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Outline

Examination of generic direct injection methodology.
Evaluation of sensitivity.

Enabling technologies for assaying large numbers of
analytes.

Approaches to confirmation:
MRM Ratios
MS/MS Library Searching

Software turn-key solutions for streamlining routine
analysis and report generation.
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Experimental — Generic Pesticide Screening

Sample Preparation
Surface water, tap water or bottled water.

Filtered through 0.2 um syringe filter (Nalgene PTFE single
use filter).

Direct injection.
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Experimental — Generic Pesticide Screening

HPLC:
Phenomenex Synergi 4um Fusion-RP 80A (50x2mm)
Eluent A: H,O + 5mM ammonium formate
Eluent B: CH;OH + 5mM ammonium formate
Gradient: 80/20 — 10/90 over 11 min
Hold time: 5 min. Re-equilibration 9 min
Flow rate: 200uL/min
Injection volume: 20uL
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Experimental — Generic Pesticide Screening

MS/MS:
3200 Q TRAP® and API 5000™ LC/MS/MS system
Turbo V™ source with Electrospray probe
2 MRM transitions per pesticide
Curtain gas: 20 psi
Nebulizer (Gas 1): 45 psi
Auxiliary (Gas 2): 65 psi
Temperature: 500 °C
IS Voltage: 5500V
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Separatibn and Detection of 50 Pesticides (100 MRM)

[ B =iC of + RN (100 pairs) 165.172.0 amu from Sample § (50 pa/mL) of FestizidesDrinkingiaterwiff (Turbo Sprawv) hax. 1.1ed cps|
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3200 Q TRAP®: 1ug/L of Selected Pesticides
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API 5000™: 0.1pg/L of Selected Pesticides
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Different LC/MS/MS Systems

MRM Sensitivity of
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Pesticides in Driunking, Bottled and Pond Water

50 Pesticides detected using 2 MRM transitions
Area counts >3000

S/N >6
Full Layaout
@ @ EI E E E :.?!jr:r_l,l. SampleCheck, weag, SampleCheck, weq
Sart : Unzorted
Calculated
Sample Hame Sample Type Analyte Peak Name i?:?:iui?‘i:; ﬁ:::;:g ;'::fs] Concentration
{ng/mL}

1 Leitungswasser DA Unknown Desethyl-atrazine / 104.0  |5.20e+103 188.0/104.0 amu 0.003

2 Leitungswasser DA LInknon Hexaconazale £ 159.0 B.07e+HI03 314.1/159.0 amu 0.025

3 Leitungswasser DA LInknon Flufenaxuran / 158.0 4 38e+H103 4859.1/158.0 amu 0.005

4 Leitungswasser DA LInknown Flufenaxuran £ 141.1 3.02e+H103 48911411 amu 0.008

5 Mineralwasser Lnknoen Desethyl-atrazine / 146.0  |1.92e+004 188.0/146.0 amu 0.003

5 Teichwasser Lnkrown Fenuron / 72.0 1.78e+H104 165.1/72.0 amu 0.003

7 Teichwasser Lnkrown Fenuron /1201 6.18e+H103 165.1120.1 amu 0.073

g Teichwasser Unknown ' 1.30e+104 24112140 amu___

9 Teichwasser Lnkrown betobromuron / 1?EI.D 6.81e+103 25811700 ar@ 0.003

10 Teichwasser LInknown ] : 2.15e+104 280.0/220.0 amu ooas

11 Teichwasser LInknown h 1.25e+104 280.0AE0.0 amu

12 Teichwasser LInknown Metolachlor / 262.0 \ 7.35e+104 284 1/252.0 arp( 0.0m

13 Teichwasser LInknown Metolachlor £ 1761 / 3.12e+104 28411761 an\u\ 0.012

14 Teichwasser LInknown argr . 7.61e+103 20200970 ama T

15 Teichwasser LInknown Hexaconazole 7 1589.0 6.71e+103 314.1158.0 amu 0.022
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Positive: Metolachlor (APl 5000™ system
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Negative: Metobromuron (APl 5000™ system)
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Enabling Technologies for Screening and Quantitation of
Large Analytes Sets

