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Historical Perspective

Food safety has become a very big concern
— Examination of food products for disease

— Caused by organisms, chemical residues, and other hazardous material

Increased food production world wide with increasing population
Increasing import/exportation of food

Exploitation of food production

Drastic reductions in farmland /resources

Regulatory agencies world wide establish guidelines for food safety,

within and outside a given country the restrictions vary
- Globalization of the food supply

- Globalization of food safety

- Problems and solutions no longer confined within the boundaries of a single
country



Food Safety Testing

Big business with exponential growth
Leading growth market
Atfect any and all countries

Testing for many not just one
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Food Testing: Segmentation Description

1. Nutrition: This segment includes tests that are driven by regulations for what is placed
on the food product label. This includes Functional foods( =health Foods) which are
required to have scientific data to back up what is claimed on the label.

2. Safety: These are tests that are performed to comply with regulations concerning food
safety or tests performed to prevent an expensive brand damaging recall due to unsafe
food product.

3. Identity/Traceability: This is a rapidly changing and/or still developing segment..
GMO is the most established application within this segment, whereas speciation is
emerging for example for basmati rice, fish and meat. Also geographic origin tests are
part of this segment.

4. Quality: This segment includes: raw ingredient testing, process testing, final product
quality testing, & compositional control. Also including quality control for ingredient,
additives (incl..flavors) and packaging suppliers
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Overview of LC-MS Technologies - Which Technique to Use

Sample Instrument | Screening Conformation | Quantitation

Prep

%I;E LE/QQQ — Highly selective, sensitive — MRM provides — Routine, high-
QuEChERS Tt detection of a large nurr.lb.er (?f positive conflrmatlon accuracy -
e b o bty compounds in a single injection and low detection MS/MS quantification
. y - Low detection limits in limits to meet all - Batch-at-Glance for
-Extraction or complex . :
. complex matrices regulatory fast view of

- Clean up matrix . . N

- Novel Agilent Jet Stream requirements quantification

technology - One-run screening result

improves sensitivity and confirmation

- Back flush tech for GCMS




Overview of LC-MS Technologies - Which Technique to Use

Sample Instrument | Screening Conformation | Quantitation

Prep

%PE kC;;FOF — High resolution reduces noise = — Automated, — Very narrow mass
QflE ChERS L 2 /Q-TOF and matrix interference accurate mass searches window for extracted
- Accurate mass provides added  against public and ion
Extraction con}p(?und select'ivity a.nd private databases - Ch1:omatog'rams
IS —— unlimited screening using exact - Molecular Formula provide precise MS
mass databases Generator feature and MS/MS
reduces data quantification
interpretation time - High dynamic range
to quantitate a wide
range of

concentrations




Overview of LC-MS Technologies - Which Technique to Use

Sample Instrument | Screening Conformation | Quantitation
Prep
%PE LB ER) — Selective detection of a large — Library matching in — High dynamic
QflEChERS _screening and number of compounds in a GCMS range to quantitate a
Quantification in single wide range of

-Extraction clean matrix injection concentrations
- Clean u - Low detection limits in simple

p matrices

- Complementary structure
information with DAD and FLD




Wine Sample analysis, Verrucarol std
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Sample analysis, Verrucarol sample
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Verrucarol shows similar MRM transitions in std and sample, only
difference is of RT and lon ratio of Quant & Qual




Sample analysis with spiked Verrucarol std

267.2>107.1 Quant ion

267.2>143.1 Qual ion

.5 A
Counts (%) vs. Acquisition Time (min)

Verrucarol shows similar MRM transitions in std and sample, only
difference is of RT and lon ratio of Quant & Qual
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Verrucarol std spectra using Q-TOF

1 1

%10 4 [+ESI EIC(267.1591) Sean Frag=90.0V STD2.d
1 1

%10 4 |+ESI Scan (8.021-8.166 min, 10 scans) Frag=90.0V STD2.d
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: G MS Formula Results: + Scan [8.021-8.166 min)

[of Farmula Abundance
[M+H]+

Best Farmula (k4] [on Formula Score Crozs Score Calc mdz Diiff [pprn) Mazz Match © Abund Match | Spacing Match
| \ C15H22 04| C15H2304 5961 267.1591 | 1.05| 5936 5973 59.95




Sample analysis using Q-TOF
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Results- Verrucarol

1-Peak at RT 8.15 min shows formula C15H2204
(267.1591 m/z) with 1ppm mass accuracy which is
matching with Verruarol std

2- Peak at RT 7.85 min shows formula C14H1805 (267.12
24 m/z) with 1 ppm mass accuracy

By using Q-TOF it is possible to differentiate between Verrucarol and
similar mass. As both ions shows similar fragmentation (MRM) it
is not possible to differentiate by using QQQ. Also RT difference
between both is just 0.3 min



Why Q-TOF?

