LC/MS of 52 Carbamates: A Fully Automated Protocol

Kate Yu, Jim Krol, Michael Balogh
Waters Corporation, Milford, MA, USA

Introduction A Fully Automated LC/MS Protocol Results and Discussion

Response
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following tasks:
— Run a full scan injection for each of the standard with multiple cone voltages (52 injections)

r2=0.9919
U 38.00 — Set up an SIR MS acquisition method based on the optimum cone voltage for each compound
35.90
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\ In QuanOptimize analysis, each analyte was analyzed twice: once as a standard for full
scan optimization, once in sample mixture for SIR quantification. Showing here on the left is
the full scan spectrum for Methomyl. Showing here on the right is the calibration curve of

Methomyl.
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f U 3699 — Run the quantification analysis using the SIR method it created
— Create a quantification method based on the LC/MS result
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U"_J\J - Perform quantification and create a final report which can be viewed in QuanLynx browser 0 100 pp © 100 pp!

= Time pglul The quantification results for each analyte via QuanOptimize are shown on Table 2.
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The very first step for this project was to develop a HPLC method to separate the 52 analytes. Since Fluometuron Diruon Siduron
the intention was to use MS as a detector, there was no need for baseline resolution. Significantly
cuts down the method development time and the run time.

0.5 to 100 ppb

The Current EPA Method (M531.1) for Carbamate Why is N-Methyl Group Crucial? Among the 52 analytes, some of them have the same m/z value. For example, Diruon,
- . . Fluometuron and Siduron all show up at m/z 233 when optimized manually. As shown
AnaIyS|S in Waste Water and Drmkmg Water The fluorescence detection used by M531 requires post column derivatization of the here, there are 4 distinct peaks at m/z 233. They are Diruon (t = 23.1 min.),

carbamate. The N-methyl group is required for the derivatization in order to form the M S CO n d iti O nS an d M eth 0 d S by Q u an O pti m i Z e Fluometruon (t = 22.4 min), and Siduron isomers (t = 26.8 and 27.3 min).

