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�� DecreaseDecrease ddetectionetection ll imitsimits
EU Baby Food Directive 1999/39/EEC (2003/13/EC)EU Baby Food Directive 1999/39/EEC (2003/13/EC)

�� Increase Increase methodsmethods sscope (target screening)cope (target screening)
Include new registered pesticides and their toxicInclude new registered pesticides and their toxic
metabolitesmetabolites

�� IntroduIntrodu cece nonnon --target screeningtarget screening
Illegally used pesticides

�� Increase Increase analysisanalysis speedspeed

�� ReduceReduce analysesanalyses costcost
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CostCost / / affordabilityaffordability

TheThe numbernumber ofof analyteanalyte / / 
matrice matrice combinationscombinations ((scopescope ))
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SimpleSimple ,, but of but of 
narrow scope narrow scope 
((persistentpersistent OCsOCs))
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Expanded scope (to cover Expanded scope (to cover more more compoundscompounds ))
butbut VERY COMPLEXVERY COMPLEX duedue toto poor selectivity poor selectivity 

and specificity and specificity ofof instrumentationinstrumentation
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Simplicity, Simplicity, 

Streamlining, Streamlining, 
Cost ReductionCost Reduction
Miniaturization, Miniaturization, 

AutomationAutomation

MRM Evolution...�"�#�&���%"��"�#�&���%"��"�#�&���%"��"�#�&���%"��"�#�&���%"��"�#�&���%"��"�#�&���%"��"�#�&���%"� !�#��%�!�#��%�!�#��%�!�#��%�!�#��%�!�#��%�!�#��%�!�#��%� ��������
���#�&����#�&����#�&����#�&����#�&����#�&����#�&����#�&�
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FURTHER  FURTHER  
FEATURESFEATURES
REQUIRED REQUIRED 

RequirementsRequirements

��� ���� � Low limits of detectionLow limits of detection
��� ���� � Good accuracy Good accuracy 
��� ���� � High degree of confirmationHigh degree of confirmation
��� ���� � RobustnessRobustness

�� Short analysis timeShort analysis time
�� BroadBroad MRM scopeMRM scope
�� Affordable costAffordable cost
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�� '"�(���(!�('"�(���(!�( :: �
������� �����)�� *������������ '(��+ QuEChERSQuEChERS

�� '"�(���% &!,-$�&%, '"�(���% &!,-$�&%, : : dirtydirty matrixmatrix introductionintroduction injectorinjector -- DMIDMI

�� '�("!"&%, '�("!"&%, : : -- orthogonalorthogonal chromatographychromatography -- �
�
 ´́ �
�


-- lowlow pressurepressure chromatographychromatography -- LPLP--GCGC

�� -�&��&%, -�&��&%, : : timetime --ofof --thethe --flightflight massmass analyzeranalyzer -- ��	��	 �� ������
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�������� evaporationevaporation // concentrationconcentration
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�������� evaporation/concentrationevaporation/concentration , s, solventolvent exchangeexchange
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~ /;��/;��/;��/;�� per 12 samples + 6 matrix-matched std.



10 g sample + 10 10 g sample + 10 mLmL MeCN:1% MeCN:1% HAcHAc

add internal standardadd internal standard

4 g MgSO4 g MgSO 44 + 1.6 g NaAc.3H+ 1.6 g NaAc.3H 22OO

centrifuge for 5 min at 11,000 rpmcentrifuge for 5 min at 11,000 rpm

shake vigorously for 1 minshake vigorously for 1 min

mix for 20 smix for 20 s

centrifuge for 2 min at 11,000 rpmcentrifuge for 2 min at 11,000 rpm

1 1 mLmL of the upper layerof the upper layer

50 mg PSA + 150 mg MgSO50 mg PSA + 150 mg MgSO 44

S.J. S.J. LehotayLehotay etet alal . (2005) . (2005) J. AOAC J. AOAC IntInt .. 88, 61588, 615––629629
((slightly modified slightly modified –– higher rpm for centrifugationhigher rpm for centrifugation ))

8�9�8�9��:�-
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-�������������,
MeCN forms a strong portion 
with water by adding salt(s)