Sometimes the combined power of

LC Resolution
+

MS Resolving Power

[s not enough based upon:

Small AMass Defect (Nature)
+

Intense Matrix Ions (Food Sample)

High resolution MS/MS can solve some of these problems




Performance Parameters Mass Spectrometer

d Mass accuracy
d Resolution

d Sensitivity

J Dynamic range




Time-of-Flight Mass Spectrometer
The Concept

lon
Source Field Free Region (optional ion mirror) A
° o Detector
P | J
® @ °
o o M o o °
° ® e o °
@ : ®
@ ° ® \_
10kv —® oV
Time

2 length 2.0
E=%mv V= -\/2_5 t= 2 = = 80 usec
m - /E /2 10000)
m

3200

When leaving the ion source, ions get accelerated to the same
kinetic energies. Ions of different m/z move at different velocities
and arrive at the detector at different times.



Mass accuracy
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Formulae for Mass accuracy

measured - actual
Mass accuracy = ( jxlO6

actual
(1000.001-1000.000)/1000)x106= 1 ppm ol
we;  EpItestosterone

weri  actual: 289.2162
ssl  MeEas.: 289.2159

Therefore: = -1.06 ppm
1 ppm @ m/z 1000 is 0.001 Da (1 mDa) o g —
o.oo! L. " ‘HM’.

I L
120 140 160 180 200 220 240 260 280 300 320 340 360 38 400
m/z, amu
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Why is Accurate Mass Useful?

Accurate masses give possible elemental compositions

MW
—- 176

100 ' ‘\\ \\\: 386
ol T . 882
\_\ \\ 1347

1 . 1672

! | 1 T . — e/
0.1 0.05 0.01 0.005 0.001 0.0005 0.0001 |-+ 95687

/
/
/

Possible formulas

Mass Accuracy (amu)



Understand the TDC

/ 1. Ions of a compound arrive at
the detector. The resulting
signal crosses a preset TDC
threshold and the arrival time is
recorded. This time is related to

the “measured mass”.
2. This time the sample is

more concentrated. The TDC
threshold thus triggers at an
earlier time. This causes a shift

to shorter arrival time for
higher signal level. Therefore,
threshold causes mass assignment error.
— &%
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Understand the ADC

ADC systems measure the
complete profile of ions and
use the flight time at the
centroid of the profile to assign
measured mass. The location
of the centroid will not change
due to sample concentration,
thus, maintains the mass
accuracy.

o000 ° ®

lon Flight Time: Is the centroid of all detected ions
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10 PGRs standards using Q-TOF
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Screening for 10 PGRs spiked and extracted from Grape
sample at 5ppb
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Mass accuracy for standards spiked and extracted from
Grape sample (ppm)

W S5ppb

W 50ppb
m 100ppb

L

Mass accuracy for standards spiked and recovered in Grape sample

Daminozide

d4-Chlormequat




Resolution

L Agpled) Tod boclugnay



Formulae for Resolution

922.W092
Resolution = (m/z)/wy,
1000/0.1 = 10,000 | Wap=0.087
922/0.087 = 10,597 I Q%KIZI

921.5 922.0 922.5 r%?;.gm%ZS.S 924.0 924.5
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Resolution comparison of quadrupole and TOF

Mass axis stepped in 0.1 m/z increments

o 100% 285.02073
0]
100
QUAD TOF
80%
801
70%
609
60] f
50%
o
N~
N 409
40 ’ 287.01815
30%
o
20] < 20%
286.02406
10(T
07 %e/ ! . i u | L h A .
- - - 2.0 284.0 286.0 288.0 290.0
282 284 286 288 m/z m/z, amu

No centroid interpolation done
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Mass axis stepped in 0.009 m/z increments
Advanced centroiding performed