LINAC® Collision Cell

Scheduled MRM (sMRM)

13 April 28, 2008 © 2008 Applied Biosystems WCTO Workshop, Saskatoon 2008
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LINAC® Collision Cell — Fast MS/MS Experiments

r (LINAC®): Tilted quadrupole rods of the collision
d gradient which accelerates product ions
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Scheduled MRM (sMRM)
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Analyst - [Acqui n Method: D:\Analyst Data\Pro

- File Edit View Acquire Tools Explore Window Script Help
é I}W n é B) é@ @ ) el |Acqu|re Mode j |f| ‘Smarmv Forensics j
= iy P} R T N
2l =l
A Configure Acquisition method LE ] Advanced M5 ]
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(=] ardware Lanhiguration = é PeriDd 15,0131 5 Fre WRM =
A typ [MBR]
& Report Templats Eritor SR 01 Mass (Da) | 03 Mass (Da) | Time (min) | D CE (volts) | ~
 Tune g i[’E";IC”tE”a 1 429000 97 100 43 17alpha-Hydroxyprogesterane | 50.000
o Folarity g 303 000 108100 EES 17-alpha-Methytestosterane. |35 000
¢ Resclulicn (ptinizalion 7 Pt & Positive 3 232.000 99,000 43 2-Aming-5-chiorobenzophenone |50.000
A Quantitative Optimization H 1 Agilent 1+1EDF;LC Bin. " Megative 4 243,000 91.100 45 2-Amino-S-nitrobenzophenone 50,000
B 333.000 211.200 4.4 2-Hydroxyethylflurazepam 50.000
A Ao Tune < Eauilbrate (0.0 i dersction vindow: [35 fsec) |8 182,000 91.100 42 34-Dimethoxyphenethylamine |50.000
L Manual Tuning « f; ":n”t”ltlou‘uu g’?jm 7 150.000 77.000 52 3,4-Methylenedioxysmphetamine |50.000
[ 208 000 77100 45 3,4-Methylenediozyethylampheta |50.000
B4 scquie 31 3 134000 77 000 35 3 4-Methylenedioxymethampheta |50.000
%I04 Method Wwizard 10 |434000 261,000 39 3,5-Dilodotyrosing 50,000
] - 1 32000 75.000 67 % Hydraxybramazepam 50,000
TE Buid Acquisiion Method TeroeScarirme] [ =) 12351000 105100 43 3-Methyltertamyl 50,000
Build Acuisition Batch 13 |2sao00 105100 40 4-Benzamidosalicycic acid 50,000
14 |z13.000 77100 42 4-Methylumbslifery acetste 0,000
27 Expicss Misw M 15 153,000 92100 41 G-MercaptoLrine 50,000
A& Evplore [1) Periad Summary 16 328.000 165.200 39 6-0-Monoacetylmorphine 50.000
= ) ) 17 |zee0mn 121 100 57 7-Aminocionazepam 50000
fiajQ penibSiaRls Durstior:  |15.013 ] 18 |270.000 121.100 03 7-Aminodesmethylunitrazepam 50,000
e Open Compound Database Delay Time: |0 [sec) 19 264 000 135100 54 T-iminoflunitrazepam S0.000
. < 20 252,000 121.100 46 T-Aminonitrszepatn 50.000
L Quentitate Chetes | 71 215000 67100 51 8-Chioratheophyline 50.000
EF Build Quantitation Method Cycle: 40780 [sec) 22 146,000 75100 4.1 -Hycroxyguinoline 50,000
& . 7 |427 o 207 20 43 % Hycreyrisperidane 501000
N Quanitation izard 24 |337.000 116.100 34 Acebutolol 35.000
Review Results Table 25 278000 69.000 0.3 Acecarbromal 50.000
26 |170.000 52.100 53 Areclidine 50,000
& Compaion Software 27 |aseom 214100 41 Acesiafenan 01000
B3 Modification MAM m_ |#s00n 133400 43 Acemetacin 35,000
) 29 |as40m 243100 ns Acenocaumaral 01000
[ Tompo LC device T O ] 55.000 03 Acepromazine 0,000
E’i Tempo LC device CH2 31 327 000 86.100 54 Aceprometazine 50.000
32 327 .000 155.200 4.7 Acetaminodantrolens 50.000
i Tempo nano LT usssmpler EEI E 122100 EES Acetiamin 35 000
34 239.000 109.100 41 Acetylaminonitroprophoxybenzen |50.000
3 |1s0000 65,000 4.4 Acetylzalicyiamid 50,000
35 |zz8000 135,000 78 Aciclovir 35,000
3w |s+a000 232200 70 Aerivastin 50,000
35 |2s4.000 145100 62 Actinonuinol 50,000
gt} 274 0NN 135 100 35 Adrfivie A NN !
X )
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Advantages of sSsMRM
sMRM

