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General Trend in Trace Analysis:
from SIM (MS) to MRM (QqQ)
Application: pesticides in food

Driven by EU regulation and SANCO guidelines:
— Baby food: 10 pg/kg

— SANCO: scan or 4 ions or 2 transitions (for
confirmation)

GC/
GC/
GC/

| C-SCAN-MS: sensitivity?
 C-SIM-MS: interference on 1 or more ions

| C-MS/MS in MRM mode
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Dynamic MRM of 300 Pesticides - 2 Transitions Each
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GC with high resolution TOF
(Agilent 7200 GC/Q-TOF)

Accurate mass: high selectivity
High sensitivity (10 x MSD)
“Scan” mode: identification

“EIC” at accurate mass:
quantification

+ “retrospective” analysis
(“open” methods)
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Analysis by GC-MSD (5975C) - SCAN
10 pg on-column - EIC (262.8)

Abundance

lon 262.80 (262.50 to 263.50): sqtest-14.D\data.ms
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Analysis by GC-QTOF (7200)
10 pg on-column - EIC (262.8564)

+ EIC(262.85640) Scan pesticide_mix_spless_100.d
x102 [Noise (PeakToPeak) = 75.00; SNR (18.530min) = 1474
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Pesticides in food (“Known knowns”):
target compound analysis
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Pesticide in food (“Unknown knowns”)

after target compound analysis:
are there other (non-target) pesticides?
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19 B354 g5

‘|,
0| 0.342
' 1625 8.681 8.839 9.756 10.365
| 9436 : 11,051
N A 6§1§ 1913 J 143 ) 1811 8239 A LA 9004 9216 A 980 N 10811 1111

x103 TEIEIC(218.9111) Scan Pest TOF_01.0
8 8.861

“WH o EIC at +/- 20 ppm

Z o L s

64 66 68 7 72 74 76 78 8 82 84 86 88 9 92 94 96 98 10 102 104 106 108 11
Counts vs. Acquisition Time (min)
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Why Q-TOF?

1. Extra Selectivity
2. Structural Elucidation (Product lon Spectra)
With Accurate Mass and Hi R

Precursor 1 (M*) - All Fragment Product lons
Precursor 2 (Fragment 1*) - Product lons

Precursor-Product lon Relationship Is Documented
And lon Molecular Formula Confirmed by Accurate Mass

Requires multiple analyses and much more sensitive than NMR
Will not replace NMR, But Will Complement Nicely

Research Institute
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MS/MS accurate mass EIC

10 pg sample —EIC m/z = 262.8564

Full scan MS

High resolution/accurate mass

EIC +0.5 Da x10é Matrix 103 X analyte
+/-1900 ppm *
7 *17.948
6
5
4,
3
2
gl \ 4
EIC £20 ppm [ o .
2 dieldrin endrin
1:6—
1.4
1.2
14 *17.941

0.8+
0.6+
0.4+
0.2+

0

176 177 178 179 ‘ 181 182 183 184 185 186

MS/MS
High resolution/accurate mass

EIC of product ion
263>192.9150 +/-20 ppm

dieldrin

176 177 178 179 18 181 182 183 184 1

Resolution and accurate mass are insufficient — MS/MS solves the problem
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MS/MS to Confirm Most Likely Structure
Kava Extract - Compound “B”, C;.H,,0,
(Rings + Double Bonds = 10)

El Full Scan

X105 Scan (32.684-32692, 32.733-32.774 min, B scans) Frag=175.0v Kava0004.d Subtiact

193.0434
15326
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Counts vs. Mass-to-Charge (m/2)
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MS/MS to Confirm Most Likely Structure

Kava Extract - Compound “B”, C;.H,,0,

(Rings + Double Bonds = 10)

El Full Scan

60 80 100 120 140 1

Scan (32684-32692, 32.733-32.774 min, B scans) Frag=175.0V Kava0004.d Subtract
LS
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(M = H)+ structures
o
2 6 9 . O 8 O 2 O:‘J\/\‘
2?9733?2 <O 0 o O
<]
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< o
Sre ° ]
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HO
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ol PN Y I | }L
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| CH=CH-C¢H;
CH,=CH-CH
-CO C
-CO

~CH,

Counts vs. Mass-to-Charge (m/2)

180 200 220 240 260 2680 300 320 340 350 380 400 420 440 460 480 500 520 540 560 580 600

MS/MS experimental
measurements
m/z Formula | Error | Score
(experimental (ppm)
)
269.0802 Ci6H130, 2.2 80.7
193.0494 C1oHoO, 0.6 96.7
167.0334 CgH,0, 3.0 N/A
166.0259 CgHgO, 0.6 N/A
138.0310 C,;H¢O4 1.1 98.1
110.0359 CsHgO, 3.0 N/A
95.0127 CsH;0, 0.9 99.5
AP R h Institut
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MS/MS to Confirm Most Likely Structure
Kava Extract - Compound “B”, C;.H,,0,
(Rings + Double Bonds = 10)

