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I he challenges in residue analysis

Diversity of the compounds

= More groups and classes

= Different physical/chemical properties ( eg, polarity and pKa values )
= Parent drugs and metabolites

Complex matrices

= Matrix effect

= Co-extracted matrix

= Extremely low part-per-billion levels




‘L Methods Classification in Our Lab
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What do we want from TOF/Q-TOF analysis

i What’s it? What's concentration?
andyor ®

That’s really all there is

Screening for Target /lUnknown Confirmation
@ with MS/MS

Identification Quantification
with AM(RT) or PCDL With TOF/Q-TOF/QQQ



i Application 1: Pesticides Screening Method

Qualitative Screening and Quantitative Determination of
900+ Pesticides in Food Using High Performance Gas
(Liquid) Chromatography Tandem Quadrupole Time-Of-
Flight Mass Spectrometry
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i Method overview

= Screening of 900+ residue compounds
= Modified QUEChERS
= GC-Q-TOF & LC-Q-TOF



Matrix selection
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Sample prepare

Sample(for cereal water must added)

Formic acid Acetonitrile, vibrate

MgSO4; NaCl; soudium citrate; sodium
hydrogencitrate sesquihydrate

vibrate, centrifugation

C18, PSA, GCB, MgSO,

Supernatant, add formic acid

GC-Q-TOF and LC-Q-TOF detection




Method parameters—LC condition

3 HPLC system : Agilent 6540 LC Q-TOF (Dual ESI)
. Column : Poroshell 120 EC C18 150mm X 3mmi.d. , 2.7 pm (1% 5¢1)
Injection volume -3 uL
Flow rate : 0.30 mL/min
Mobile phase : A-0.1% Formic acid/5SmM Ammonioun formate/water
B-MeoH
Gradient Time (min) B %
0.0 5
1.0 5
6.0 60
16.0 100
A 20.0 100
20.1 3)

25.0 5




Method parameters— MS condition

—_—

Mass system

Nebulizer gas

Nebulizer pressure
Drying gas temperature
Sheath Gas temp

Fragmentor

Mass range

: Q TOF MS
. Nitrogen

. 40 psi
1350 €

: 350 €

1125V

' m/z 80-1050

lon source : ESI
Polarity . Positive/
lon spray voltage 4000 V

Drying gas flow rate  :9L/min

Sheath gas flow :10mL/min
Nozzle voltage 65V = =
Resolution 4G HR mode | / \
.v I[ L
U 40



{ Overlaid EIC of LC-Q-TOF

1.354

1.154

11111

0. 354

100 ug/kg 651 pest|C|des standard solution



Method parameters—GC condition

GC system - Agilent 7200 GC Q-TOF with EI source
! Column : HP-5MS, 30mX0.25umX0.25mm
- Injection volume 2l

Injection mode : MMI

Flow rate > 1.0 mL/min

Mobile phase - Nitrigen

Injection temp. 280°C

Gradient Time (min) Temp.
0.0 60°C
1.0 60°C
40°C/min 120°C

5C/min 310°C




iMethod parameters— MS condition

Mass system : Q TOF MS lon source =
Transfer line : 280°C Polarity : Positive
Current ' 2 MA Scan speed : 5 spectra/sec
Mass range : m/z 80-1050 Resolution 4G HR mode
Qs J_J =\l H—s:
==

1L <L



5L Overlaid EIC of GC-Q-TOF
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100 ng/kg 628 pesticides standard solution



Database Establishment

Accurate MS: full scan mode, RT, accurate MW, precuror ion,
Ionization pattern, response.

Targeted MS/MS: parent adduct ion, one or different CE, high
response, more fragments.

LC-Q-TOF 628
GC-Q-TOF 651
total 904



i |dentification

An analyte was considered positively identified when
criteria were confirmed:

s the accurate mass deviation of two selected 1ons of
each analyte was less than 5 ppm.

= the ratio of the chromatographic retention time of the
analyte to that of the same analyte in standard
solution was within 2.5% tolerance.



