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Instrumentace pro analyzu pesticidu

Guidance document on analytical quality control and validation
procedures for pe residues analysis in food and feed
SANCO/12571/2013

D. Identification of analytes and confirmation of results
Identification

Mass spectrometry coupled fo chromatography

D1 Mass spectrometry coupled to a chromatographic separation method is a very
powerful combination for identification of an analyte in the sample extract. It simultaneously
provides retention time, ion/charge ratios and relative abundance (intensity) data.

ec.europa.eu/food/plant/pesticides/guidance _documents/docs/qualcontrol_en.pdf
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Instrumentace pro analyzu pesticidu

Pozadavky na identifikaci analytu:

MS mode:

Single-stage MS (unit mass
resolution)

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

MS/MS

Typical systems

Quadrupole, ion frap, fime-of-

TOF, Orbitrap, FIMS, magnetic

Triple quadrupole, ion

. - trap. hybrid MS
(examples): flight (TOF) sector (6.g. Q-TOF, Q-frap)
Selected/multiple
- Full scan, Full scan, : gl
Acquisition ik S reaction monitoring
B Limited m/z range, Limited m/z range,

Selected ion monitoring (SIM)

Selected ion monitoring (SIM)

(SRM/MRM).full scan
product-ion spectra

Requirements for
identification:

> 3 diagnostic ions, preferably
including the (quasi) molecular
ion

> 2 diagnostic ions, preferably
including the (quasi)

molecular ion;

mass accuracy < 5 ppm;
at least one fragment ion

> 2 product ions

lon ratio(s): according to Table 5
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Instrumentace pro analyzu pesticidu

Trojity kvadrupdl: Selected Reaction Monitoring (SRM)
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Instrumentace pro analyzu pesticidu

Trojity kvadrupdl: Selected Reaction Monitoring (SRM)

Q1 Kolizni cela Q2
] —
- ¢ s
®—o0oe0- -t .
L 4 . 4
Vybér prekurzoru CID Vyber p_rodtuktového Chromatogram
iontu

 Tandemova MS (detekce
produktovych iontl) zlepSuje
pomér signalu k Sumu.

« Signal klesa, ale Sum klesa
rychleji.

Intenzita

1 2 3 4 Supen MS
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Instrumentace pro analyzu pesticidu

HRMS: Q-TOF
1. Meéreni spekter bez fragmentace (MS)

Wbetei(cie vSech

o
Q1 Kolizni cela HR Ll

o®— 02 —0f

Hmotnostni
spektrum
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Instrumentace pro analyzu pesticidu

HRMS: Q-TOF
1. Meéreni spekter bez fragmentace (MS)
2. Méreni produktovych spekter (MS/MS)

- Pr&dﬁktové

K
Q1 Kolizni cela HRMS Spektrum

e el el

)
0 o0 -

Hmotnostni
spektrum
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Instrumentace pro analyzu pesticidu

HRMS: Q-TOF

1. Meéreni spekter bez fragmentace (MS)

2. Meéreni produktovych spekter (MS/MS)

3. LAl lon* MS (MSE...) — produktové ionty bez vybéru prekurzoru

Detekce vSech
prekurzori i

fragmentu

Q1 Kolizni cela

Hmotnostni
spektrum
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Instrumentace pro analyzu pesticidu

HRMS: Selektivita

x104 +ESI EIC:1 (253.0309, 255.0280) Scan Frag=400.0V STD 0.10 ES.. 193 +ESI Scan:1 (rt: 2.729-2.803 min, 8 scans) Frag=400.0V STD 0.1...

81" m/z 253.0309 1 253.0310
+/- 0,25

. 0,5Da A
x10 4 +ESI EIC:1 (253.0309, 255.0280) Scan Frag=400.0V STD 0.10 ES.. 403 +ESI Scan:1 (rt: 2.729-2.824 min, 10 scans) Frag=400.0V STD O...

1'm/z 253.0309 ! 3.03
+/- 0,025

x104 +ESI EIC:1 (253.0309, 255.0280) Scan Frag=400.0V STD 0.10 ES.. x103 +ESI Scan:1 (rt: 2.729-2.813 min, 9 scans) Frag=400.0V STD 0.1..

"m/z 253.0309 !
151 4/-0,0025

0.5
0 rtmstrrbrtirsansmomirsoiisior byt WWWWMw

' . ' ’ ' ! .- 1 1 1T 1T
05 1 15 2 25 3 35 4 45 5 55 6 252.8 252.9 253 253.1 253.2 2533
Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
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Instrumentace pro analyzu pesticidu

HRMS: Vypoc€et sumarniho zvorce

Monoizotopicka hmota Shoda presné
monoizotopické hmoty

v

285.0205
Wk
Pomeéry izotopu

| . ) Shoda pomeéru
Vzdalenosti izotopu

> izotopu
287.0171
2860236 Shoda vzdalenosti
285 2885 28 2BER 287 2875
Reszponze va. Mazs-to-Charge [mz)

Celkové skore -\

i G MS Formula Results: Cpd 2: C10HICIN4 025

m'z

Farmula

(=R 2
Best Formula [k4] Calz miz Score Crozs Score b azz Calz Masz [Niff [pprn] ahz Diff [p Spacing Mate . Abund Mate . Masgs Match mi'z DBE
+ CI0HS CIM4 02 5 2850208 93,55 2840137 2840135 -0.71 0.1 9319 93,26 93.69| 285.021 g
[+ F C7PH12M2 0652 285021 TT.28 2840137 2840137 0o 0.om 99,54 1.93 100] 285.021 3
| CTH13CIM4 02 52 285.0241 TaE7 284 0137 284 0168 1112 1112 99.87 8387 46.22| 285.021 3]
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Instrumentace pro analyzu pesticidu

Hmotnostni spektrometrie:

« Kvalitativni i kvantitativni informace béhem jedné
analyzy

« Jendoznacna identifikace analytu — nutné dodrzet pozadavky
SANCO/12571/2013.

* Moznost stanoveni stovek latek béhem jedné analyzy.

* \/ysoka selektivita

* Produktové spektrum obsahuje strukturni informaci o molekule.