El Full Scan

MS/MS experimental

X105 Scan (32684-32692, 32.733-32.774 min, B scans) Frag=175.0V Kava0004.d Subtract
22/ L . measurements
] ik Candidate
94
gg: (|\/| = H)+ structures m/z Formula | Error | Score
o 269.0802 <o <expe”)menta' (ppm)
23] 2590000 . . -H
2 269.0802 CHi:0, | 2.2 80.7
24
o 193.0494 C,H.0, | 0.6 96.7
1.74
L 167.0334 CgH-O, 3.0 N/A
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Counts vs. Mass-to-Charge (m/2)
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MS/MS to Confirm Most Likely Structure
Kava Extract - Compound “B”, C;.H,,0,
(Rings + Double Bonds = 10)

El Full Scan MS/MS experimental
xlzz Scan (32684-32692, 32.73?-83;.0747;mm, 8 scans) Frag=175.0v Kava0004.d Subtract m easu re me ntS

ha) 15326 N
314
9 Ctan d;date m/z Formula | Error Score
A Sstructures i
26, (I\/I | H)+ 0 (experl)mental (ppm)
- 269.0802 ’\)p‘
g;: 290802 <O 0 o O —H 269.0802 C16H13O4 2.2 80.7
224 o
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24 ? - C H 193.0494 C10H904 0.6 96-7
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~co(_
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g (380319 | cH:O,
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Counts vs. Mass-to-Charge (m/2)
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MS/MS to Confirm Most Likely Structure

Mass at 138 is consistent with:
loss of COCH=CH-C.H (131.04969) from 269.08020
or
loss of C,H,CH=CH-C.H. (131.086075) from 269.08020.

However, measured value of 269.0802 - 138.0310 =
131.04920 is consistent only with COCH=CH- C.H..

? RI C Research Institute

for Chromatography



Confirm Most Likely Structure

El Full Scan

Scan (32684-32692, 32.733-32.774 min, B scans) Frag=175.0V Kava0004.d Subtract
193.0434
15326
(M — H)*
269.0802
17004
950127
10743
138.0310
12046
4 77.0385
9998 166.0259
12047
ol PN Y I | JL
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Counts vs. Mass-to-Charge (m/2)
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For the 5 candidate structures, only one fit the losses identified by CID
experiments on multiple precursor ions

MS/MS experimental
measurements
m/z Formula | Error | Score
(experimental (ppm)
)
269.0802 C,6H130 2.2 80.7
4
193.0494 C,0Hs0, 0.6 96.7
167.0334 CgH-,0O, 3.0 N/A
166.0259 CgHgO, 0.6 N/A
138.0310 C,HsO4 11 98.1
110.0359 CeHgO, 3.0 N/A
95.0127 CsH;0, 0.9 99.5
AV R h Institut
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Analysis of Petrochemical Biomarkers

* Biomarkers: more stable against weathering

* |Include: (heterocyclic) PAHs, hopanes,
steranes (can be > 100 analytes)

* Analysed for oil characterization, oil spillage
identification,...
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Analysis of Biomarkers in Crude Oil
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Analysis of Biomarkers in Crude Oil

=
o
=2

+ESI EIC(184.0341) Scan Frag=180.0V crude_oil_spless_DG_08.d

Y EIC184 dibenzothiophene

1 Mass extraction window:
s +/-0.5amu

241 Interferences

2 Equivalent to MSD /

0'3: | N UMMWMMMMW

5 6 7 8 9 10 11 12 13 14 15 1‘6 1‘7 1‘8 19 20 21 2 23 24 25 26 27 28 29
Counts vs. Acquisition Time (min)
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x106

4.2+

384
3.6
344
321

@

2.8
2.6+
24
2.2+

1.8+
1.6
1.4+
1.2+

0.8
0.6
0.4+
0.2

Analysis of Biomarkers in Crude Oil

+ESI EIC(184.0341) Scan Frag=180.0V crude_oil_spless_DG_08.d

EIC 184.0341

Mass extraction window:
+/-5 ppm

B

AR AAMANA

dibenzothiophene

55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22 225 23 235 24 245 25 255 26 265 27 275 28 285 2
Counts vs. Acquisition Time (min)
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Analysis of DBT — Mass Accuracy (in matrix)

x106

2.7
2.6+
2.5+
24+
2.3
2.2+
2.1+

1.94
1.84
174
1.6+
1.54
144
1.34
1.24
114

14
0.9
0.8
0.74
0.6
0.5
0.4+
0.3+
0.2
0.14

+ES| Scan (16.311-16.350 min, 13 Scans) Frag=180.0V crude_oil_spless_DG_08.d Subtract