. highly fluorescent derivatives. - . - . I
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o j:i”; on Ho o 8 E'PPC \{yitht'pos;lcolumn Step 1: Hydrolysis all three compounds from one trace and accurately quantify them. As a result, Deionized Wat Milford Drinking Wat Vilford Waste Wat
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beny s cHs Lhe "r‘TJ]?_C"f)n volume is [ N 5 Barbamate C11HONO2CI2 258 275 257.81 CV17 6scanEs+  flow injection analysis. The MS scan range
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14  Carbosulfan C19H32N203S 369 386 386.27 CV 17 L/L 9 p : Recovery% Recovery%
15  Chloroxuron C15H15N202CI 291 308 290.88 CV29 Teangs.  ® FOr 52 analyte, the optimization was 1 Aldicarb 191 208 16.71 2.81 0981 130 113 The 2 ppb level shown is more than sufficient to accommodate the EPA requirement.
16  Chlorpropham C10H12NO2ClI 214 231  213.89 CcVv 17 ‘ 1.46e8 finished in less than two hours. 2 Aldicarbsulfoxide 207 224 556 3.66 0.978 109 112 However, with the S/N ratio above, there is room for even lower level.
FRURCTR 17 Cycloate C11H2INOS 216 233 21596 CV17 3 Aminocarb 209 226 17.71 0.353 0.996 108 99.7
The Advantages and Limitations of Our Project Goal 18 Diallate CIOM17NOSCI2 270 287 269.85 CV29 Tsenese = Showing on Table 1 are the optimization 4 Adicarbsufone 223 240 7.4 0721 0997 113 105
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Post Column Fluorescence Methods 19  Diruon C9H1ON20CI2 233 250 232.81 Ccv 17 L 1.37¢8 results forAaIAI 52 analytes via ) :
20 EPTC C9H19NOS 190 207 189.97 CV 17 QuanOptimize. The numbers in red were 6 Bendiocarb 224 241 20.86 3.68 0.994 735 63.5
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35  Monuron C9H11N20ClI 199 216 198.93  CV17 23 Ethyl Carbamate 90 107 773 572 0.995 92.2 93.2
36  1-Napthol C10H80O 145 162  145.09 Ccv 41 e e orizatinbode  [£50 = (™ e o e ancaonblode  [£5+ =] 24 Fenuron 165 182 11.75 0.566  0.996 119 107 %‘j?l;v“xg, - P . B Bramacil Ferbam (Fe+3 DMDTC)
37  Neburon C12H16N20CI2 275 292 274.87 CV 29 (0) B GEY) InterCharmel Delay [102 ) B=)  GEX) InterCharel Delay [L02 25 Ferbam 417 434 5.56 0.955 97.2 95.2 Aldicart Sulfone. e roma;&alma Dlillll);; Chioroxuron Metam rsla (MMDTC a]nion)
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More Carbamates and Thel r 39  Promecarb C12H17NO2 208 295 207.99 oV 17 feueals : zweels : 27 F_ormatamate 222 239 20.86 1.29 0.997 100 90.5 Catbofuran Caberaan Propachior Tillam :;:Sz:wron Xiram (Zn-2 DMDTC)
. The 52 Carbamates Requested by US EPA 40 Propachlor CllH14NOCI 212 229 21195 CV17 - i 28 Linuron 249 266 2871 25 0996 935 95.2 i e R oo R oo mnm Nt
Degradation Products Need to Be Detected 41 ropham ciomiaNoz 10 7 17969 Cvir 20 MeanNa 130 4 807 106 0968 100 98 e BT R
42 Propoxur C11H15NO3 210 227 20993  CVS3 s - oo — 30 Methiocarb 226 243 27.22 478  0.986 83 112 A S oo
= For carbamate compounds, the degradation products may be equally S S . 6 43 Prosulfocarb 252 252 cv 17 £ Enl £nd C— 2; mEEh:)mytl) 122 igg 2-11;1 g-;; g-ggfi iég ig: Propoxur
or more harmful than the parent analytes aroamatelana ogs lo-Caroamate ” giresy 9 P an 44 Siduron C14H20N20 233 250 233.06 CV 29 4Pl Piobe el robe etolcar - B E
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for new, novel methods to address the “screening”of these analytes at ehaies e FO':’Y'ma‘:r;;e'“a o chioroxuron e ,ga MMDTC BZ“OH) 46  Thiodicarb C10H18N404S3 355 372 354.88 Cv 53 o M 216 17.96 229 0996 111 112 * Suilable for both the EPA M531.1 and the LC/MS method (20)
he action limit Adicarb Benomy! Metolcarb £PTC CiEy DMDTC (Anlon) 47 Tillam C10H21NOS 204 221 20394 CV17 o Carcel o Carcel onuron 199 . - - * Suitable for ONLY the LC/MS methoos (26)
the action limits. S G R Tiam Flomewon  Zion (7o SwbTC) 48 Trialliate CIOHI6NSOCI3 204 321 303.79  CV17 36 1Napthol 145 162 2186 112 0994 104 99.5 T Notsutepletoreiner(©)