* Vypocet sumarniho vzorce z HRMS spekter.
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Typy analyz rezidui pesticidu

Cilova analyza:

v’ Struktura

v" Retentni ¢as

v Molekulovy iont (m/z)
v" Fragmenty (m/z)

v Dostupny standard

Analyticky ukol:

Sledovani legislativnich
limitd (MRL)

Instrumentace:

= MS/MS (QQQ)
= HR MS/MS

Necilova analyza/screening Analyza ,,neznamych* latek

v' Struktura

x Retencni Cas

% Molekulovy iont (m/z)
x Fragmenty (m/z)

? Dostupny standard

Analyticky ukol:

Bézné nesledovaneé latky:
Nepovolené, nepouzivané
(staré), nové registrované

Instrumentace:
= HR MS(/MS)

Agilent Technologies

% Struktura

Retencni Cas
Molekulovy iont (m/z)
Fragmenty (m/z)

X X X X

Dostupny standard

Analyticky ukol:

Sledovani necistot ze syntézy
(az 15% hm), degradacnich
produktll nebo metabolitl

Instrumentace:
= HR MS/MS

Garcia-Reyes a spol., TrAC 26 (2008) 828
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Typy analyz rezidui pesticidu

Cilova analyza: Necilova analyza/screening Analyza ,,neznamych* latek
v’ Struktura v' Struktura

v" Retentni ¢as

v Molekulovy iont (m/z) x Molekulovy iont (m/z) x  Molekulovy i

v" Fragmenty (m/z)
v Dostupny standard

Analyticky ukol: Analyticky uUkol An;

SledOVénilegiSIativnl'Ch e 1 SE OV ane SR A OIS0 e ByNe
limitt (MRL) - (a3 15 -

Instrumentace:

= MS/MS (QQQ)
= HR MS/MS

Garcia-Reyes a spol., TrAC 26 (2008) 828
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Cilova analyza rezidui pesticidu

Trojity kvadrupdl: Selected Reaction Monitoring (SRM)

Q1 Kolizni cela Q2 N\

o W
.’—). @ —-— > ¢ — o
9, | o o

ioersrovuacvens |

Vybér prekurzoru CID Vybeér produktoveho
jontu
v Vlysoka selektivita a citlivost (S/N) x  Nutny standard analytu

v" Rychlé prepinani polarity (5—30 ms) % Komplikovana tvorba metody

” MS/MS prech cni ¢
v' Siroky linearni rozsah (kvantifikace) (MS/MS prechody, retencni casy)

x Omezené mnozstvi latek v metodé

x Detekce POUZE prfedem
nastavenych latek

v Jednoduché vyhodnoceni dat
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Cilova analyza rezidui pesticidu

Trojity kvadrupol (LC): =300 pesticidu, tj. 600 MS/MS prechodu (10 pg/kg)

x10 8 |Cpd 1: lvermectin B1a: +ESI MRM Frag=380.0V CF=30.000 DF=40.000 CID@ 16.0 (892.5000 -> 551.3000) MRM_Mix_7.d
1 1

9.75
9.5
925
o4
8754
8.5
8.254 \
: |
7.754
7.51 ‘
7.254 ‘ }
74 |
6.751

6.5
6.254
5754 i ] ‘-

;

5.5
5.25-
54
4.754
454
4.254
44
3.75-
3.5
3.25-
34
275
25
2.25-
24
1.754
1.54
1.254
14
0.75-
0.5
0.25-
0-

| 17.504
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Cilova analyza rezidui pesticidu

Trojity kvadrupdl: Selected Reaction Monitoring (SRM)

Q1 Kolizni cela Q2 N\

— e——
U

%)
.’—). @ —-— > ¢ — o
) T © o

ioersrovuacvens |

Vybér prekurzoru CID Vybeér produktoveho
iontu
v NejcitlivéjSi moéd méreni % Nutny standard an

v Vysoka selektivita x Omezené metodé
v Rychlé prepinani polarity (5-30ms) % D

v Jednoduché vyhodnoceni dat
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Typy analyz rezidui pesticidu

Cilova analyza: Necilova analyzal/screening /‘nalvza  neznamyveh™ latek
v’ Struktura v" Struktura

v" Retentni ¢as x Retenc¢ni ¢as < Rets

v Molekulovy iont (m/z) % Molekulovy iont (m/z) < Molekulovy iont (m/z)

v" Fragmenty (m/z) x Fragmenty (m/z)

v Dostupny standard ? Dostupny standard < Dostupny

Analyticky ukol: Analyticky ukol: Analyticky (¢

Sledovani legislativnich Bézné nesledovaneé latky: Sledovar

limita (MRL) Nepovolené, nepouzivané a7 1

(staré), nové registrované produktd nebo metaboliti

Instrumentace: Instrumentace: Instrumentace
= MS/MS (QQQ) = HR MS(/MS) = HR MS/MS
= HR MS/MS

Garcia-Reyes a spol., TrAC 26 (2008) 828
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Necilova analyza/screening

Dva pristupy k necilovému screeningu:

Méreni MS/MS spekter All lon MS/MS

- Akvizice dat v All lon (MSE) médu
ALMPABS Gielt U 7 IR (fragmenty i prekurzory jsou detekovany
najednou)

Vyhledani latek ze seznamu ve
zméreném vzorku

Vyhledani latek ze seznamu ve
zmereném vzorku

Cilové méreni produktovych spekter
pro podezrelé nalezy (2. nastrik)

|dentifikace na zakladé shody eluéniho

|dentifikace na zakladé porovnani s profilu kvazi-molekularniho iontu a
knihovnou produktovych spekter. fragmentu.