184.0338

Mass error in matrix: - 1.63 ppm
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43.0537

71.0851

79.0088

Wi
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4.5
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2.75+
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154
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0.75+

DBT, mono- and dimethyl DBTs

+ESI EIC(212.0654) Scan Frag=180.0V crude_oil_spless.d

184.0341

198.0498

212.0645

15

55 16 165

Counts vs. Acquisition Time (min)
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Hopanes
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Analysis of Hopanes in Crude Oil

X106 4ESI EIC(191.0000) Scan Frag=180.0V crude ol spless.d | — Interferences hopanes
\
;191 +/-0.5

0= A ~ |

%108 [+ESIEIC(191.1794) Scan Frag=180.0V crude_oil_spless.d h o p anes

1 I 1

0.84

| 191.1794 +/- 10 ppm

044

0.2

8 9 0 n 2 1% 4 B 1% 17 18 19 Zb 22 B A 5 6 27 B ¥ ¥ N RN 0B
Counts vs. Acquisition Time (min)
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Analysis of Steranes in Crude Oil

x105

1,
0.95-
0.9
0.85-
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15+
0.1
0.05-
0,

+ESI EIC(217.1951) Scan Frag=180.0V crude_oil_spless_DG_08.d Smooth

EIC 217.1951

x10 4
2.4

2.2+

1.8+
1.6+
1.4+

1.2+

0.8+
0.6
0.4

0.2+

+ESI EIC(400.4064) Scan Frag=180.0V crude_oil_spless_DG_08.d Smooth

21 22

EIC 400.4064 29

2
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4 B
B T A " A

24 26
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Counts vs. Acquisition Time (min)
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//upload.wikimedia.org/wikipedia/commons/2/21/Steroid-nomenclature.svg

Steranes in Crude Oil by GC-Q-TOF - MS/MS mode

x104 +ESI EIC(400.4064) Scan Frag=180.0V crude_oil_spless_DG_08.d Smooth

2
1.94
1.8+
1.74

o MS: EIC 400.4064

1.4
1.3
1.2
1.1

14
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0-

x10 3 |+ESI EIC(217.1951) MS(all) Frag=180.0V crude_oil_MSMS400_spless_DG_01.d Smooth

2.6+

e MS/MS: 400 > 217.1951

2
1.8
1.6
1.4
1.2

1]
0.8
0.6
0.4
0.2

0-

257 258 259 26 261 262 263 264 265 266 267 268 269 27 271 272 273 274 275 276 277 278 279 28
Counts vs. Acquisition Time (min)
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GC-MS in
Natural Product Characterization

. . > MW
Apolar C10-C40 fraction Apolar > C40 fraction
Generic GC-EI-MS LC-MS
Alkanes, alcohols... HTGC-MS
El: strong fragmentation |Low beta column, high flow
Polar fraction (amino acids, Starch, proteins,
sugars, acids,...) oligosaccharides
Derivatization GC-MS LC-MS (CE)

Yy Strong fragmentation

Polarity




GC combined with APCI and (LC) TOF
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GC-APCI-TOF: detection & identification of
4,8,13-duvatriene-1,3-diol (C,,H;,0,, MW= 306)

Abundance
10000000 TIC: GCMSDAPCITOF_03.D\data.ms
9000000
8000000}
7000000;
6000000
5000000 v
40000007
3000000;
2000000 m J\
ol L L
Time-->0 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00
o N 5 (APC) Scan (1011 min) Frag=75.0V GCMSDAPCITOF 03¢
— a1 San1FHI01HNiIn: GMVEDYOTO- BDcHans )(10
“““ T8 2040
1118 3 [M+H_HZO]+
- El | APCI T
""" 1
""" i {508
PO L

o vo®o®Powomowomom®w M 0 Wwwm o020 M40 08 300 A 460 i
7 , ouns s, Mss4u-Charge

for Chromatography
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HTGC-MS using APCI-MS

15 m x 0.53 mm ID x 0.15 pm ~™™
HP-SIMDIST

1 IJ,L COC 5e+07

4.5e+07

10 mL/min helium 4es07

3.5e+07

40°C (1 min) — 20°C/min — 30107
350°C (7 min) 25007

2e+07

MS range: 40 — 800 156407

le+07

5000000

Time-->

nicotine

l

| b e

27?