— Some analytes do not have established action limits 30H-Carbofuran Carhosulfuan Promecarb Trlallate Linuron ’ Showing here is the SIR MS method that QuanOptimize created for the quantification analysis. The maximum 37 Neburon 275 292 32.48 1.47 0.992 112 118
: M 49  Verolate C10H21NOS 204 221 203.99 CV17 e S d that qu T . . . X o ) o )
= Waters Industrial Application Group has been asked by EPA Office Nietom Cysoms T Prosiotad vemetee Neburon 50 Ziram CoH12N2S4zn 305 322 30482 OV 29 channels per function in MassLynx is limited to 32, therefore, QuanOptimize created a method with two functions to 38 Oxamyl 220 237 778 191 0989 94 82.8 However, it is important to realize that the LG/MS method developed in this presentation only
. . N 1-Naphihol Eserine Thiodicarb Slduron g accommodate 52 analytes. All the exact m/z value and cone voltage for each analyte was shown at the table 1. utilized the reversed phase LC separation with electrospray MS detection. Some of these 6
of Solid Waste (OSW) to develop a single LC/MS screening method Oxamy! Eserine Salicylate Tebuthiuron 51  DMDTC 129 146  129.07 cv 41 < analyk ¢ exact m/ > ole - 39 Promecarb 208 225 2865 1.23 0.991 105 111 e
for carbamate pesticides. their manufacturing precursors and Propoxur . Once QuanOptimize finished all injections, it created a quantification method and processed the whole sample list. 40 Propachlor 212 229 2484 0806 0995 114 122 compounds may be able to analyzed by APCI. Some of these ionic compounds may be able
degradation pr%ducts ' 9p 52 OHDMDTC 145 162 161.9 Cvs The report for the whole analysis can be view from QuanLynx browser shown in the next slide. ot Propham 180 197 . N'o 'No No No to analyzed via IC(ion chromatography)/ESI-MS.
— Includes 52 analytes 42 Propoxur 210 227 20.46 No No No No
* Suiable the EPA M531.1 (20) 43 prosufocarb 252 37.98 1.26 0.989 128 143
- To replace 6 current methods: 8141A, 8270C (GC/MS), 8313, 8321A * Not suitable for the EPA M531.1 (32) )
(LC/PpDAer-MS*) ( ) . 44 Siduron 233 250 27 0.64 0.997 118 109
_ : P— : ” The compounds in red have the N-methyl group, therefore can be derivatized and detected by R e O rt n u an L n B ro S e r 45 Tebuthiuron 229 246 16.93 1.16 0.992 113 108
%Jsmvrvnegéztsg gugczegbirggtges Method Evaluation Report” from SAIC to fluorescence detection (M531). There are 20 of them. I X W 46 Thiodicarb 355 372 20.8 No No No No
’ ! - 47 Tillam 204 221 3586 16 0.887 126 97.2
The compounds in gray do not have the N-methyl group, therefore, can not be derivatized and L
B Y Thermospray MS detected by the fluorescence detection. They have to be determined by other types of detectors. 48 Tnallllate 304 321 19.04 7.28 0.991 124 124
. Y i HYH 49 Verolate 204 221 3586 5.68 110 121
SAIC: Science = There are 32 compounds that can not be detected via the current EPA Method M531.1. Statistics for C ¢
50 Ziram 305 322 No No No No
€] QuanLynx - 50-Quant-fix.qld - Statistics : QC (Concentration = 2.0000) r 51 DMDTC 129 146 417 088 113 128 CO n C I u S i 0 n
LieREx Rviow B0y A erocessho Rt cow B i) QEACE s
B A= X g ot Tmborof Sancls T Tadom T ™ | 52 OH-DMDTC 145 162 No No No No
I X chirprophon . Lo s1eee =" nest
e S : e = e o
Arbamate! fart T Benomyl Diruon & 2.0974 0.1392 6.6373 0.097¢
aoania00s |04zt < X 0 ) )
. The system was Waters S ey — §EH : i e o i = We have developed a LC/ESI-MS method for simultaneous detection of
LC/MS Is the Method of Choice AllianceHT 2790/996 PD A/ZQ 2000 coende o 5 man Kemconnd . Lo pysd i s 46 carbamate and their waste constituents
arbamate008 gl tar arbofuran Fenuron & 2.2942 00954 4.1598 0.2942 . .
i . ol e = e e : i oo e e The ions marked with red in [M+H] column and the [M+NH4] column were the ones that chosen - Enhance capability to analyze much wider range of analytes