Seznam latek pro screening: Regulation (EC) No 1107/2009

Agilent Technologies

L Autorizovany distributor




Necilova analyza/screening

Vyuziti MS/MS spekter: 1. analyza HRMS

I 4 - y y o
7
<10 HRMS zaznam Seznam podezielych nalezu
1.64|1
1.44 W Flags (Tgt) ¥4 Name ¥ RT 7R Score 7 miz W4 Diff (Tgt. ppm) 78 Formula vH CAS ¥H
1.2+ “\ - Chlorsulfuren 355 94.07| 358037 -0.44 C12H12CINEQ4S| £4302-72-3
14 ‘w‘ 53] DEET (Diethyltoluamide) 418 83.24| 1521384 -1.25 C12ZH17NO 134-62-3
0.8 ‘ ‘ [\ Fiprenil A2 9314| 4369461 0.43| C12H4CIZFEN4 0O 5| 120068-37-3
0.64 [ \\ /j A [ Linuron 462 91.57| 245.01: 0.8 COH10CI2 N2 02 330-55-2
044 L‘ /“ # o =] multiple IDs Terbutryn 514 8822 2421436 -06 CI0H19NE S 886-50-0
0.2+ \ JKMJ“AJ‘ T i » Thiacloprid 276 957 253.031 1.0 CIOHICIN4S|111982-43-9¢
0 o = Trinexapac-ethyl 379 23.8( 253.10M1 0.28 C13H16 05| 35266-40-3
05 1 15 2 25 3 35 4 45 5 55 6
Counts vs. Acquisition Time (min)
5 Cpd 16: Thiacloprid: +ESI EIC(253.0309, 255.0280) Scan Frag=400.0V ST... x103 Cpd 16: Thiacloprid: + FBF Spectrum (2.71-2.73, 2.83-2.96 min) STD 10 ESL...
6 276 7 253310
- (IC10HOC|NAS]+H)+
55 ‘_)\ 65
5 | '\ 6
45 |‘ ) 5.5
4 ‘\ ‘\ 5
e 35 ‘\ '& 4-3
o o 22 \‘ ‘|‘| 3'3
- s - .
Databaze pesticidu (<1600 zaznamu) > I
T MassHunter PCDL Manager for Pesticdes - Ciecemernpcotresicaes av reoLo R s L v | 1.5 ‘ lxx 2
i DL Links  Help ] 1.5
D Find Compounds 3 |0 5| @ ! l | 1
e e T Y [ R pryees 0.5 ," L 0.5
T Mol © Netod © M Famin E s tostes Y . . . . . _' - - . - - 0 [
100 ®pm ©mba Name . . 22 23 24 25 26 27 28 29 3 3.1 32 251 252 253 254 255 256 257 258 259 260 261 262 263 264
hiow \]/ Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
[ Require i o “oe
i = /Jv
CIHBN4OS 1-Phenyt-3{1.2,3thiadiazol Syilrea 3 —
C12H16N. 1-Methyt-2{(E)-2-3methyl-2thienylpvinyl}14.5.6¢... 3
Ciinga 7o Snat Snaiecabontoood |3
C10HEQ 5-Amino-4-chloro-2 pheny-32H) pyrdatinone. 3 14 v r . L] -
Cioniin. | 2210628 19691578 |28 |13 Bemaabino 2913 s
Co i s 2. nastrik pro cilovou akvizici
CrTmEN..| 2211166 2259303 | IGHIS | M Dmetenmonehienshmnareni.. |3
e T T : ,
—
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Necilova analyza/screening

Vyuziti MS/MS spekter: 2. analyza HRMS/MS - identifikace

x10 4 |Cpd 3: Thiacloprid: +ESI EIC(253.0309, 255.0280) Sca.. x10 4 |Cpd 3: Thiacloprid: + FBF Spectrum (2.75-2.84 min) STD 0.5 E.. x10 2 |+ESI Product lon (2.76, 2.79, 2.82 min, 3 Scans) Frag=400.0V CID...
3.0 2.78 1.4 253.0306 ] Zméfené MS/MS spektrum 253.0307
344 Extrahovany 0 MS spektrum (ICTOHOCINAS]H)+
> chromatogram B . A 05y  126.0009
2.8 W 0.8+ é}— ! ’ 147.1189 186.0147 236.9875
2.64 | 0.64 . Y 01 ‘ '
2.4 ‘ 0.4 \ wwwwwww f ''''''' i x10 2 |+ESI P.roduct lon (2.76, 2.79, 2.82 min, 3 Scans) Frag=400.0V CID...
2.2. ! 0.2 ,J] Diferencni spektrum 253.0307
24 o ] 126.0099
186.0147 236.9875
1.8+ x10 3 |Cpd 3: Thiacloprid: (M+H)+: +ESI Product lon (2.76, 2.79, 2.82... 0+ 147.1189 | E
1.64 I \ 5] 253.0307
1.44 ‘ " 175 MS/MS (IC10HOCINAS]+H)+ 14
1'?' |+ 15 spektrum ' x10 2 [Thiacloprid G10HOCINAS + Product lon Frag=120.0V CID@10.0 P...
I i 1.25 .| MS/MS spektrum z knihovny  2s3.0300
0.8+ | 1. 126.0099
0.64 i 0.75 126.0087
0.754 0.5
2.421- "‘ &k | e, 1860147 0259 186.0120
-2 \ ‘ 0.254 . .
04 A_A_M#JNWUJM_RMW%JW Ml ol N o 0- ! 217.0542
2 22 24 26 28 3 32 34 36 100 125 150 175 200 225 250 275 300 325 350 375 120 140 160 180 200 220 240 260
Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z)
Flags (Tgt] 4R MName V8 RT 78 Score7H miz ¥+ iff (Tgt ppm) 7R Formula TR CA5 TR Score(li’ ¥R
=0 | Thiacloprid| ~ 2.78| 96.76| 253.0306| 0.22| C10HICINAS| 111988-49-9 | 95.24|
Best ¥R Score ¥R Mass 7w D Source W DBE W& Species WH miz ¥R Library ~FH
Databaze (MS) B | B | 96.76| 252.0237| LibSearch-F. | i (M+H)+| 253.0206| C:MassHunter\. |
Knih : _E ¥# WName < Forward Score "0 Reverse Score | Score (Lib) "R Num Peaks v miz (prec.) W9 Notes ¥R Library 78
nihovna H : 3 | | |
B 10 Thiaclopnd H8.01 0524 | 9524 | 11 2530309 | C:\MassH..
MS/MS | | prid| | | | _ | | |

miz ¢ W R Score (iso. abund) 78 Score (mass) W B Score (MS) 74 Score (iso. spacing) W R Abund ¥ lon Formula W8 Species W&

Shoda MS spektraa = | 253.0306| 90.09| 99.97| 9.76 | 9835 131818 | (MeH)|

sumarniho vzorce
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Necilova analyza/screening

Vyuziti MS/MS spekter

Co kdyz MS/MS spektrum latky nemame v knihovné?