sterols

l

T

4.00 600 800 1000 1200 1400 1600 1800

z‘,‘ R I C Researchy nstitute

for Chromatography



x10°°

3.5+

Mass Spectrum of Solanesol by APCI

+APCI Scan (14.697 min) Frag=175.0V GCAPCIHT04.d Subtract

03.0734 143.1121 2111771 279.2423

347.3088 415.3746

[M+H-H20]*

4834403 5315139

*613.5980

[M+H20]*

* 648.6334

||| | so26a01

Counts vs. Mass-to-Charge (m/z)

AVa

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700

Rl C Researchystitute
for Chromatography



UHPLW 6540 Q-TOF with Jetstream ESI

8:00 minuTes

=




Analysis of Egg extract by LC-ESI-QTOF (+)
(spiked antibiotics, mycotoxins)

x10 6 +ESI TIC Scan Frag=150.0V Spike2.d

1
5.6

5.4
5.2
5,
4.8
4.6
4.4
4.2
4
3.8
3.6
3.4
3.2
3,
2.8
2.6
2.4
2.2
24
1.8
1.6
1.4
1.2
1,
0.8
0.6

oo [
0.2

0-

-

11

12 13 14 15
Counts vs. Acquisition Time (min)
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Feature extraction — Positive mode

x10 & Cpd 1: 0.705: +ESI ECC Scan Frag=150.0V Spike2.d

1:: 640 features detected within 1% of main peak
1.8+

1.3+ H
1.2+

1.1

14

0.9 \ l‘

0.8+
0.7+
0.6+

0.5+

0.4+

0.3+

I
| MLULJI B I VY W ”J' ’ b AL . 2 LM Mﬂa&

1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20
Counts vs. Acquisition Time (min)
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Differential analysis (3 x control — 3 x spike)

x108 +ESI TIC Scan Frag=150.0V Control1.d
1

Control 1

x10 6 +ESI TIC Scan Frag=150.0V Control2.d
1

x10 6 +ESI TIC Scan Frag=150.0V Control3.d
1

x10 8 +ESI TIC Scan Frag=150.0V Spike1.d
1

Control 2

Control 3

Spike 1

x10 6 +ESI TIC Scan Frag=150.0V Spike2.d
1

x10 6 +ESI TIC Scan Frag=150.0V Spike3.d
1

Spike 2

Spike 3

T
1"

12 13 14 15
Counts vs. Acquisition Time (min)

16

20

2

23 24 25 26

.
I
N
I
N

AV

% RIC
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Differential analysis — Positive mode

+ESI TIC Scan Frag=150.0V Spike2.d

Control 2

Spike 2

34

36 38

4

42 44

5.4

56 58

6

62 64 66 68

Counts vs. Acquisition Time (min)

7

72 74

76 78

8

8.2

84 86 88 O

AV

% RIC

92 94 96 98
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Peak 1 - ID — Molecular Formula Generation

Formula Score ¥ Score (RT) RT Diff it (ppm) Score (Lib) Score (DB)  Score (MFG)  Num Spectra Netes

e fed C10 H10 N4 K
B MFG CEHI4065 9.5 =51 1.5
B [C MFG CI0HIZ0 53 8. 213 8.3
B C MFG C18 HE N2 s 42 ns
B O MFG CEHID M4 07 6605 1092 6605
B MFG CTHI4N4 0252 | 6237 1294 6237
8 ° MFG CEHISCINS O3 | 4634 163 46.54
[N MFG CI7TH4S a2 485 4172
B C MFG CI3H14 08 15 5.05 415
[0 MFG CIHIDMNG O3 40 -5.69 40

C10H10 N4 O2 5 +ES] Sean (3050-3.111 min, 12 Scans) Frags150.0V Spika2 d o
Charge: casier to be assumed § not known 954 251.0598
L — 1

MS ion electron state: [mm "I 854

Blemants and lmits 8

0o oo W

254 2720476

054 286.1158
n

. . ) L
248 249 280 251 262 253 254 255 25 257 298 259 260 261 262 263 264 265 266 267 268 269 270 2 V2 293 274 205 276 217 218 219 280
Counts vs. Mass-to-Charge (miz)

1

for Chromatography

4‘," RIC Research Institute




Peak 1

ID — Database Search

| Sulfapyrazine

c T — > Sulfadiazine in Lib

3 compounds associated with same formula
MS measurement not sufficient for identification