Molecular Formula Generation from Isotopic Pattern

Sulfadimethoxine

= Resolution 18256 \L




Molecular Formula Generation from Isotopic Pattern

: GHMS Formula Results: Cpd5: C12H14N4045

'z [ Farmula Abundance
=] 311.0813 [M+H]+ C12H15 M4 045 1754961
Best Formula [M] Calc mdz Scare Crozz Score M azz Calc Mazsz Dviff [ppm)
= | | C12H14N4 045 311.0809 98.7 310,074 310.0736| 1.29|
|zotope Abund? Calc &bund? Calc Abund Sum® m.'z Calz m/z Cviff [pprn) Abund Sum?
1 100 100 a31.35 a11.0813 a11.0809 -1.249 a1.15
2 16.78 15.55 1265 120835 120835 -0.01 13.62
3 h.E3 B.43 h.23 a13.0789 a13.0794 1.44 4 62
4 065 084 0.6 a14.0801 40812 346 053
] 011 011 0.09 15,0824 15,0821 -0.96 0.09
x
&bs Diff [ppm]  Abund Match | Spacing Match t azz Match Coverage m,'z DBE
HsC._ 1.29 | 97 .65 93,48 93.87 100 a11.0813 a
NH;
A
HsC X l \\s
R NH N
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Sulfadimethoxine - MS/MS Fragmentation

x101
9.5
9
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3
7.5
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21
1.5
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m/z 156.0119 m/z 156.0773

NH,

+ Product lon (0.820-0.966 min, 10 scans) (311.08060[z=1] -> **) sulfas_108g_4GHz-016.d

156.01087
12238

156.11226
9868

155.78 155.8 155.82 155.84 155.86 155.88 155.9 155.92 155.94 155.96 155.98 156 156.02 156.04 156.06 156.08 156.1 156.12 156.14 156.16 156.18 156.2 156.22 156.24 156.26 156.28 156.3 156.32 156.34
Counts (%) vs. Mass-to-Charge (m/z)




MS/MS Fragmentation Pathways

\o

M =311
M_ =3110814 )\
M_, = 3113369 =

N

)\)\NHZ N

/

M= 156

Il
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\
 =156.0773 )\
M= 156 1625
av /

e I
*>o NH;

specific to sulfadimethoxine

NH2 M =173
M= 173.0385
M_, = 1732129
A
+/S
HN™ N\
@)
. common to all sulfonamides\
NH,
A
1 uip
" u ] S
:__,_.4-1-' \\>3+ M, = 156
e M_=156.0119

M, = 156.1823
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Elemental Compositions of Observed Signals

Hy; MS/AMS FormulaDetails: Cpd 5: C12H14H4045 C12H14N4045

156.076

CEHEMOZ2S

CEHIOM3OZ

2004

|" |_|'I

496

1550695

1550041

m'z £ Formula Abund? Diff [ppm) Losz Mass Losz Formula
92,0457 CEHEM 10.4 -22d 2190314 CEHAMIN4S
92,0457 CIHIOM S 10.4 3d.4 219028 COHEMI04

1080442 CEHEM O 1236 1.84 2030365 CEHIM3IN3S
1080442 CIHIOMOS 1236 33.04 203030 CaHEMIO3
1080442 CHEM3O3 1236 -3h.35 203.0405 CITHANOS
155.0683 CEH1103 205 12.89 15607106 C4H4M40OS
155.0683 CYHITMZE 205 -29.15 156.0171 CEH4MZ04

CEHIMWIOZ

1560708 CaHZMOZ 25.04 7B 1550728) CIHIZNZO0LS

CEH5 M O2

2180222 CEHEMN3O045 93.0573 CEHYM
2180222 CIH4 N304 5.32 -11.75 930612 CIHITMS
2451027 C12ZH13M4 02 £.92 232 B5.9776 H2025
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Resolution in MS/MS - Stanozolol

X103 [ = =m L] -

384 9307032
36

34-
32 107.08594
28-
26-
24
22

18- 121.10146

1.6
1.4+
124
08 133.10149 329.26065
06 *
0.4 161.13242 203.15370

0.2
0 l | Hmr“ \

297.23326
L ‘ |

|, me‘ . H‘M‘ T R ||
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Resolution in MS/MS - Stanozolol