Software pro korelaci strukturniho vzorce s MS/MS spektrem

« In-silico fragmentace a urCeni pravdépodobnosti vzniku jednotlivych
fragmentl z dané molekuly.

*  Nutny strukturni vzorec (*.mol, databaze, www.chemspider.com)

Priklad: Jedna se o spektrum linuronu?

x103 Cpd 1: 4.619: (M+H)+: +ESI Product lon (rt: 4.585, 4.615, 4.645, 4.674 ... min,..
249.0189
5. *
N 0
4- /
¥ 182.0236 ] [
. N\ CH3
21 cl Hsc” o/
62.0601
1' 132.9597 207.0317
04 oo L . cl
60 80 100 120 140 160 180 200 220 240 260 280 Linuron
Counts vs. Mass-to-Charge (m/z)

Agilent Technologies
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Necilova analyza/screening

VYUZItI MS/MS spekter * Hodnoceni jednotlivych fragmentt
podle pocet vazeb a typ vazeb nutnych

Vypodet sumarniho vzorce z MS [EEETTET ke vzniku fragmentu ze strukturniho

vzorce.
* Muze existovat nekolik izomernich

spektra.

mpoUnT Comp
e 1740 ”, ,
/f( i S Fr—— kandidatu s vysokym skore.
= = G FTotal: [ Add Stnucture |
M _248,01 ula cand\datesTfrj)m MFG F b e
aut.
| D Formul . lsomers | Gips I dMppm) A [dMippi Pesticides_AM_PCDL - :] _ 3 ;
Sepcr—— aa s a5 =
] mC:HDCI:N:C; 59 3 1.2 T 1l 2 1555,|}g. - : 225.. 1 . 568
- ] 3 62,0601 £90.17 0.0 3 996
Standard InChlKey: 4 [ BD_.MEB 28_4.55 00 4 571
XKJMBINCVNINCA- 5 83.0384| 24457 | 01| 1 95.4
/° [ R AN 6 1609784 219.78 28 1 %6
Ll il r Score:  80.46 7 207.0317 126.13 07 Do
Fragment formulas for C9H10CI2N202 E I ZE0WE] e il 3| it
| nom. Penalty=6.5 dM=3.0ppm Score=84.7 1 [&| Of2 Penalty=9.5 dM=3.0ppm Score=70.8
e o o e (SR i) = ||| camscinzo-2+ CBH1CINZO-4H
t a -
¥ 1820236 192235 10000
2 1595708 187335 9745 CEHACIZN
3 620601 69017 3590 C2HENO
4 : 28458 1480| C2HBNO B , )
5 880 244 97 1274 C3HENO2 CElkO\Ie Skore -
3 1605784 1143 CGHECIZN ( 80 46)
! 070317 569 | I ’ ° N
7 2070317 969 | _ |4 . B o = Hzc/"\o
g 218.0002 CBHECIZNZO
, . . s
Navrhy jedn.otlivych

* Vypocet sumarnich vzorci pro
vsechny fragmenty v MS/MS spektru.

* Pouze kombinace prvki obsaZenych v
molekulovém iontu.

Penalty=9.5 dM=3.0ppm Score=70.8
CBH11CIN20-4H

Agilent Technologies
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Necilova analyza/screening

Vyuziti MS/MS spekter

Interpretace produktového spektra:
x10 3 Cpd 1: 4.619: (M+H)+: +ESI Product lon (rt: 4.585, 4.615, 4.645, 4.674 ... min, 6 scans) Frag=400.0V CID@10.0 (249.0195[z=1] -> **..

5.5 249.0189
5 *

4.5' ' Yo N 0
Y
4- a cl HZC/N n\ CH3
351 c. \ / it
’-%0

150.9708 182.0236
HSC/Y H:“:/N\O/cuz
1.5 /
1 62.0601
88.0384
05 | 100.0637  132.9597 207.0317 534 4725
0 | | o L . | N L , il

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
Counts vs. Mass-to-Charge (m/z)
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Necilova analyza/screening
All lon MS/MS

Krok 1: Akvizice dat v All lon MS rezimu

x10 6 |+ESI TIC:1 Scan Frag=400.0V STD 1 ESI+ All lon 4GHz HCOONH4+FA.d
541 Bez fragmentace !

x10 & |+ESI TIC:2 Scan Frag=410.0 CID@10.0 SJD 1 ESI+ All lon 4GHz HCOONH4+FA.d
541 Fragmentace: 10V 1

x10 6 |+ESITIC:3 Scan Frag=420.0M CID@20.0 S)D 1 ESI+ All lon 4GHz HCOONH4+FA.d

4] Fragmentace: 20V

0.5 1 1.5 2 25 3 3.5 4 4.5 5 5.5 6
Counts vs. Acquisition Time (min)

Agilent Technologies
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Necilova analyza/screening
All lon MS/MS

Krok 2: |dentifikace latky

x10 3 |Cpd 3: Thiacloprid: + FBF Spectrum (rt: 2.711, 2.722, 2.732, 2.806 ... min) STD 10 ESI+ All lo..

» Ve spektru bez fragmentace 2530310
. , . (C10HoC|N4s)+H)+ Spektrum bez fragmentace,
jsou vyhledany prekurzorove 51 X,
. wars
lonty. N ]
x10 4 |Cpd 3: Thiacloprid: +ESI Scan:1 (rt: 2.711, 2.722, 2.732, 2.806 ... min, 19 scans) Frag=400.0...
2530310 )
(IC10HOC|N4S]+H)+ .
14 o
}‘?}m
0- M

-r r Tt r T _ r T T T T _r1r T T 1 T T T T T
248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266
Counts vs. Mass-to-Charge (m/z)

x10 4 |Cpd 3: Thiacloprid: +ESI HighE Scan (rt: 2.715-2.960 min, 48 scans) STD 10 ESI+ All lon 4G..