Database path:
C\Users\admin\Deskiop \Masshurter Software\GE A [ |

Sulfadiazine: +ESI Scan (3.050-3.111 min, 12 Scans) Fvn-lSOOVSaleZd 2

251.05%8
H—F )-

2730416

E
| I 2561158

L

248 249 250 vmm&&mmmm:@mmm&m:«mz@mmmmmmmmmmmm_
Counts vs, <

4‘," RIC Research Institute
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Peak 1 - ID — MS/MS

x102

0.8+
0.6
0.4+

0.2

x102
1.254

0.75+

0.8+

0.6

0.4

0.2

+ESI Product lon (3.087 min) Frag=150.0V CID@20.0 (251.0596[z=1] -> **) SpikeMSMS2_CE20.d
1080441 Measured MS/MS spectrum
156.0107
185.0824
| I, 172.9357 2510595
+ESI Product lon (3.087 min) Frag=150.0V CID@20.0 (251.0596[z=1] -> **) SpikeMSMS2_CE20.d
108.0441
156.0107
\ . 1729357 185:0824 2510595
\ 4 : °
Sulfadiazine C10H10N402S + Product lon Frag=150.0V CID@20.0 ForensicsTox_AM_PCDL.cdb
2 0495 - Library MS/MS spectrum Sulfadiazine
156.0114
96.0556
65.0386 80.0495 185-?822 251.0597
v v I
65 70 75 8 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255

Counts vs. Mass-to-Charge (m/z)
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Peak 1 - ID — Molecular Structure Correlator
(MSC)

Compound formula

M = 250.0523; 1 formula candidates from MFG

Compound formula: C10H10N402S

Structure Search

; %

les/Total:

Taut

Cther Agilent PCD/PCDL - m

Suffadiazine
1
Standard InChlKey:
2 SEEPANYCNGTZFQ-

UHFFFAQYSA-N

N NHZ Score:

81.80
— a

.
ChemSpider: 5026
PubChem:  £8-35-3

ID Formula lsomers. Gps dMippm)  dMippm)l
] [
Fragment formulas for C10HT10N402S
m/z intensity formula dM{ppm)
[ 9612 CEHEND 18]
2 108.0442 3016.12 C4H4N4 -10.7]
3 1080442 9016.12 CHEN4S 205
4 108.0442 3016.12 C3H10NOS 330
L) 156.0109 7093.16 CEHENO2S 30
6 156.0109 7093.16 C4H4N40S 56
7 156.0109 7093.16 CHHZNO2 -186
8 185.0826 77274 C10HIN4 23

2
Standard InChlKey:

YEAICDDXRUOCKJ-
UHFFFADYSA-N

“/

Compatibility Score:
63.64

ChemSpider: 8008
PubChem:  116-44-9

NHZ

Sulfadiazine high scoring
Sulfapyrazine lower scoring
Pyrinidazole does not match at

Fragments of structure #1 — elucidated: 75.0% ions , 100.0% Weight Do
Mass Wensty  Weight(%) No.of, Bt &
1 ns0a2|  sieR2 97 3 189
= 1560109 709316 593 2 978
y 3 185.0826 7274 20 i
Penalty=8.5 dM=159ppm Score=57.8 0f1

C7HT4N4S-H

NH=— 5 NH2

Research Institute
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Quantitative analysis (+ mode) of
Mycotoxin (fumonisin B1)

EIC (722.3970) Scan 20120922_Spiked sample 1_1000.d Smooth

x10 2
164 6.222 min.

+
%)
2
c
=1
e}
]

1.5
14- 1 ppb
- 1 pg on-column

1.2+
1.1
14
0.9+
0.8+
0.7+
0.6
0.5
0.4+
0.3+
0.2+
0.1+
0

-0.1+

53 54 55 56 57 58 59 6 61 62 63 64 65 66 67 68 69 7 71
Acquisition Time (min)

A," RIC Research Institute
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Quantitative analysis (+ mode) of
Mycotoxin (fumonisin B1)

FB1 - 10 Levels, 8 Levels Used, 10 Points, 8 Points Used, 18 QCs

x10 47 y =782646.803247 * x - 114.659701
R"2 =0.99166109
| Type:Linear, Origin:Ignore, Weight:1/x

Responses

1/10

~
N o
| |

o
o

Linearity from 1/2500 - 1/10 (400 ppt — 100 ppb)

N w A o
N W~ g O
| | | | I I | | |

0.09 0.1
Concentration (x)

for Chromatography
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Case Study: the fate of a hormone
(ethinylestradiol) upon chlorination (water

treatment)
Non-doped extract (3*) Doped extract (3*)
LC-Q-TOF-MS

HO |
\ Feature extraction

Differential analysis

List of differential features

v

Formula generation



http://upload.wikimedia.org/wikipedia/commons/8/8d/Ethinylestradiol-2D-skeletal.png

Un-targeted data processing

» Extract all features (m/z-retention time pairs) out of
the raw data = data matrix (tR, m/z, intensity)
e Statistical analysis

o Multivariate analysis (PCA, PLS-DA ...)
(Mass Profiler Professional)