Fragmentation - 25 mDaltons

:'ﬁ;“ll“:
Wy

e
L
L

Cpd 3:+ Product lon (329.26019[z=1] -> **) Stan-0005.d

95.06151
95.08624

95.11406

94.96 94.98 95
Counts vs. Mass-to-Charge (m/z)

95.02 95.04 95.06 95.08 95.1 95.12 95.14 95.16 95.18

Formula

Loss Formula

161.10823

161.10732

C10H13N2

168.15142

C11H200

119.0604 119.06037 210.19837 C14H260
119.08578 119.08553 -0.26 -2.15 C9H11 210.17321 C12H22N20 1990
135.09166 135.09167 0.02 0.11 C8H11N2 194.16707 C13H220 628
135.11642 135.11683 0.41 3.05 C10H15 194.14191 C11H18N20 389

161.13242

161.13248

0.05 0.32

C12H17

168.12626

C9H16N20

190




Strict Database search parameters to minimize False
Positives

Retention times can be added

Mass Accuracy Isotopic pattern score to database for stricter matches
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Search Your Own Database - Excel
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Sensitivity
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Sensitivity

All of it matters!!!
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: Ion generation

Heated drying gaz and dielectric capillary
Octopole ion guides

RF ion lenses

Hyperbolic quadrupole

Three-stage ion detection

ADC
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QTOF Sensitivity with Jet Stream
1 pg Reserpine, MS S/N 10:1

Noiﬁ%ﬂMSF58.17;SNR(0.429min)=9.5 x10 3 = . .-

4.5 b

4 1.2

24 ESI A

3 0.8

2.5

2 0.6

1.5 04-

1 0.429 5X 021 609.27726

0.5 _hoise ' . | |

0 B e i 606 607 608 609 610 611 612 613
N0|?(%(()I3=.MS)=83.74;SNR(0.392m|n)=50.8 10 3 - - o= —

d 0.392 1.44

- 609.28163

4 1.21

o Jet Stream |

3 0.8

2.5

0.6

2 610.28381

1.5 0.4

T noise A 0.2

[ = \ —

0.5 f\/WW\/W o) | ‘ ‘ | | | ‘ ‘

0 606 607 608 609 610 611 612 613

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15
Counts vs. Acquisition Time (min)

These data were acquired with 75/25 MeOH/water on a 2.1x30mm 3.5um column. Final specs will use
ACN/water and a 1.8um column and be common with the 6460 QQQ checkout




QTOF Sensitivity with Jet Stream
1 pg Reserpine, MS/MS

x102 |= " " " . 1% L . " " - x10 3 |+ EIC Product lon (609.2800[z=1] -> 174.0..
1+ .
2.25-
5] 091 Sum of MS/MS
0.8 1
ions 174, 195,
175 ESI
397, 448 at +/-
15 061 20ppm window
125 05
1 0.4+
0.75- 195.0623 0.31
- - OX
0.5 124.9990 397.2177 609.2 40.1095%1
538.9093 . '
0.25- . o/ W\
0- (T N N ANTTTRP N 9 A YT \M | “‘HH‘MHH‘H\‘\HM Fli \‘M‘\ i1 ‘H\‘H il bl b il \\“\ | | 0.‘2 014 016 018 'i 112 \1.‘4
X1 0 2 a " LI [ ] . ™ 1 [ <10 3
14
2.25- 195.0656
0.9
2+ -
0.8+
175 Agilent Jet Stream Sum of MS/MS
' 3972138 509.2803 077 ions 174, 195,
157 . ol 397, 448 at +/-
1254 89.0601 51 20ppm window
1 |
0.75 288.9238
0.5
494.2355
\ \
0- I 11l ‘ \‘\\H\‘ il HH\H\\ \h“\ I HHMHM | \HH“ \M | \M\H“M‘HH H\\M\H\\\H\L\‘u“\\\w\ H\“‘\M\H‘HH il \‘h“\‘\ \H‘MH HH\H‘H\wh\‘u‘\‘m‘ m\‘\ | 11l I, H‘\ R RS N N \“ hn | [N N RN R TT 0\12 | O.‘4 I \O.‘G I O.‘8 | \1‘ 1.‘2 11»4