5 126.0106 gpektrum s fragmentaci

” 253.0312 /f
Jaké fragmenty ' " /
vznikly z konkrétniho * {W%
prekurzoru? ” 7 )
14 ' 224.1283 277 1083 |\ // 3472430
0- JJ.J.J__L_.__J_..._;Lll._l...l..Ll.L__ sl ;J.I.L_...L.L.ul TR VR N N

Counts vs. Mass-to-Charge (m/z)
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Necilova analyza/screening
All lon MS/MS
Krok 2: |dentifikace latky

x10 3 |Cpd 3: Thiacloprid: + FBF Spectrum (rt: 2.711, 2.722, 2.732, 2.806 ... min) STD 10 ESI+ All lo..
» Ve spektru bez fragmentace 2530310
. , , (C10HoC|N4s)+H)+ Spektrum bez fragmentace,
jsou vyhledany prekurzorove 51 X,
. I
ionty. N o
x10 4 |Cpd 3: Thiacloprid: +ESI Scan:1 (rt: 2.711, 2.722, 2.732, 2.806 ... min, 19 scans) Frag=400.0...
2530310
N (IC10HOC|N4S]+H)+ & e
- 0- M
Knihovna MS/MS SpeKter 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266

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

Librﬁ”ﬂ'fg?dr””"' x10 4 |Cpd 3: Thiacloprid: +ESI HighE Scan (rt: 2.715-2.960 min, 48 scans) STD 10 ESI+ All lon 4G
n 253,03091
5 1004 100.00 126.0106 gpektrum s fragmentaci
E 904 l 253.0312
<L
0 12600867
70 56.06
50| 3
50|
401 l 2] 202.1804
i 1
204 185.01204 155.0704
104 109.08345 887 217.05424 14 2241283
124 154 L
- . In [l 1 [l
100 110 120 130 140 150 160 170 180 130 200 210 220 230 240 250 260 04 JJ.J.J__L_.__ .._;LJ.L_ pledt oad bl b i ol L
miz 120 140 160 180 200 220 240 260 280 300 320 340 360

Counts vs. Mass-to-Charge (m/z)
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Necilova analyza/screening
All lon MS/MS

Krok 2: |dentifikace latky 5.5 B oo 55
42: — +EiC:Fr&;E:25,:Efli:i s
« Ve spektru bez fragmentace 4] e s
jsou vyhledany prekurzorove i B T
ionty. &1
1.5
« Z dat s kolizni energii jsou i
vyextrahovane presne hmoty R e s e O i R
fragmentu je MS/MS knihovna. RSB IS (0}
10-- 2 [ +EIC-Frag(126.0087)...
« Koeluce prekurzoru a fragmentu 5 s, e
znazornéna jako koeluc¢ni skoére: . JJ [ +EiCFagRiross
14 E——=)
0.5+ | - 7
0.1~

T T T T T T T T T T T T
265 27 275 28 285 29 295 3 305 31 315 32
Ratio Fragment lon/Precursor lon vs. Acquisition Time (min)
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Necilova analyza/screening
All lon MS/MS

e m— T ——— Vysledky pro 50 nejéast&ji nachazenych

= pesticid(:
“m;l « Zelena = prekurzor + 1 fragment

Imazalil(Il) (Enilconazole)
Imidacloprid

Methidathion
Myclobutanil
Penconazole(l)

i P VétSina latek identifikovana

Pirimicarb
Propamocarb

e (prekurzor + fragment) i na
hladiné 5 pg/kg.

Quinalphos (Diethquinalphione)
Spinosyn A
Spiroxamine

Sulfentrazone
Tebuconazole(ll) (Terbuconazole)

Thiacloprid
Thiamethoxam
Triadimefon
Triazophos
Trifloxystrobin
UriconazoleP(l)
Vamidothion
Zoxamide

Agilent Technologies
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Necilova analyza/screening

Méreni MS/MS spekter All lon MS/MS

v Pfesna identifikace na zakladé v Jednoduché nastaveni metody.

orovnani spekter z knihovny. L. _ o
P P y v Funkéni bez znalosti reten¢niho ¢asu

v Funké&ni bez znalosti retenéniho ¢asu latky.
latky. s . . -
y v' Maximalné automatizované zpracovani
v" ldentifikace latek dosazena obvykle dat (extrakce iontu, koeluéni skore...).
na nizSich hladinach nez v pfipadé All

v Reanalyza dat bez nutnosti nastfiku
vzorku.

v" Funguje i s jednoduchym HRMS (TOF)

lon MS/MS.

v Alespon pfiblizna identifikace i bez
spektra analytu v knihovné (pracne).

x Nepouzitelné bez znalosti presnych
hmot produktovych iontt (knihovna
MS/MS spekter je nezbytna).

x  Komplikovana reanalyza dat, mohou
chybét MS/MS spektra.

x  Obvykle nutné alespon dva nastriky.

Agilent Technologies
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Typy analyz rezidui pesticidu

Cilova analyza:

v’ Struktura

v" Retentni ¢as

v Molekulovy iont (m/z)
v" Fragmenty (m/z)

v Dostupny standard

Analyticky ukol:

Sledovani legislativnich
limitd (MRL)

Instrumentace:

= MS/MS (QQQ)
= HR MS/MS

Necilova analyza/screening Analyza ,,neznamych* latek

v' Struktura

x Retencni Cas

% Molekulovy iont (m/z)
x Fragmenty (m/z)

? Dostupny standard

Analyticky ukol:

Bézné nesledovaneé latky:
Nepovolené, nepouzivané
(staré), nové registrované

Instrumentace:
= HR MS(/MS)

Agilent Technologies

% Struktura

Retencni Cas
Molekulovy iont (m/z)
Fragmenty (m/z)

X X X X

Dostupny standard

Analyticky ukol:

Sledovani necistot ze syntézy
(az 15% hm), degradacnich
produktll nebo metabolitl

Instrumentace:
= HR MS/MS

Garcia-Reyes a spol., TrAC 26 (2008) 828
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Analyza ,,neznamych* latek

1. Analyza metabolitii/degradacnich produktii znamé materské latky

* Produkty metabolismu nebo degradace Ize vypocCitat ze znalosti reakci
(oxidace, acetilace, methylace, hydrolyza, dehydratace, esterifikace...).