Fixed MRM

= 8 min A Points

37 Points

17 Points

= 5 min /\ 6 Points

11 Points

. 3 min /\5 Points

17

April 28, 2008
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More data points over
HPLC peaks to improve
data quality

More MRM transitions
per experiment to
iIncrease number of
monitored compounds
More time for
confirmatory analysis
High resolution HPLC
with MS/MS detection

WCTO Workshop, Saskatoon 2008
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34 MRM Transitions in 4min with sMRM
[1 XIC of -MRM (6 pairs): Period 4, 293.2/237.0 arru from Sample 8 (All Periods) of Periods RT Testing IL.wif... Max. 4.1€5 cps|
Time Flow (mL/min) A/B (%) 226

405, 0.0 2.0 95/5
385 (0.3 2.0 95/5
365, 2.0 2.0 33/67 0.03min
345, 3.0 2.4 5/95 e
3265, 3.3 2.7 5/95
305, 4.2 2.0 95/5
2851 5.0 2.0 95/5
2651 (Agilent 1.8um column)
2.4e5+
2.2e5
2.0e51
1.8e5
1.6e5
1.4e5-
1.2e5- f
1.0e5- H
8,064 « |
6.004 |
4.0e4 ‘\ |
2.0e4 1 :r I
- | L I b T |

) 05 10 15 20 25 30 35 4.0
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N o —
A N Dt e e
) et :"%‘J’gj—b ‘tﬂfp{gxﬁ ?* ?%f%‘ _I/_’"‘&?zjr‘f%‘ Ilm

Enhanced Product lon (EPI) scan of Q TRAP® systems

- MS/MS Spectra contains information of all MRM
transitions of the analyte.

- EPI has sensitivity level of MRM.

- EPIl is less time consuming than acquisition of many
confirmatory MRM transitions (100MRM with 5ms dwell +
5ms pause ~ 1s vs. 2 EPI over 500amu with 4000amu/s and
100ms fill time ~ 1s).

- Confirmation with library searching.

19 April 28, 2008 © 2008 Applied Biosystems WCTO Workshop, Saskatoon 2008
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Information Dependent Acquisition (MRM to EPI)

Information Dependent Acquisition (IDA) of EPI spectra

MRM with high selectivity and sensitivity triggers
automatically EPI scan

Survey Scan

o ]

Dynamic background
subtraction to confirm i s M

co-eluting compounds
@ { Dynamic }
Exclusion

Dependant Scans

l
}—|>}»~—} o WA
| fh—Phl
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Quantitation and Confirmation