88���� 9�9�5��,�-��<�5��,�-��<� �� �,��,�
Mixing the sorbent with the extract 

to retain matrix interferents, 
but not analytes

=/��=/�� -- 12 samples + 6 matrix12 samples + 6 matrix --matchedmatched stst d.d.
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��� ���� � (SEMI)VOLATILES(SEMI)VOLATILES
Possible interferences with target Possible interferences with target analytesanalytes �������� poorpoor
accuracyaccuracy , , falsefalse negative / positive negative / positive resultsresults

��� ���� � ImproveImprove GC GC resolutionresolution
��� ���� � ImproveImprove MS MS resolutionresolution

��� ���� � NONNON--VOLATILESVOLATILES
LLongong --term stability of term stability of analyteanalyte ss signalsignal
mightmight bebe impairedimpaired ( mmethodethod robustnessrobustness)

��� ���� � improveimprove injectioninjection techniquetechnique

UnavoidablyUnavoidably , , somesome matrixmatrix componentscomponents are are 
alwaysalways leftleft in in purifiedpurified extractextract
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min10 11 12 13 14 15 16 17 18 19

5 Hz

0

5000

10000

15000

20000

25000

30000

 ECD1 A,  (CHMEL9\BLCHST14.D)

(A) (B)
(C1)

(C2)
(D1)

(D2)

 ECD1 A,  (CHMEL9\NPDSTD2.D)
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�� GasGas chromatographychromatography : : GCxGCGCxGC

�� MassMass spectrometryspectrometry : TOF: TOF--MSMS

10�10�5���-���
��<�����,�5���-���
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Mass 
Analyser 

Upper 
Mass 
Limit 
(Da) 

Mass 
Resolution 

Maximal 
Acquisition 
Rate(V) 

Linearity 
(Orders of 
Magnitude) 

Instrumental 
LOD 

Estimated 
Cost (K � ) 

Quadrupole(I) 1050 unit mass 15.3 scans s–1 6 pg (fg in SIM) 60–100 

Ion trap(II) 1000 unit mass 5.6 scans s–1 5 pg 60–100 

HSTOF(III) 1000 unit mass 500 spectra s–1 4 pg 170–220 

HRTOF(IV) 1500 7000 fwhm 20 spectra s–1 4 fg–pg 190–240 
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��	��	��	��	��	��	��	��	 �������� �������������������������������� �&�%�#����&�%�#����&�%�#����&�%�#����&�%�#����&�%�#����&�%�#����&�%�#��� ��%��%��%��%��%��%��%��% �"&&��#�"&&��#�"&&��#�"&&��#�"&&��#�"&&��#�"&&��#�"&&��#
#&��%����#&��%����#&��%����#&��%����#&��%����#&��%����#&��%����#&��%���� !���!���!���!���!���!���!���!��� �$��#&�!�#&��$��#&�!�#&��$��#&�!�#&��$��#&�!�#&��$��#&�!�#&��$��#&�!�#&��$��#&�!�#&��$��#&�!�#&�

�� FirstFirst publishedpublished GCGC--MS data MS data werewere collectedcollected
by by GCGC--TOFMS (TOFMS (GohlkeGohlke, Anal. Chem. 1959, Anal. Chem. 1959))

�� LimitingLimiting factorfactor for for routineroutine use use ofof TOF:TOF:
unavailabilityunavailability ofof fastfast detectordetector electronicselectronics

�� DevelopmentDevelopment ofof fastfast electronicselectronics �� COMEBACK COMEBACK ofof TOFTOF

In In recentrecent yearsyears severalseveral vendorsvendors camecame upup withwith commercialcommercial TOF TOF 
systemssystems ((BruBrucckerker, Applied , Applied BiosystemsBiosystems, , WatersWaters -- MicromassMicromass, , 
ThermoThermo,, LLecoeco, , AgilentAgilent))
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(1) Formation of fragment ions in 
the ion source (EI, CI, FI)

�/� Ion source
(3) Energy focusing using 

reflectron (ions with higher 
energy penetrate more deeply 
inside it)

�0�

Reflectron

(4) Formation of secondary 
electrons from ions using multi 
channel plate detector (MCP) 
and detection of “ion events”
using converter (TDC, ADC)