* |dentification of down- or up-regulated features

PC2
N

Metab 1

Metab 5
Metab 6

Research Institute
for Chromatography
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Water Sample Profiling by LC-QTOF
TIC

107 |- TIC Scan 100323_estrait dope_Ad
241 I"-
af
1.5+ ) { : 7

Extrait dopé A

w107 |- TIC Scan 100323 _estrait dope_B.d

24 M"\ Extrait dopé B
K I
N / 4\ NS P I f wavr@/ﬁﬁww \/U\\m

107 [-TIC Scan 100329_ et dope_C.d Extrait dopé C

24
1.5

05+

(107 | TIE Scon 100523 ok cope Extrait non dopé A

1.5+

054

::10;_ :ITICSm1m_Mrﬂmnm_Bd EXtralt non dopé B1

1.5+

05+

05 1 15 2 25 3 35 4 45 5 55 & &5 7 75 & 85 9 45 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 145
Counts vs. Acquison Time [ir)
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Water Sample Profiling by LC-QTOF
Data interpretation by Molecular Feature Extraction (MFE)

Mass vs. Retention Time
1400—:
1200 1
| i -2 4 . P
. 1000 § ' : et R , H
] 12 U M ¢ . .. . & M
e800:' * — '&O§.-'5!..;- . v, Os'?. ¢ Rl
_ G .‘h. ol "n . .. . .
£ : [} o’ '%': égl' .ﬁef Eij.. . ' '. .: i
2 600— § . & :-c:;: :':' ."-%' - .'o. '." o.'
] ' L] ¢ gy ... . ¥ a .
182 . o, : o ¥ vita 9 : e 0
] s S e N ﬁ.ﬁ-w ﬁ:n:':, ' . o . '
00 1 R LT ) ke O R '
14 ! % .ﬁ'.ﬂ '.'..' l... .q'u?::.' ..b.l i ’
200 ] ;,; % . . .n,o % ﬁ-% . .m . .0 -2 ',
1 lE [ ] '] ]
9 10 19
Retention Time (min)




Water Sample Profiling by LC-QTOF
Sample Comparison

82 Features present only in Dope
1000 -

900 -
800 -
700 -

(a3
—
>
NPT B

Mass (Da)
o
>
=
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Formula generation
m/z 466.98653 - settings: C (3-60), H (0-120), O (0-30),
N (0-5), S (0-5), Cl (0-5), Br (0-5)

(ﬂ MS Formula Resultz: - Scan [9. 247 min]

lon Farmula Abundance

=-| bk
Best Formula [k] lon Formula Score Crogs Score Calc msz Diff [pprn) faze Match Abund Match Spacing katch
+ C20H22 Brz 03 CZ20H21 Br2 03 95.67 4EE. 98629 0.2 99.95 386 3618
+ [ C12ZHZEBIZMNZ..[ C1ZH2Z5Br2M20.. 929 4EE. 98564 -1.44 97.89 79.62 98.88
+ [ C18H23BrCIZ.. Cl8H2zZBrCi20.. 88.73 4EE. 98556 2.3 S4.66 71.54 97.49
+ [ C14 H23 Br CIZ... Cl4 H2Z BrCl2 08 81.57 4E6.98806 318 90.24 54.78 96.35
+ [ C15HZ27 BrCIZ.. C15HZEBrCi20.. 80.72 4E6.98893 4.71 79.61 E7.8 98.45
+ [ C15H21 CIS M2 [ C15HZ0CI5 M2 04 80.38 4EE.98712 -0.02 100 3317 97.79
+ ™ C17H2ZE B2 03.. C17H25E2035 77.79 4EF. 98966 7.2z R85 93.74 97.23
+ ™ CIEH2EBIZ N2 CIEH25BIZM2 52 77.08 4E6.98314 -6.91 E1.17 85.11 9912
+ ™ C15H23 B2 Cl.. C15H2ZBr2 CIM... 76 4E6.98544 21 95.58 24.18 99.06
+ ™ C13H20CI4 M4..[ C13H19C4 M4 0. 75.25 4E6. 985866 313 90.07 30.4 99.42
+ ™ C15H139Br CIZ.. C15HI8BrCI2 M... 73.97 46F.9834 5.95 £3.43 £0.44 93.18
+ ™ C16EH2Z Br CIM... C16H21 Br CINZ.. 7362 466.9871 1.08 95.8 10.28 99.27
+ ™ CSHI9CI3ME2.| CIHIS8CIAMZO13 73.02 466.9588 217 95.28 14.76 958.44
+ ™ C16EH1ECI4 M4..[ C1EH15Cl4 M4 04 7261 4E6.98529 -3.83 86.01 28.39 98.86
+ ™ C22H11 CI3MA.[ C2ZH10CI3M4 02 7213 4EE.98748 1.2 98.49 E.13 98.61
+ ™ CZ2H19CI30.. C22H18CI30 52 7211 4E6.98701 -0.1 99.99 4.2 97.87
+ ™ CleEH24 Cl4 03 C1EHZ23ClI40352 71.81 4EF.98482 -5.04 7E.98 41.37 98.01
+ ™ C21 H15CI3 06 C21 H14 CI3 06 71.74 4E6.98614 -1.57 97.51 8.13 96.54
+ [ CITHIBCIZH4.[ CITHIFCIZMN4 0. 71.73 4E6.98703 -0.18 99.97 1.36 99.69
+ [ C12HZ22CIZH4.[ CI1ZHZ1Cl2ZM4 0. 715 4EF.9879 1.19 98.57 3.37 939.11
+ [ C15H18BrCIN... C15H17 BrCINZ. 71.39 4E6.98623 -0.33 99.89 1.78 97.93
+ [ C18H1EM205. C18H15M20554 71.35 4E6.98693 0.09 99.99 u] 99.7
+ [ C21 H13CIM4. C21H12CIN4 O 71.23 4E6.98E672 -0.47 99.78 u] 99.62
+ O CI4H23CI3NZ.[ Cl4HZ2CI3M20. 70.92 4E6.98636 -1.89 9E.4 4.78 99.31
+ O CZEH13BrMZ.| C25HIZBIN205 70.87 4E6.98592 013 99.96 u] 977
+ [ C20HSCIMN4 Q.| C20HBCIN4OBS 70.79 4E(.98586 -0.97 99.04 u] 99.24
+ [ Cl2H21 Brot12. Cl2H20Br0125 0.4 4E6.98643 088 95.2 u] 97.28
+ O C2AAHIECH4 NZ.[ C21 H15C4 N2 02 v0.32 4E6.985931 489 78.19 34.42 9765
+ O Cl4 H28 Br2 Cl.. C14 H27 Br2 CI2... 70.06 4E6.98727 1.57 597.49 0.97 98.09