[W—XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 7 (10) of Data EPI vs MS2 - EPI dynF T 216.Wiff (fxha Sarau May 1 404 ong
345,
L]
1.4e4 720 a0
el MRM t tif
2505|
o quantify
1.1e4- 8
1.0e4 155
9000.0 105,
8000.0
504
7000.0
6000.0 OO
00022 D HHODHDIMIMIMDMDWDB WO 1D A
5000.0 - Qrogtraion rght.
4000.0
3000.0
2000.0
1000.0;
0.0 T T T T T T f T T . T . . .
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Time, min
B, EP|(216.10) CE (35): Exp 2, 7.073 to 7.299 min from Sample 7 (10) of Data EPlvs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 6.0e5 cps|
174.
6.0e57 0
5.5e57

.= Enhanced Product lon
***\to confirm by library search

4.0e54
s Purity Fit 95.6%
3.0e54
2.5e54
2065 103.9

132.0 146.0
1.5e5

216.0
1.0e5 790

5.0e4+ 110.0 138.0
0.0’ L t bt L n T Lo T ﬂ T Ay T T ke e T T T T
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
m/z, amu
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RAP® or QgQ (10ng/mL Atrazine)

of + pars): Exp 1, 216. 0 amu from Sample Of Data EPTVS - Vil Wit (TUrbo Spray) Vex. 1.4e4 cpg|
1.4e4 7.20
2] MRM
1.0e4+
8000.0 1
6000.0
4000.0 1
2000.0
00’
’ 1 2 3 4 5 6 7 8 9 10 11 12 13
Time, min
B, EP|(216.10) CE (35): Exp 2, 7.028 to 7.344 min from Sample 7 (10) of Data EPIvs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 4.5e5 cps
174.0
= Enhanced Product lon scan (Q TRAP®)
3.0e5 : : 0/
Purity Fit 95.6% x1100
2.0e5
104.0
96.0 132.0 146.0
1.0e54 790 216.0
ﬂ 110.0 125.9 128.0 138.0
0.0M ; ; - e ; e ‘ ; ‘ . ; ; ; ; ;
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
m/z, amu
B ,\S2(216.10) CE (35): Exp 2, 7.074 to 7.382 min from Sample 7 (10) of Data EPI vs MS2 - MS2 216.wiff (Turbo Spray) Max. 3136.9 cps|
174.2
= Product lon scan (QqQ)
= Puyrity Fit 69.5%
urity Fit 69.59%
20004 96.2 104.2
1500 92
216.0
1000 132.2 146.0
138.2
500 126.8 ;\ H m
o, Ay b . ‘ | — ‘ ‘ il ‘
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
mlz ami
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Confirmation by Q TRAP® or QgQ (0.5ng/mL Atrazine)

[ B XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 4 (0.5) of Data EPI vs MS2 - EPI dynFT 216.wiff ( Turbo Spray) Max. 660.0 cps]

660 7.21

= MRM

500 -
400
300
200

100 4
M

0 7 T T f T 1 f T T ; ; ; f ;
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time, min
B EPI(216.10) CE (35): Exp 2, 7.121 to 7.301 min from Sample 4 (0.5) of Data EPI vs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 3.5e4 cps|

3.5e4 174.0

=« Enhanced Product lon scan (Q TRAP®)
.. Purity Fit 76.5%

1.5e41 790 96.1 216.0
1.0e44 104.0 1459
5000.0 ] ‘ |
70 8 9 100 110 120 130 140 15 160 170 180 190 200 210 220 230
m/z, amu
B ,MS2(216.10) CE (35): Exp 2, 6.628 to 7.861 min from Sample 4 (0.5) of Data EPI vs MS2 - MS2 216.wiff (Turbo Spray) Max. 89.2 cps |
1740
= Product lon scan (QgQ)
80+
60+ y
401
201
70 80 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230

m/z, amu
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Library Search Results using QgQ or Q TRAP® in
comparison to a calibration line in MRM