« Podobny izotopovy profil jako matefrska latka.

« Stejné fragmenty nebo neutralni ztraty v MS/MS spektrech, jako ve
spektru materske latky.

2. Necilova diferené¢ni analyza
. Nalezeni rozdilu mezi dvéma vzorky nebo dvema skupinami vzorku.

. Porovnani originalniho a falSovaného POR, nebo odhaleni neznamé
kontaminace vzorku.

Agilent Technologies
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Analyza ,,neznamych* latek Q

Analyza metabolitt: Ethametsulfuron-methyl ve vzorku pudy NH‘/<N

« Relativné novy herbicid (2011), mozné pouziti v nékolika statech EU (CZ, HU, IE,
PL, RO, SK), neregistrovany v EU*. P

H;C
x10 & | Cpd 2: Ethametsulfuron-methyl: +ESIEIC(411.1081.. | x40 4 |Cpd 2: Ethametsulfuron-methyl: + FBF Spectrum (it: 6.380, 6.... x10 2 |+ESI Product lon (rt: 6.419, 6.445, 6.474, 6.503 ... min, 7 scans)...
2.3 6.468 225 41 1.01088 N 196.0835
2.24
214 2 0.754
1.754
2+ 0.5-
1.9+ 1.5+
i 195, 0.25- i |
1.7 14 G 04 '
1-;3' 0.751 x10 2 |+ESI Product lon (it: 6.419, 6.445, 6.474, 6.503 ... min, 7 scans)..
1'4 0.54 ] 196.0835
4 0.25- 1
1’;‘ 0 0.5-
1'1 i x10 5 |Cpd 2: Ethametsulfuron-methyl: (M+H)+: +ESI Product lon (rt:... o4 - - ' 1 3 |
1. 5 196.0835 0.5
0.91 1.75- 11
0.8
0.7 1.54 x10 2 |Ethametsulfuron-methyl C15H18N606S + Product lon Frag=120..
0.6- 1.254 1 196.0829
0.5 1
] 0.754
0.4 0.754
0.3 0.5-
1 0.5
02 0.251
0.14 A 0.25- I . ol L
0 0- . N} . 0+ )
6 616263 646566676869 7 7.1 " 100 150 200 250 300 350 400 450 100 150 200 250 300 350 400
Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z)

*) http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=activesubstance.detail&language=EN&selectedID=2083

- Agilent Technologies

L Autorizovany distributor




Analyza ,,neznamych* latek H"

7\
/NH—< o N
H,C N o]
Analyza metabolitu: Ethametsulfuron-methyl ve vzorku pudy w3
g
Vstupni informace: Specializovany software pro predikci o
* VVzorec materske latky metabolitt HeC
« Seznam moznych chemickych T )
rea kCI’ :jdj:::;;ﬁ Name Mass * RT miz Qualified Relevance User Qual. :i::lm'mmcm Phase Count CaEI
v v , - 1 ;ELf\suprnw\Dea\kylmmn | 3680545 2842 3@9{5513 mno Isopropyl Dealkylation | 1
« Data zmérena v HRMS rezimu D s s ‘$:: o
e o P i = =L e
?‘ . Desthylation . 3820700 3.083 ‘m.um 100.0 VI Deethylation | 1 }:
ﬁﬂ!ﬂlﬁlgnfﬂ’a x

TP (C12 H13 N6 06 5)
uuuuuuu d Spectrum (2.768-2.344)

242 Ras Spectrum (2.956)

2105 EEE 3C
425 M

]

254

2254

275

26 28 3 32 34 36 38 sl

225

2

175

Sl Resut = (2] 5[]
x10°

Vysledek:

» Seznam potencialnich metabolit(
(sumarni vzorec, specifikovana
modifikace, reten¢ni ¢as)

Zméreni produktovych spekter
navrzenych metabolit.

L Agilent Technolegies
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Analyza ,,neznamych* latek v

Analyza metaboliti: Ethametsulfuron-methyl ve vzorku pudy w3 p

Neexistuji MS/MS spektra v

knihovné -
rucni identifikace latek!

x10 6

2.2

24
1.8-
1.6-
1.4-

1.2- B

0.8

<
o
g
S
4
[
£
(0]
0.6 l:E
0.4 -
0.24 4.324 /\
0_ —

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 715 8
Counts vs. Acquisition Time (min)
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Analyza ,,neznamych® latek ol

0
Y 1400 ° 0
Analyza metabolitu: Ethametsulfuron-methyl ve vzorku pudy vl g
y)
(0]
O
Ethametsulfuron-methyl —C,H, L
3
x10 4 +ESI Product lon (rt: 2.867-2.924 min, 6 scans) Frag=400.0V (383.0774[z=1] -> **) Exp 2 - Fort 2 aMSMS_2GHz.d
a5 1 168.0518 OH X @
44 N‘< N
NH—</ \N /NH%i N
3.5 / HaC N—< o
HsC N:< ,0 /A
31 v I
/ NH-C NH-S
257 142,0725 i
x10 5 21 0—
4 2 1.54 o
383.0770 C/
3.54 14 199.0059 . 3
34 2 0.5 100.0501 242.0111 300.9141
2.5+ 04 T . . | . |
21 x10 4 +ESI Product lon (rt: 3.230-3.339 min, 8 scans) Frag=400.0V (383.0774[z=1] -> **) Exp 2 - Fort 2 aMSMS_2GHz.d
1&13 2 182.0674 CHs <CH3
0.5 2.5+ o
0 N
26 28 3 32 34 21 4< @—</4\<N
Counts vs. Acquisition Time ( H2N4</ N:< 0o
1.5 154.0360 4< o o O
¥ NH-S
i NA-C 383.0766 6
. o—
031 280.8976 331.5707 365.0635 ‘ @
0-

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Counts vs. Mass-to-Charge (m/z)
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Analyza ,,neznamych* latek

Analyza metabolitu: Ethametsulfuron-methyl ve vzorku pudy

Ostatni identifikované degradacéni produkty:

%10 8 Cpd 8: DP 9: +ESI EIC(142.0723) Scan Frag=40..

%105 Cpd 6: DP 7: +ESI EIC(170.1036) Scan Frag=40..