�1�
Multi channel
plate detector

(2) Ejection of a part of focused 
ion beam into a mass analyser
using pulsing electrical 
gradient oriented orthogonally 
to the ion beam (oa-TOF) �2�

ANALYZERANALYZER

Pusher
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5.00 6.00 7.00 8.00 9.0010.0011.0012.0013.0014.0015.0016.0017.0018.0019.00

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

5000000

5500000

6000000

6500000

7000000

7500000

Time-->

Abundance

TIC: F05.D

  5.86

  6.10

  7.27

  7.57

  8.03

  8.21

  8.97

  9.03

  9.58
  9.70

 10.20

 10.87

 11.06

 11.42

 12.52

 12.87
 13.94

 14.31

 14.89

 15.23

 15.62

 18.79

5.00 6.00 7.00 8.00 9.0010.0011.0012.0013.0014.0015.0016.0017.0018.0019.00

120000

140000

160000

180000

200000

220000

240000

260000

280000

300000

320000

340000

360000

Time-->

Abundance

TIC: F06.D

  6.18

  7.29

  8.06

  8.23  9.03

  9.61

 10.23 10.87

 11.42

 12.53

 12.92
 13.98

 14.33

 14.89

 15.23

 15.62

6.00 7.00 8.00 9.0010.0011.0012.0013.0014.0015.0016.0017.0018.0019.00

100000

110000

120000

130000

140000

150000

160000

170000

180000

190000

200000

210000

220000

Time-->

Abundance

TIC: F07.D

  8.07

 12.55

10 10 ngng

1 1 ngng

0.1 0.1 ngng

0.01 0.01 ngng


�����# A;BA�C  "�� ���� ,����"������ ��	���

��
For For tracetrace levelslevels ������
!�%�!�%� isis necessarynecessary

PesticidesPesticides stdstd ..
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Permanent acquisition of full mass spectraPermanent acquisition of full mass spectra

Absence of spectral skew Absence of spectral skew (deconvolution function)

HighHigh mass analyser efficiency mass analyser efficiency upup to to 25% 25% (compared
to 0.05% for the quadrupole) over the mass range
of a 500 amu

�-���	�-���	
-- exact mass measurementexact mass measurement
-- conventionalconventional and fast GCand fast GC

 ��# ��# ��	��	
-- fastfast , ultra , ultra fastfast GCGC
-- GC x GC GC x GC 

::: :



ExampleExample: TIC : TIC chromatogramchromatogram ofof a pesticide standard a pesticide standard mixturemixture

Zoom of
25 s section

,��D,��D,��D,��D,��D,��D,��D,��D  ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�! � � � � � � � � 
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&�
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Automated peak finding

,��D,��D,��D,��D,��D,��D,��D,��D  ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�! � � � � � � � � 
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&�



Software detects peaks at individual masses and
determines the Unique mass for each peak

,��D,��D,��D,��D,��D,��D,��D,��D  ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ��%��� ����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�!����&�#�! � � � � � � � � 
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�&�!���	
�� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&��� #>�&�
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#���� �"���%�#���� �"���%�#���� �"���%�#���� �"���%�#���� �"���%�#���� �"���%�#���� �"���%�#���� �"���%� ��%��%��%��%��%��%��%��% $������@���$������@���$������@���$������@���$������@���$������@���$������@���$������@���

SpectrumSpectrum fromfrom
peakpeak apexapex

Tolylfluanide, match 736 Penconazole, match 956

DeconvolutedDeconvoluted spectraspectra

Library
Library

interferences
interference
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� Detection / identification / quantification of very narrow 
peaks difficult – not enough data points per peak

� Relatively narrow linear range – saturation 
of TDC by co-eluting matrix components

,��D,��D /AG�/AG� !�!�
>�%�>�%� �#�# #��#�� *���*���

““��<���4��6��<���4��6 FastFast TOFTOF
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2 2 secondsseconds

18

4 4 overlappingoverlapping peakspeaks
resolvedresolved
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�� Modulator cuts slices of first column Modulator cuts slices of first column efluentefluent (several times per (several times per 
peak)peak)

�� Cryogenically refocused samples transferredCryogenically refocused samples transferred areare onto onto thethe 2nd 2nd 
columncolumn