‘L ID Criteria (SANCO/12571/2013)

Table 4. [dentification criteria for different MS technigues

MS mode:

Single-stage M3 (vnit mass
resolution)

Single-stage MS (high
resolution/high mass
accuracy)

MS/MS

Typical systems
(examples):

Quadrupole, ion trap, time-of-
flight (TOF)

TOF, Orbitrap, FTMS, magnetic
sector

Triple quadrupole, ion
tfrap, hybrid M3
(e.g. Q-TOF, Q-trap)

Selected/multiple

identification:

ion

MQss accuracy < 5 ppm;

at least one fragment ion

- Full scan, Full scan, . o
AchI_ﬂllon Limited m/z range, Limited m/z range, reaction monitoring
mode: . - . o (SEM/MRM),full scan

yelected ion monitoring (SIM) selected ion monitoring (SIM) .
product-ion spectra
2 2 diagnostic ions, preferably

_ 2 3 diagnostic ions, preferably including the (gquasi) 2 2 product ions

Requirementsfor | including the (quasi) molecular | _molecular ion:

lon ratio(s): according to Table 5

Table 5. Recommended maximum (default) tolerancs

ps for ion ratios using different MS technigues

lon ratio Maximum tolerance Maximum tolerance (relative)
(least/most intense ion) (relative) for GC-EI-MS for LC-MS", LC-MS, GC-MS», GC-CI-MS
0.50-1.00 x10% 230%
0.20-0.50 =15% +30%
0.10-0.20 +20% +30%
<0.10 =50 % + 30 %




‘L Mobile phase selection

| Acetonitrile containing

5] 0.1% formic acid

- (5mmol/L ammonium

acetate)

|l
02 Ao )Ji | h ‘” | “ ‘ | N
I 1‘miv;;§;“#< f O

N Methnol containing

0.1% formic acid

(5mmol/L ammonium
acetate)

*
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ts vs. SREENTA (min)




i Precursor selection

= [M+H]* (Most chemicals)

s [M+NH4]
s [M-CL+H

f(Pyrethroids, >20 chemicals)
" (Chlormequat)

s [M?*H]*(Diquat)

O :M-HZO+

H]*(Paraquat)

s [M-CH,+

H]*(Cyhexatin)



i Method Validation

= LODs of all pesticides ranged from 10-100 g/kg (S/N>10) .

= Recovery and repeatability. Results with a range from32%o-
183%(cucumber), 20%6-159%(onion). 34%-150%(tomato),
21%-119%(broccoli), 25%-165%(spinach). 26%-174%(leek)
v 28%0-129%(soybean). 29%-161%(carrot). 20%-
173%(mushroom). 21%-150%(rice). 28%o-
192%(grapefruit).

= The relative standard deviation was 5.9~47.5%.

= Quick, accurately, precisely.



iApplication 2. Drugs Screening Method

Qualitative Screening and Quantitative
Determination of 100+ Drugs in Food Using High
Performance Liquid Chromatography Tandem
Quadrupole Time-Of-Flight Mass Spectrometry

001 o 2 8 255 B 5 W 52 - YA £
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Veterinaries studied (100+) and their MRLs

China EU
Beta agonist 14 Banned(MRPL) Banned(MRPL)
Benzimidazole 13 60 pg/kg(Mebendazole) 60 pg/kg(Mebendazole)
Benzodioxode 19 Banned(MRPL) Banned(MRPL)
Nitroimidazole 10 100 pg/kg 100 pg/kg (Thiabendazole)
Sulfonamide 19 100 pg/kg 100 pg/kg
Triphenylmethane 4 Banned (MRPL) Banned (MRPL)
Quinolone 14 10~200 pg/kg 10~200 pg/kg
Tetracyc]ine 5 100 pg/kg 100 pg/kg (chlortetracycline)
(chlortetracycline)
Sugar cortical 7 Banned (MRPL) Banned (MRPL)




gamp!e prepare

2.0 g Sample |
i\
0.1% formic acid/acetonitrile, 5g anhydrous
NaSO4
Eluted
g with
homogeneous, shake 10min ammon

ia/met
hanol

L

4000 rpm for 5 min
L)