398 ZH-
P

n,

o

~

M-|—<? vy

H.0 r~|:<
H

N 1.436
54
44
34
24
14
04
06 07 08 09 1 11 12 13 14 15 2
Counts vs. Acquisition Time (min)
%104 Cpd 16: DP 19: +ES| EIC(156.0880) Scan Frag=..
i 2,533
5 ¥ CH-
el
4. 2210 g
M
,.-O
34
"
N
2. H N —* H
=
14 \
HH
0-

1 15 2 25 3 35 4
Counts vs. Acquisition Time (min)

Agilent Technologies

25 3 35 4 45
Counts vs. Acquisition Time (min)

%10 3 +ESI EIC(426.1080) Scan Frag=400.0V Exp 2 -..
1.64 7.379
(0] N NH H
1.4 ~ Y Y 7( ~4
124 | 4
N N o O
14 (0]
0.8 o
0.6 O
0.44 CHj,
0.24
i

H3C. N //O

A

CHjy

69 7 7172737475767.77879 8
Counts vs. Acquisition Time (min)
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Analyza ,,neznamych* latek

Necilova diferencni analyza

Postup:

« Porovnani referencniho (nekontaminovaného) a potencialné kontaminovaného
vzorku.

« Extrakce vSech chromatografickych pikd z obou vzorku (skupin vzorkl) —
.oeak picking“.

« Porovnani vyextrahovanych latek z obou vzorkd a nalezeni rozdilu (t-test,
ANOVA...).

Nalezeny vsechny rozdily mezi vzorky:
 biologicka variabilita

» odliSné podminky pri péstovani

» rozdily vzniklé pfi pfipravé vzorku

Agilent Technologies
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Analyza ,,neznamych* latek

Necilova diferencni analyza

Modelovy priklad:

« Extrakt pomerance rozdélen na dvé poloviny. Jedna polovina kontaminovana
pesticidem cymoxanil (5 ug/kg).

« Kazdy vzorek analyzovan trikrat.

Reference Kontaminovany vzorek
x10 7 +ESI TIC Scan Frag=380.0V Exp 2 - Fort 1 MS_2GHz 01.d x10 7 +ESI TIC Scan Frag=380.0V Exp 2 - Fort 2 MS_2GHz 01.d
591 1 591 1
4 4 V
3 . W\/ ‘ {
24 2- ‘L ‘ b
L k MM el MM
1 14
0 0
1 2 3 4 5 6* 7 8 9 10 11 12 13 6l 7 & 9 10 1 12 13
x10 3 +ESI EIC(199.0826) Scan Frag=3800V Exp 2 - Fort 1 MS_2GHz 01.d x10 4 +ESI EIC(199.0826) Scan Frag=380.08Exp 2 - Fort 2 MS_2GHz 03.d
4 : 4.4 .
Cymoxanil . i Cymoxanil
34 ‘ m/z 199.0826 ) i m/z 199.0826
) ‘
“ “‘ J I | 1 2-
14 | \ 1 ‘
L
0_ | IS | S ) B M Je JeJe 0_ (= N WAVNEVN N A AAA S
33 3.4 3536 373839 4 4142 43 4445 4647 4849 5 5.1 33 3.4 3536 373839 4 4142 4344454647 4849 5 5.1
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)

-5 Agilent Technologies
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Analyza ,,neznamych* latek

Necilova diferencni analyza

1) HRMS data promitnuta ve tfech rozmérech: ¢as x hmota (m/z) x intenzita.
2) Odstranény oblasti neobsahuijici signal.

3) Spojeni souvisejicich iontu (izotopy, rizné adukty, nabojové stavy) do
jednotlivych latek.

Species I RT ‘I\ m/z I; mass I abund. I
M 8.157 308.0829

M+H 8.157 309.0902 308.0829 13529
M+H+1 8.163 310.0931 2876
M+H+2 8.163 311.0878 115

M+NH4 8.163 326.1161 308.0826 6794
M+NH4+1 8.163 327.1187 1461

M+Na 8.157 331.0723 308.0831 3247
M+Na+1 8.157 332.0749 714

2M+Na 8.166 639.1550 308.0833 1134
2M+Na+1 8.163 640.1581 251

Agilent Technologies
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Analyza ,,neznamych® latek
Necilova diferencni analyza

1) HRMS data promitnuta ve tfech rozmérech: ¢éas x hmota (m/z) x intenzita.
2) Odstranény oblasti neobsahuijici signal.

3) Spojeni souvisejicich iontu (izotopy, rizné adukty, nabojové stavy) do
jednotlivych latek.

4) Extrakce jednotlivych latek.

x10 6 +ESI TIC Scan Frag=150.0V Sample 5_Pos.d

7.541 x10-5-|Cpd 558: 19.745: +ESI ECC Scan Frag=150.0V Sample 5_Pos.d
y y
4 TIC 6- Nalezené latky
6.54 ‘ 55
64 B
5.5 ]
54 -
4.5 E
4- -
3.5 } :
34 | 34
2.54 | 2.54
Il | J
1 i I bl L “ H‘ u“ﬁ r ‘,IJWZ'
54 t A i i ‘ it TP 4] Bl i
14 m “ ‘ \ Ph 'u‘u”\f"f“ﬂw‘"mbmﬂ “\,J J‘%MUU‘ 18
054, H/r\—-uawgﬂvhf\\pﬂ,dL‘,JL,.,lljw M“W”\u | ku“‘ 1
0- 0.54

1 2 3 4 5 6 7 8 5 10 11 12 13 14 o
Counts vs. Acquisition Time (min)

7 71 72 73 74 75 76 77 78 79 8 81 82 83 84 85 86 87 88 89 O 9A
Counts vs. Acquisition Time (min)
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Analyza ,,neznamych* latek

ecilova diferencni analyza

VSechny nalezené latky (3687 latek

Mass vs. Retention Time
1200 - 0
1000 — £t ’ T . ,
Latky unikatni pro kontaminovany
800 B R T ,
3 oo vzorek (33 latek
g 600 {iy Ay
2 ::':’ ...3.’"3‘., 33 Beatures present only in Experiment
400 v;;‘:v.:‘ :.;‘ o .iﬁ."‘ 700 ) < T T
200 RO ; “3:".“ ‘.— : } i :
Ypes-) 600 E | !
1 L . i [}
0 ; T T T T 500 } 2 t =1
0 2 4 6 8 10 X = X
RetentionTime (min) é‘; 400 < E . : E E
é 300 === i = = .
200 —i : :
100
N4l L] [ ] 0 :
Pridali jsme pouze : : ; wo
J p Retention Time (min)

JEDEN pesticid!
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Analyza ,,neznamych* latek

Necilova diferencni analyza

Problémy pfi automatické extrakci piku/latek:

Zvyseni faleSné detekovanych piku

Nekompletni separace latek (jedna latka identifikovana jako dve

. . : rizné).