�� On second column flash separation occursOn second column flash separation occurs

� �� �� �� �� �

1st column 1st column efluentefluent

MODULATION

(cryogenic 
focusing)

2nd column 2nd column efluentefluent

��#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#�����#�& ����8!�%"��#�&9� "��#���



;�4
�	����*��>���
2������?�����

w = 4.8 s, ����E�H�/

1D-GC1D-GC

With
out

modulatio
n

w1 = 0.2 s, ����E����E����E����E����E����E����E����E 2F2F2F2F2F2F2F2F �/�/�/�/�/�/�/�/

GC´́́́ GCGC´́́́ GC

Afte
r

modulatio
n

55555555 �#��#�*���#��#��#�*���#��#��#�*���#��#��#�*���#��#��#�*���#��#��#�*���#��#��#�*���#��#��#�*���#� �!$&�.�!��#�!$&�.�!��#�!$&�.�!��#�!$&�.�!��#�!$&�.�!��#�!$&�.�!��#�!$&�.�!��#�!$&�.�!��#

ExampleExample ::



��$�&�!��#�����#��$�&�!��#�����#��$�&�!��#�����#��$�&�!��#�����#� ���"$"$"$"$

�
��
�
��
 ���� ��	��	 �� ������

,����"��F5)���
�,����"��F5)���
� , , 

consistingconsisting ofof

��	��	 �� �����
��,����"����������
��,����"�����

(10ml/min (10ml/min pumpingpumping capacitycapacity ))


�����#
�����# IH;G���
IH;G���


secondarysecondary ovenoven + + 

%"��%"�� �#����#��� �� J�#�J�#� !�%"��#�&!�%"��#�&

hothot jetsjets : : resistivelyresistively heatedheated airair

coldcold jetsjets : : cooledcooled nitrogennitrogen
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,��D,��D  ��% ��% ��%��% �$��#&���$��#&�� %����.��"#���%����.��"#���

Example �� 
�

F���67���� ��
>����� �����
�	 �4��
��

Full mass spectral information
available at low levels ���� more more 
reliablereliable identity identity confirmationconfirmation

NIST 
library



/5���/5���/5���/5���/5���/5���/5���/5��� 15����#�!15����#�!15����#�!15����#�!15����#�!15����#�!15����#�!15����#�!

/5���,
-
����/5���,
-
���� �� dichlorvos
in purified apple extract, 10 pg injected

Deconvoluted spectrum –
�����4-
-���
�
��K�����4-
-���
�
��K�����4-
-���
�
��K�����4-
-���
�
��K
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ExampleExample ::



15���,
-
���� C dichlorvosdichlorvos
�������� reliablyreliably identifiedidentified andand quantifiedquantified

5 (hydroxymethyl) 
2-furaldehyde

Hit               Name Reverse CAS 

1 
Phosphoric acid, 2,2-
dichlorovinyl dimethyl ester 940 62-73-7 

2 
Phosphoric acid, 2,2-dichlorovinyl 
dimethyl ester 729 62-73-7 

3 
Phosphoric acid, 2,2-dichlorovinyl 
dimethyl ester 707 62-73-7 

4 
Phosphoric acid, 2,2-dichlorovinyl 
dimethyl ester 704 62-73-7 

5 
Phosphoric acid, 2,2-dichlorovinyl 
dimethyl ester 700 62-73-7 

 



Hit Name Reve rs e S imilarity CAS
1 ��#�!�%�$��� HF/HF/HF/HF/ H2IH2IH2IH2I 10265-92-6

2 Phos pho ramido thio ic  ac id, O,S-dime thyl es te r ( mainlib ) 829 823 0-00-0
3 Phos pho ramido thio ic  ac id, O,S-dime thyl es te r 829 82310265-92-6
4 1H-Pyrro le , 2,3-dime thyl- 818 656 600-28-2
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Hit Name Revers e S imilarity CAS
1 
��$��#� 810 746 30560-19-1