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850" 843" 956" 1000
am o 5 1"ma - s o=
These data were acquired with 75/25 MeOH/water on a 2.1x30mm 3.5um column. Final specs will use
ACN/water and a 1.8um column and be common with the 6460 QQQ checkout
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Dynamic Range
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Sensitivity
-+

ADC/TDC

technology
-+

High speed electronics

Dynamic Range



New 4GHz Acquisition System

up to 5 Decades of In-Spectrum Dynamic Range

x10 6

Max Abd |

887 123.055394

3x107 e 5
9x10° cts

84

Erythromycin, 500 fg/pL
;:2: 102 + Scan (# 3135, [M+H]+ = 734.468518 m/Z
g Niacinamide, 10 ng/pL 250 cts 21 7 |Error = +0.6 ppm

7.2

o) [M+H]* = 123.055289 m/z
a1 Error = +0.8 ppm 3

+1 | In-Scan Dynamic Range

1 | This Example

344

] ox106/ 250 = 3.6 % 10%

+l | Maximum

" ax107 /250 = 1.2X 10°

0.8+
0.6+
0.4+
0.2+

o

735.416113

387755

! A

734 7345 735 7355 736 7365 737 7375 738 7385 739 7395 740 7405
Counts vs. Mass-to-Charge (m/2)

_207.007866 320.056151 425.138434 659.287715  7b9.

922.009798 1221.991581 1521.971969

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700
Counts vs. Mass-to-Charge (m/z)




Triazines Spiked Into Tomato Matrix, 500 ppt

6530 QTOF, MS Mode, Extended D

x10
4.25

3.75

3.25

2.75

2.25

N

1.75
1.5
1.25

-

0.75

0.25

x10%

TIC

L

namic Range

Notice 4x1076 signal

/\«fwfv/\L
2 Coums vs. Auqllsh?onTlme (min) n 12 B 1 15
EICs
33¢ Prometon Compound |% RSD
Prometryn (3inj.)
Ametryn 733 Simazine 0.3
5.037 ‘\‘ | Terbutryn Promgton 1.6
| ‘\ Atrazine 0.3
Simazine PrOpf"Z'nig‘M Ametryn 2.2
304 sofptrazine | Propazine 2.6
\‘\ | “ | “ Prometryn | 2.6
I l I Terbutryn | 2.2
S AN
2 3 4 5 10 1 12 13 14 15

6 9
Counts vs.Auqllsh?onTlm (min)

Note: on-column amount is 5 pg (10 pL x 500 ppt).
Identification done by database searching

Spectrum at 5.018 min
x10°©
346.25850

4_

3.5

3_

2.5

2_

1.5

1_

057 213.14878 701.42128

ey L L d L Ll 922.00980
100 700 30 500 600 700 800 900 1000
Coui ass-to-Charge (m/z)
Zoom view
x10;
214.15648 .

275 Atrazine

25 -1.1 ppm

2.25 216.10129

2 C8H15CINS

1.75

15

1.25

1

0.75

0.5

& JMJL,J

.\ )

14 219

20,000 cts

15 216 217
Counts vs. Mass-to-Charge



Triazines Spiked Into Tomato Matrix, 100 ppt
6530 QTOF, Targeted MS/MS Mode

On-column amountis 1 pg (10 pL x 100 ppt)

Compound| Precursor Product lon(s) Collision |% RSD
energy, V | (3inj.)
Simazine |202.0849 |124.0868+132.0317 20 13.2
Prometon |226.1662 |142.0717+184.1189 20 1.5
Atrazine 216.1010 |174.0539 20 16.0
Ametryn 228.1277 |186.0803 20 10.1
Propazine |242.1435 (158.0487+200.0962 20 17.2
Prometryn | 230.1177 | 146.0226+188.0692 25 14.2
Terbutryn |242.1435 |186.0803 20 12.6
xt02 " - - -
186.08089

84 C6H12N5S

71

6

5,

228.12735

4] Ametryn 09H1‘8N53

3,

21

11 84.95872 163.11811

0’ | il \h H\L ] wlm Lot L | o Lttt [T I H

60 80 100 120 140 160 ‘ 200 220 240
Counts vs. Mass-to-Charge (m/z)
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x103
2.4

2.2

1.8
1.6/
1.4
1.2

0.8
0.6

0.4{

Product lon EICs

Prometon Terbutryn
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