Spatna chromatografie — o

nepravidelné tvary pika. Nespravna integrace.

Malo bod( pres pik. Velké mnozstvi chybégjicich hodnot.
Nedetekovany, pripadné falesny
marker.

Nespravna identifikace (M+Na adukt
muze byt nékdy identifikovan jako
M+H atd.)

Agilent Technologies
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Analyza ,,neznamych* latek

Necilova diferencni analyza 4 N\
" Lo i - - R
B g i g - :.::‘
Hruba Odstranény Spojovani iontd Latky Porovnani latek
data Sum se stejnym RT \ve skupinéch/

T Cilova extrakce latek

« Extrakce latek z HRMS dat.

« Porovnani vSech latek pfes nékolik vzorkl, spojeni latek se stejnym RT a
hmotou — odstranéni faleSné pozitivnich pikl, kontrola identifikace
jednotlivych ionta.

« Vytvoreni seznamu latek a opétovna (cilova) extrakce ze vSech dat —
odstranéni faleSné negativnich (chybéjicich) pikau.

Agilent Technologies
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Analyza ,,neznamych* latek

Necilova diferencni analyza

VSechny nalezené latky (2459)

Mass vs. Retention Time

E=H ! , Latky unikatni pro
| | STEE | : kontaminovany vzorek (1)

.
S =
Iu-- neses

800
g 600 1 Beatures present only in Experiment
2 i I I i I I
400 204 f : : f : i
] i i ] i i
200 : H H : H H
2ot} | | | | |
0 . = | i i i i i
0 2 4 6 818 200 : : : : ! |
Retention Time (min) ;‘ i i i i i i
o i ; ; ! : :
£ 100 | | | | :
| i i | \ i
196§ ; ; ; ; ;
! ! ! | ! !
i i i | 57 :
x10 4 +ESI EIC(199.0826) Scan Frag=380.0V Exp 2 - Fort 2 MS_2GHz 03.d ! ! | id: 2282
414 ] T T T nurn:2 of B, 3 present
I Cymoxanil 41 412 4.13 file:Exp 2 - Fort 2 MS_2GHz 01_1 417
44 /7 199 0826 RetentionTin ooy p:Experiment
34 H m/z : mass: 198.0759
5 [ i 4135
abund: 153368.00
14 414
0 A y: 198.08
—_—n = 0.00
3334 3536373839 4 4142 4344454647 4849 5 51

Counts vs. Acquisition Time (min)
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Analyza ,,neznamych* latek

Necilova diferencni analyza: Realny priklad falSovani POR

x10 7 |+ESI TIC Scan Frag=360.0V 2014-07-02 ESI+ Vzorek 2 02.d

|

/ Uginna latka

|
Originalni pfipravek /MN

i |

| ﬁ )

1 2 3 4 5 6 7 8 9 10 11 12
Counts vs. Acquisition Time (min)
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Analyza ,,neznamych* latek

Latky unikatni pro

Necilova diferencni analyza: Realny priklad falSovani POR bodezfely vzorek

{\
Test statistické vyznamnosti: Latky unikatni pro -
. p<0.01 ] originalni vzorek 2
« foldchange log2 = 4.0 (rozdil intenzit \
latky mezi skupinami musi byt
minimalné 16x). : g
Statisticky vyznamné - B
‘v s . e
odlisnych bylo urceno 1951 | : "o
latek z plvodnich 2454. |
1904 latek unikatnich pro : . i »
podeziely vzorek! o (8] 2"

log2(Fold change)

pair | [2] Vs [1]

Agilent Technologies
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Analyza ,,neznamych* latek

Necilova diferencni analyza: Realny priklad falSovani POR

Latky unikatni pro falSovany vzorek

1904 Features present only in Experiment

1200
v
-
1000 A -
© . . .
L .
* .
.
800 1 . 3 . <
. o %
3 Pd o . o’
a . : o o L 3
e v o * D
w 600 A . g . s
% ] a m"’ o(.. Y
= 2 L o° ) 2 oo ¢
400 NP S PR SO : =———
i o . .
‘:)« .0 .V " 1 . ’ ’..
. L s ]
Pl IS
- o.
200 e : -
x10 4 |+ESI Scan (rt: 9.355-11.405 min, 1179 scans) g=360.0V 2014-07-02 ESI+ aMSMS Vzorek 2 - Metoda 1 - 10eV.d
0 - - . . - : - ; - - - . - - :
244
0 2 4 6 05 121.0509
Retention Time (min) '2
1.84
758.2224
S / N 610.1846
144 ' 832.2411
FalSovany vzorek
/4 . 1.24
obsahoval polymer na bazi i
08 536.1657

ethylenglykolu

0.6+
0.4+
0.2+

1056.2949

0
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Counts vs. Mass-to-Charge (m/z)

1200 1300 1400 1500 1600 1700
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Zaver

Hmotnostni spektrometrie je velmi u€inny nastroj pro Siroké spektrum
analytickych ukolu, ALE pro dosazeni vysledku je potreba:

« Software: HRMS analyzatory generuji obrovské mnozstvi dat =
kvalitni software, ktery umozni najit (rychle) v datech potrebné
informace je naprosto nezbytny.

 Knihovny MS/MS spekter: Bez standardu je pro identifikaci
analytt nutna knihovna MS/MS spekter.

« Analytik: musi zvolit vhodnou cestu k dosazeni vysledkda (MS/MS
nebo All lon, apod.), musi spravné vyhodnotit a interpretovat data.
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