1 ng/m L \ ¢ Linear calibration —=— Fit (%) EPI —s— Fit (%) Msz\

4.5E+05 9.7 100

3 ' {
4.0E+05 /'@/J% pany

r/87.1 /
3.5E+05 il s 80

T /-195/ / R? = 0.9992 | 70
3.0E+05
/ - 60
2.5E+05 546

' 482 / - 50
2.0E+05 / /

- 40

1.5E+05 / / 30
5.0E+04 - 10
00E+00 d.v.u T T T T T T T T T O

0 5 10 15 20 25 30 35 40 45 50

Concentration (ng/mL)
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| Cliguid(TM) Software for Routine Food Testing - Microsoft Internet Explorer

Cliquid{TiM}
Software for Routine Food Testing
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Cliquic{TH)
Software for Routine Food Testing
Welcome
Adrianna rore —— Juwn  Juogon

What would you like to do? Job List Sample List Reports

Selected Job: Azo-dyes {13 Samples) ﬂ

Run samples -]
) Status | Sample Name | Position = Time Completed Test Performed Move Delete
REIJIOCESS samples . blank 1 1202272006 11:47:43 AM | Azo-dyes - 13 azo-dyes ..
System suitability test e eee standard 1 2 1202202006 12:28:43 PM | Azo-dyes - 13 azo-dyes a
Setup ess gtandard & 3 1272272006 10943 PM | Azo-dyes - 13 azo-dyes .. a8
. ese | standard 10 | 4 12/22/2005 1:50:43 PM | Azo-dyes - 13 azo-dyes a
New project U] wo gtandard50 5 122202006 23143 PM | Azo-dyes - 13 azo-dyes .. a
Autosampler e wo standard 100 | B 1272202006 31243 PM | Azo-dyes - 13 azo-dyes a
User profile (-] ese | blank 1 12/22/2006 3:53:43 PM | Azo-dyes - 13 azo-dyes . [x]
e LD 7 12/22/2005 4:34:43 PM | Azo-dyes - 13 azo-dyes [x]
e U2 8 127222006 51543 PM | Azo-dyes - 13 azo-dyes .. a8
eee D3 ] 12/22/2006 5:56:43 PM | Azo-dyes - 13 azo-dyes .. [x]
e U4 10 127222006 63743 PM | Azo-dyes - 13 azo-dyes .. a8
e DS 11 12/22/2006 7:18:43 PM | Azo-dyes - 13 azo-dyes .. a
ses blank 1 12/22/2006 75243 PM | Azo-dyes - 13 azodyes . B [%]

Instrument Panel

.

Mass Spec Pump
m l arl I “I Ig u p Ecuiligrating Exquilibrsting
Sty | iive iew

Awtosampler Column Oven

42 Seconds Remaining Equilibrating Enquilibrating
Event Log
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Cliguid™ Software
for Food Testing u

Welcome

Adrianna e Juer oo |

What would you like to do? Job List Sample List Reports

Selected Job: Azo-dyes Foodlab 01234 (3 reports)
Run samples (-]

Status Report Report Name Report Style Move Delete
Reprocess samples . e 2006_06_14_170621_Azo-dye Report calibration curve (1 pe ﬂ
SyStem suitabiliiy test ° e 2006_06_14_170621_Azo-dye Report summary of unknown [x]
Setup e 2006_06_14_170621_Azo-dye Report unknown samples wit ﬂ
New project -]
Autosampler -]
User profile (]

Instrument Panel

Pumps
Equilibrating

Acquiring =

Autosampler

Column Oven
Current Sample: standard 1 Waiting

Waiting
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Example Reports based on *.dot
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A Cliquid(TM) Software for Routine Quantitation - Microsoft Internet Explorer