LC Conditions MS Conditions = e 3 P inimi hod devel i
= Most of these 52 compounds are either extremely polar or ionic, GC N e T— Lo . e s s B by the author as a result of manual optimization. In Table 1, the m/z values chosen by - Minimize method development time )
would not be suitable for them. HPLC is the natural method of choice for o T o - Lt ¢ s oo o 2o QuanOptimize were displayed. Most of them agreed with the manually picked ions. = Do not require baseline resolution for the LC separation
the separation - Column: Waters Symmetry C8 2.1 x 150 mm, = lonization: ESh Druen Hrethort . P e 103345 oamm = Fully automated LC/MS quantification protocol
. . . 3.5 mm, 40°C - i : . il e 0 o The limit of detection (LOD) reported here was calculated based on S/N = 3 with unsmoothed i ivatizati
= UVis not a suitable detector for the 52 carbamte analysis. Of the 32 E:,j’,ﬂ':;’,,‘;f,ﬁﬁ;,, [P = e 5 —— ! —'_IJ chromatogram (LOD) rep — Do not require post column derivatization
compounds that can not be analyzed by the PCFD, 22 of them have - Flow Rate: 0.3 ml/min - Desolvation Temperature: 3500 T E———— Eicabanate [ nams. Methom o — Sufficient sensitivity to accommodate the EPA requirement
either none or very weak UV absorbance - sample Temp: soc - Desolvation Gas Flow (L/Hr):: 650 . — Ejvhemt 1t ng‘:Ww"gxa‘«%‘e;a?fgzan«zmm = i = = = = = The percent recovery was calculated based on 20 ppb standard spiked in to appropriate = Capable of detecting < 1 ppb at 50 mL injection volume (less than the 400 mL
= For either UV or Fluorescence detection, all anlayte needs to be baseline ’ - Cone Gas Flow (L/Hr): 0 13m0 Formacanas came o Unear, Origi Excluse, Weigring. 1, i s one oo ¢ sz o o7 Lo matrix. The EPA M531.1 method indicated that the acceptable recovery range is 70% to indicated in EPA M531) )
resolved for proper quantification (even for semi-quantitative analysis) = Mobile Phase: N L":‘A":s""l‘"?"-_ i:-g tendese o s17093 ot : oan. oao om0 w0 130%. Compounds with recovery range outside the regulated number are considered to be — Strong selectivity to handle complex matrices
- The single quadruple MS detector offers the ability to analyze much - A:10 mMNH4OAC In Water, pH 5.0 . Mt . T Fore ; ol 2z i o affected by their matrices. = Method applied to waste water and drinking water with direct injection
h N ~  B:10 mM NH4OAc in Acetonitrile lon Energy: 15 e Heserine 6 245895 13659 s5546 45895 . ithin th ated ith leani |
larger range of compounds, especially with Electrospray (ESI) and APCI - Dwell Time (3): 0.02 R §::n‘n::':::§k: : sz i s s ) - Recoverle.s were witl |n.t e EPA regulatet ra?ge without pre-cleaning sample-prep
with sufficient sensitivity and high selectivity. - Gradient: = Inter Channel Delay (s): 0.02 Voinate Krenuron ¢ 230999 L2 S.4033 30999 « This protocol will be submitted as a screening method to EPA and ASTM
= MS detection is highly selective e e > o unve = Inter scan Delay(s): 0.02 o e . el i poieg sl for validation
- With its ability of multi-channel detection, there is no need for baseline 200 300 700 03 6 Oyl Firanaanae . prpesd o fig L
i | R Hmremto . w3 L0z sz oS
resolution for the 52 analyte 50.0 0.0 100 0.3 1 Propachir ) Lt ¢ v s o o
— Interference for analyte in complex matrix is much less compared with UV or 64.0 95 s 03 1 e P O T ol z‘imjf:z’fj‘ s 293 paiz s 257 o
Prosufocarb F1 D
MS Z?le:r)s structure confirmation should there be a need * Inlection Volume: S0 m - e - Cha e ‘
- . A E———
In QuanLynx browser, the results are shown as one compound per page. Each page shows the The statistic results for each analyte at each QC level can also be viewed from the QuanLynx Browser

result table, the corresponding chromatogram, and the calibration curve. In our analysis, there were
52 analytes, therefore, there were 52 pages in this report.
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