Extracted again by 10 mL 0.1%acid/acetonitrile,

followed by 10 rTL ethyl acetate

Evaporating at 40°C till dryness
|

Collect all eiution

(HLB functions: Retain

the interferences & filtrate )

reconstituted with 5mL of ammonia/methanol
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Method parameters—LC condition

| HPLC system : Agilent 1200 RRLC series
_ Column : Zorbax XDB C18 3.0 X 100mm, 1.8 pm
Injection volume :5nuL
Flow rate : 0.30 mL/min
Mobile phase : A-0.1% Formic acid/SmM Ammonioun formate/water
B-0.1% Formic acid/ACN
Gradient Time (min) B %
0 5
4.5 30
12.5 50
18 50
AN 20 80
' 25 100

30 100




ethod parameters— MS condition

Mass system : Q TOF MS lon source - ESI
Nebulizer gas : Nitrogen Polarity : Positive/ Negative
Nebulizer pressure . 45 psi lon spray voltage : 4500 /4000 V
Drying gas temperature  : 330 € Drying gas flow rate :5L/min
Sheath Gas temp 1400 <€ Sheath gas flow :10mL/min
Fragmentor 110V Nozzle voltage 0V
=N =
Mass range : m/z 80-1050 Resolution 4G HR mode |=/ B
-zg-i.':::;%::' I [
LERE NI e
1L I_r <45



Results

x10 6 |Cpd 1: 4-nitroimidazole: +ESI EIC(114.0298) Scan Frag=110.0V std-00.d

Standards

3.019 M\Lh A Mnkﬁmh N AK A Ji i

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Counts vs. Acquisition Time (min)

x10 3 |Cpd 89: Crystal violet: +ESI EIC(372.2434) Scan Frag=110.0V method 2-H-02.d

,,,,,, L

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Counts vs. Acquisition Time (min)

Overlaid EIC of 105 veterinary drugs standards (5 ng/mL) and sample (5 po/kg )




Identification of compounds with the same nominal mass

Sulfameter C11H12N403S  280.060301
1 Sulfamethoxypridazine C11H12N403S  280.060301 0 Rt
Sulfamonomethoxine C11H12N403S  280.060301
Temazepam C16H13CIN202 300.06656 Rtand
2 5.13 isotope
Sulfaquinoxaline C14H12N402S  300.06810 match




x10 4 |+ESI EIC(281.0703) Scan method 2-H-02.d
351 *6.354 *6.f52
3,
251
2,
159 *7.046
0.
5253545556575859 6 6.16263646566676869 7 717273747576777879 8 818283 84 85
Counts.vs_Acauisition Time (min)
x104 |Cpd 1: C11H12N403S: +ESI Scan (6.511-6.601 min, 12 scans) Frag=110.0V method 2-H-02.d Subtract
2.4 281.0702
22 (MH)*
2,
181 303.0522
6l (M+Na)+
14
121
14
0.8
0.6
0.4
0.2 ‘
N N N T N R R L

260 265 270 275 280 285 290 295 300 305 310
Counts vs. Mass-to-Charge (m/z)

Sulfamethoxypyridazine C11H12N403S 6.35 min
Sulfametere C11H12N403S 6.55 min
Sulfamonomethoxine C11H12N403S 7.05 min




Temazepam (C16H13CIN202) and SUIfaQUinoxaline (C14H12N402S)

x10 4 |Cpd 1: C16 H13 CI N2 02: +ESI EIC(301.0738, 303.0714) faquinoxaline-target MSMS-10ppb-04.d
5@;1 <<16 7325 112
451
. Mass accuracy
3.5
3,
Different Retention time
1.5 x104 |Cpd 2: C14 H12 N4 O2 S: +ESI EIC(301.0754) Scan sulfaquinoxaline-target MSMS-10ppb-04.d
. L b |
0- ~ Nk R ] e
123 456 7 8 9 101112 13 14 15 16 17 18 19 20 21522
Counts vs. Acquisition Time (min)
2,
1.5
11 Gozss )
0.5 &\‘
04 N & ~ f\. ——
12 3 456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Counts vs. Acquisition Time (min)
Compound Formula Solvent/Matrix Measured Mass Cal. Mass Error
Temazepam Cipl3CING Oy Std 300.0661 300.0666 —1.62 ppm
Meat 300.0666 300.0666 0.06 ppm
Sulfaquinoxaline Cral1oN 4068 Std 300.0676 300.0681 —1.69 ppm
Meat 300.0687 300.0681 —1.90 ppm




