I f'(STDl J rv51 J D,f . .I 
1000 R (STD) :i: W :x (V2) :x (V4) 

. 
% Recovery = ppb Found 1 I oo 

FV :x FC :x 1000 /W 
= ppb Emmrl :r 100 

ppb Added 

Where: 

R(SP.i\fP) = 

R(STD)= 

W= 

VI= 

V2= 

V3= 

V4= 

VS= 

C(STD)= 

D.F. = 

FY= 

FC = 

Peak area of sample 

A ve:age pcl area of bracketing standards 

Weight of sample taken fer analysis in grams (Io g) 

Volume of extraction solvent in milliliters (10 mL) 

Aliquot of extract taken for analysis in milliliters (1 O mL) 

Final volume of sample solution for LCMS analysis in milliliters (I mL) 

Volume of sample ·solution injected in microliters (I 00 mcL) 

Volume of working standard solution injected in microliters (100 mcL) 

Concentration of working standard solution injected in micrograms per 
milliliter(0.001 mcg/mL) -

Dilution fac!or 

Fortification volume in milliliters 

Fortification concen~tion (of standard solution added) inmcg/mL 

Typical chromatograms from LCJESMS are shown in Figures 2-6 • 

L • Notes to Method M '2669,01 

1. To minimize chromatomobic de:id volumes and cone-0mitant p~ broade.cin!! the LC 
column (C.2) can be ~dily connected between th: Rheodyne injector provided with the 
Fmnigan MAT API System (located ~n the fro~t or the instrument) and the e!ectrosoray 
ionization·interface. Chromatographic conn:::ttons betw.1;eo. the LC pumps, mixing tee, 
static mixer, and injector should be kept as snon as poss1ole. • 

2. The following mQdifications have been made to meilicd M 2669: 

a. The method number has been changed to M 2669.0 l and is indic:i.ted in the header of 
page 1 and in the fcoter of each page there:ifte:-. 

Method M 2669.01, Page 7 of 15 
Page 44 

BASF Reg. Doc. # IA-243-006 Page 44 of 52 



b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 
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The date, located in"the footer of page I, has been changed to 1998. 

T.ne ge:ie.-ic name has been changed to imazapic. 

The Limit of Quantttation (LOQ)'ofthe method has been e:cre::.ded to 0.05 ppb. 

Safeey precautions ~ve been added under Reagents. 

Step D.3.d has been.added to give a 0.00025 mcg/ml standard fer the lower LOQ of 
the method. 

Step F.I: Standard ~C Solution D.3.d has been included in the linearity check. . 
Step F .2: The all~le deviation in the standard response factors from the average 
factor has be--...:i changed to 20'¼. _ 

Step J.5: The allowable peak response variation betwe4....:i bracketing standards has 
been changed to 20%. 

There are now 15 total pages (mstead of 14) for the method because of the remiired 
~~~a . 
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