el s
o W

o %
oY o ¥ ol
v.‘:;a\“\\\.\e°ge w5

>3-
2 a8
TN o S5 V“d .
et Ce OF e og
" ,,\c‘.‘ o

‘..’
R |

Pho,
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Formula generation
m/z 466.98653 - settings: C (3-60), H (0-120), O (0-30),
N (0-5), S (0-5), Cl (0-5), Br (0-5)

(’g M5 Formula Results: - Scan[9.247 min)

b Fombp)  lofomk $mf 0 Gt oy tu:m Enurm Hml-l#h ﬂmum Spachy Mich
i I:HWWN I:MHHE'-III:IE EIH

]+ ] Vel 8 |'r'| [ LN G P T~ . 7 | I [ [ | i g | T Ed a7 it
|:| CIEH2EBr2 M2..| CIEH25Br2ZNZ252 77.05 46698314 £.91 E1.17 8511 9912
|:| C15HZ3 Br2 Cl.. C15HZZBr2 CIM.. 76 466 98544 21 95.58 2418 99.06
|:| C13H20C M4..| C13HI19CH N4 0. 75.25 466 98866 319 90.07 0.4 99.42
|:| C16 H: 99.27
==+ C20H22Br203
L] C1EH 98.86

1 [ ]
0 [=r Score: 98.67 (>> 92.9 for 2nd)
L] c22t 97.87
|:| CI16H; 'ff o 0 2 93.01
=t Diff (ppm): 1
|:| CI11H 9969
- e Mass match: 99.95
[ 97.93
O C15H b d h 98 6 997
— A und matc
|:| Cl4 H; . 993
[ ]
0 [ = Spacing match: 96.18
|:| Cz20H 99.24
|:| Cl12H21 BrO12. C12H20Br 0125 T0.4 466.99643 0.as 99.2 u} q7.20
|:| C2A HIGCI4 H2..| C21H15CH4 N2 02 7032 466,939 4.89 7319 34.42 97 65
|:| C14 H28 Br2 CI... C14 H27 Br2 CI2.. F0.06 46693727 1.57 97.49 0.97 98.09

z‘" RlC Research Institute
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Mass

848,0886
380,0955
424,0458
451,9996
449,9841
408,0503
406,0345
484,0653

424,0458

440,1165
362,0852
528,0143
406,0343
390,0849
424,045
538,0367
460,0206
581,9857
403,0794
380,0957
390,0843
501,9539
458,0056
380,0962
374,089
424,0452
503,97
467,01
414,0564

Formula generation for all features

Retention
Time

9,016
8,824
9,026
11,171
10,926
10,818
10,568
9,018

7,164

8,825
10,364
9,235
10,676
6,729
8,648
9,017
9,018
9,232
8,41
8,464
7,897
10,15
10,044
7,023
9,911
7,281
9,234
7,957
9,763

Abundance

16087590
14349780

Formula

C40H44Br2Cl206
C20H22CI203

Mass

312,173
364,1003
534,0007

Retention
Time
6,364

10,609
11,17

Abundance

567390
543875
542713

467.9935 = C20H22Br203 (3 x ???)