Cligquid{TI)
Software for Routine Quantitation

Tests [ome Jieo |

What would you like to do? Select compounds to include in the test
Create a test - . : " . . y
Modify a test Display compounds with: ® Positive polarity © Negative polarity
Reorder tests Available compounds Search: Your selections
Activate/Deactivate tests Compound Name Class CAS Compound Name
Delete tests Morphine opiate 57272 O | B-Acetylmorphine
[ Morphine-3-glucur. opiate 20290-09-9 [ | Cocaine
[ Morphine-B-glucur. opiate 20290-10-2 [0 | Codeine
Morphine-D3 opiate £7293-88-3 O | Heroin
O | Hydrocodone
[0 | Hydromorphone

Autesampler Column Oven

Standby Standby
Event Log

Cliquid™ Food & Beverage: > 500 Pesticides

30 April | pae | T skatoon 2008

Instrument Panel
Mass Spec Pump
T tandby
Live Wiew




AB B:osystems | /-; SCIEX

Automatic Library Searching — e T ™

Peak 5 QMGE3: 28617201 .1 amu Retention Time: 234 minutes Area counts: 127000 cos
Collizion Energy = 20 v Collizion Enegy = 00 v
-“ ] # i
Sl Sl
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- 2 -5-.1..- 2 ;.:u..'.
B § oo § oz e
= I i I ima w1
= ERE S e |y it
= | e - = ol ef
= i 'EZ" fo i =
;__ sus] S P Ty
[ [
5 ama i 2
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+ Das oo st | 4
o J ‘) I i I IA
=0 i =
Compound Namse Purity (%) Compourd Name Purity (%) Coom pound Name Purity (%)
1 Hydromomphons o1 Maorphine 258 Morphina a7.0
) Morghinz 806 Hydromomphone [ |
3 T-Amnocbonazspam 61.2
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LC/MS/MS Analysis of

APPLIC ATION HOTE Giyphosita

degradation products

Introduction
Glyphosets [Nphesphorcmatiyl
gyein is 1 broed.spactnum, non.
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b Appli 4
PR LR s | DS scIEX

Direct injection of water to analyze dissociated
organc-phosphorous pesticides and their

usadfor culthation. Glufosinate
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Very Polar Pesticides
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APPLICATION NOTE Parsquat and Diauat

Fast and Sensitive Analysis of Paraquat
and Diquat in Drinking Water

Overview
Thiz spplication ricts describes afazt reaut, Mhuvere nct suppressed
and seraitie LUMEMS methd for they reduce crop yiekds by up10 80%.

the determinsticn of Parsquat and Dicst Howaverboth Parguat and Disquat are

i dinking water, Using the Ulrs Cust
HPLE o e 2 D 2P
L

AP 2007 LOIMSIMS Syztem

12 retain by ztandardreveresd phase
HPLE. For drinking water the Urited
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o water, light and cther rurisres. Az s (POWA] detection Thiz method s time-

Direct injection of water samples to analyze:
Glyphosate, AMPA, Glyphosinate, MPPA
Dionex lonPac AG11 (50x2mm) column
Water, citric acid, triethylamine

APl 4000™ LC/MS/MS system
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Paraquat, Diquat

Restek Ultra Quat 50x2.1mm
Water/Acetonitril + HFBA

APl 3200™ LC/MS/MS system
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Conclusion

LC/MS/MS: ideal technology for multi targeted screening of pesticides
in food, water and environmental samples

2 Multiple Reaction Monitoring transitions at correct retention time
are typically used to quantify and confirm

APl 3200™ / 3200 Q TRAP® LC/MS/MS systems give sufficient
sensitivity to analyze food at 10ppb levels

Higher sensitivity (allows direct injections of water samples and
dilution of extracts to reduce matrix effects)

Cliquid™ Software makes LC/MS/MS easy to use (automatic report
generation and MRM catalogue of > 500 pesticides)

Scheduled MRM to detect more MRM transitions per time
Enhanced Product lon scan with higher degree of confirmation
LC/MS/MS analysis of very polar compounds with special columns
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