Temazepam (C16H13CIN202) and SUIfaQUinoxaline (C14H12N402S)

x10 3 |Cpd 54: Temazepam: +ESI| Scan (18.226-18.473 min, 31 scans) Frag=110.0V method 2-H-02.d Su...
301.0739
(MH)+
3.5+
i C16H13CIN202
3
2.54
2,
o
14 302/077
(M+H
304.0736
0.5+ (M+H)+
0-LL el I L . l ;
299 300 301 302 304 305 306 307 308
Counts vs. Mass-to-Charge (m/z)
x10 3 |Cpd 55: Sulfaquinoxaline: +ESI Scan (18.761-18.868 min, 14 scans) Frag=110.0V method 2-H-02.d...
4.5 301.0749
. (MH)+
Isot teh o) C14H12N402S
Sotope matcC N
2.5+
2,
159 302.0792
N (M+H)+
0.54
0- L | . L

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

2995 300 3005 301 3015 302 3025 303 3035 304 3045 305 3055 306



Confirmation of Temazepam

x10- 3 Cpd 1: C16 H13 CI N2 O2: +ESI Product lon (16.587-16.789 min, 9 scans) Frag=110.0V CID.. O OH
55.0681
: MS/MS spectrumc__
N N
1.44 /
1.2+
14
0.6
0.4- 301.0747
.
0.2+ l
0/ . |
235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 Cl

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

Hgg M5 /M5 Formula Details: Cpd1: C16H13 CINZ2 02- target msms temazepam and sulfaquionxachne-02d C

m.'z Foarmula Abund® Criff [pprn] Logzs Mazz Logzz Formula
b 282.0633 CIEH1Z2CIMZ 0 20286 -0.2 18.0106 HZ 0O
255 0631 C15H12CIMZ 7314 1.16 46,0055 CHz0Oz2

Information of Fragment ion



Conirmation of Sulfaquinoxaline

x102 |Cpd 4: C14 H12N4 02 S: duct lon (9.234-9.507 min, 13 scans) Frag=110.0V CID@15.0 (301.0745[z=1] -> **) s...
156.010
3,
2.54
5 HoN
1.54
108.0439
B 0
2411507 299'0’427 //
0.5 S
| | 2
0- |..,, sl ..L..|.,l‘.,m| FY FYTAPTRN Y IPREAS AT (TWTH S TRTRNTT] TRPRRTIITY R ...ll SR N S — N O H

T T T T T T T T T T T T T T T
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Counts vs. Mass-to-Charge (m/z)

Hig M5/M5 FormulaDetails: Cpd 4:C14H12N4 025 C14H12N4025

mdz Formula Abund= Dniff [ppmn) Lozz kaszs Lozz Formula
102.0429 CEHEM O 16.95 4.4 1932.031 CEHVM3IOS
108.0439 CZHIOMOS 16.95 35,59 193.0276 C11H2ZM30
166.0106 CEHEMOZ25 R4 81 B.03 145 084 CEH7 M3
1656.0106 CaHZMOZ2 5421 -16.57 1450674 CEH1TM3S
2411807 8.66




Method Validation

= Recovery and repeatability. Results with a range
from 41.1-120.9% (meat), 52.4-91.9% (milk),
and 57.3-118.9% (egQ), and the relative standard
deviation was less than 20%.

s LO
Lo/
Lo/

Ds and LOQs of all drugs ranged from 0.01
Kg to 5.96 1g/kg and from 0.04 g/kg to 18.45

KQ, respectively.
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