2884004
1657978
1646482

1424033

1145927
1124280
1047905
1017551
1011866
1004305
995718
993316
918908
902334
874822
854135
792275
776216
772586
764030
738988
727172
679208
593193

C20H22BrClO2
C20H20BrClO2
C22H26BrCIO5

C20H22BrCIO3

C22H26CI205
C20H20CI202
C22H26Br205
C20H20BrClO2
C20H23Br0O3
C20H22BrCIO3
C19H24BrCIN209
C20H23BrCI203
C19H24Br2N209
C20H22BrNO3
C20H22CI203
C20H23BrO3
C20H21Br2ClO3
C20H21BrCI203
C20H22CI203
C20H23Br0O2
C20H22BrCIlO3
C20H23Br2Cl03
C20H23Br2N0O2
C20H21CI303

545,9054
338,2126
423,0607
531,9744
494,0875
266,2916
144,115
346,1352
490,0518
374,0888
585,957
501,9518
359,1295
446,1549
310,3298
372,0728
544,0087
315,1395
346,1347
402,3099
330,1391
522,1083
450,1047
240,1359
406,1559

10,333
12,201
7,601
10,925
8,823
10,331
7,948
6,486
10,819
9,469
10,923
10,026
8,342
10,572
10,568
9,69
9,393
8,343
7,629
7,916
9,658

455787
417926
375988
364172
351181
350051
340101
328292
326672
314224
277448
276945
273291
260336
250356
245611
244247
228329
226145
217614
203717

C20H2403
C20H22CI202
C19H24Br2N206
C20H22BrCIO3
C20H21BrCI203
C20H23CI303
C20H21Br303
C16H3405S
C20H23BrCINO2
C20H22Br207
C19H24CI2N209
C12H2604S
C8H1602
C20H23CIO3
C19H24BrCIN206
C20H23Br0O2
C21H20Br2N208
C15H21Br2CIN205
C20H22CINO3
C18H26N2011
C14H2905S
C20H21BrO2
C22H26Br206
C19H22CINO
C20H23CIO3
C21H42N205
C20H23Cl02
31BrO10

ethinylestradiol <o

7,716

111636

\H2004
C22H27CIO5




3 isomers of C,,H,,Br,0,
—> Role of Q-TOF (MS/MS)

4105 - Product lon (3.272 min) (466.38647(2=1] > ™) 100401 _extrai screening dope_MSMS2.d
,] 781882

RT: 9.272 min

1.54

14 468.98277

0.5 27884681 .‘
‘. Il

u_ . 5 W il
#1035 - Product lon (9.985 min) (466.38647(z=1] -» ™) 100407 _extrait screening dope_MSMS2.d
14 450.97254

08- RT: 8.985 min

0.64 468.95170

0. 78.9183 ‘ ‘
0 l : . . . w . i

%109 |- Product lon (7.433 min) (466.38647(z=1] -» ™) 100401 _extrait screening dope_MSMS2.d

450,973
084 RT: 7.499 min

06+ 468 93346

0.4
0] 7Edie ‘ ,‘
0 Iy IIJ ‘. I

T R T T TR TR ) R R R T T R . R -

Counts vs. Mazz-to-Charge [m/z)

A," RIC Research Institute
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GC and LC - QTOF

Full spectral data capture at high resolution, high mass
accuracy, high sensitivity and high speed

|deal for untargeted screening

Identification tool due to its mass accuracy, accurate read-
out of isotopic information and MS/MS capabilities

Quantification tool via MS or MS/MS (MRM mimic) with
selectivity offered by mass accuracy and MS/MS filtering

Q-TOF MassHunter software equipped with powerful data
mining and analysis tools and complemented with packages
such as Mass Profiler (Pro) to detect differences in an
untargeted manner and databases/libraries (Toxicology, Pesticide
and Metlin) for identification

 RIC



The (GC/LC) MS compromise triangle

Sensitivity

Mass Accuracy Selectivity

(ID)

(Resolution)
Robustness

? R I C ]Ic%esearch Institute
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“Scan” versus “SIM” (MRM)

S/N

QQQ

sQ (SIM)

n’(solutes)
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