2 Acephate 821 738 30560-19-1
3 Acephate  ( mainlib ) 804 734 0-00-0
4 Acephate 804 734 30560-19-1
5 Dis ulfide , e thyl 1-me thyle thyl 697 573 53966-36-2
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Case 1 peak of pirimiphos-Me (m/z 290) modulated into 2 segments of
��!���&��!���&��!���&��!���& intensity
Case 2 peak of lindane (m/z 181) modulated into 2 segments - one being
significantly higher

Case 2
C
���
��?�����

Case 1
C
���
��?�����

15/5

0.1 s4 sWidth*

FGGFGG
732683207Area***

H0AH0A30

12000

FI0IFI0I300

14000High**

0.2 s3.5 sWidth *

2865729561area
F0BF0BHHHH25

2200

/H0I/H0I300

56000high*

������
��!��#�
 ��#�&

������noiseanalyte
peak

������noiseanalyte
peak

para-

meter

* width at baseline, ** peak hight of the highest modulate d peak, *** summed area 
of modulated peaks

���&����%���&����% ��#����#��� ������%�&��$��D���#����#��� ������%�&��$��D�



/5/5/5/5� ��� 15151515���� 
pesticide 

 
m/z 

noise  S/N ��5��5��5��5 ���� noise  S/N ��5��5��5��5 ����
!�#��!�%�$���� 94 400 43.7 III I� ��� 60 28 1111����
%�����&.��� 109 3000 24 /G/G/G/G���� 50 261 G01G01G01G01����

���$��#�� 136 400 25 /G/G/G/G���� 40 30 1111����

%�!�#���#�� 125 1000 62 FFFF���� 60 40 /02/02/02/02 ����
���%���� 181 1000 16.4 /A/A/A/A� ��� 30 66 G0HG0HG0HG0H����

��&*�&��� 144 1200 37.2 I0BI0BI0BI0B ���� 50 78 G0IG0IG0IG0I ����
!�#�����&*� 168 600 35.2 B0/B0/B0/B0/ ���� 40 34 /0A/0A/0A/0A ����
��$#�����&� 272 210 29.5 ;;; ;� ��� 20 45 /0A/0A/0A/0A ����

$�&�!�$������� 290 300 24.8 /G/G/G/G���� 40 22.5 101101101101����

����&$�&� ��� 197 200 47 A02A02A02A02���� 40 30 /0B/0B/0B/0B ����
$&���!�%���� 96 3000 17 /A/A/A/A� ��� 80 71.25 G0BG0BG0BG0B����

#���*��%�@���� 202 300 43.3 101010102222 ����   ����
��$#��� 149 600 6 2G2G2G2G���� 40 7.5 BBBB����

��%��"� ����� 241 200 13.5 /H/H/H/H���� 30 10.6 AAAA����

��%��"� ������ 241 200 10.2 1F1F1F1F���� 30 5 /G/G/G/G����
��%��"� ����� F� 272 150 19 /2/2/2/2� ��� 30 6 B0AB0AB0AB0A����

$��������� 182 400 10.7 12121212���� 40 8 I02I02I02I02 ����

$&�$�&��#�� 173 250 13 /;/;/; /;� ��� 30 7.3 BBBB����
$�&!�#�&����M� 183 400 6.7 2B2B2B2B���� 30 8.3 2G2G2G2G����

$�&!�#�&�����M� 183 400 10.7 12121212���� 30 25 /G/G/G/G����

 

%��#�!�#�&��MM� 181 300 3.5 /AG/AG/AG/AG ���� 20 5 /GG/GG/GG/GG ����
 

��5���5� ((ugug/kg)/kg)
���15����15� ��>�&��>�&

by by factorfactor
1�1� �� AG�AG�

PROBLEM:

late eluting broad
peaks of pyrethroids

� 6 - 7 segments
/peak

� high LODs

* estimated from the analysis of peach matrix-matched standard at 50 mg/ml for both techniques
** estimated from the analysis of peach matrix-matched standard at 100 mg/ml for both techniques
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Example

������ ,&� �������,&� ������� ���#�����#�� #�!�#�#�!�#� ��!$����!$��

� TaskTask :: identifyidentify && quantifyquantify pesticidespesticides containedcontained in in samplesample

No information about target analytes
provided in advance

150 GC 150 GC amenableamenable pesticidespesticides searchedsearched
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Chromatogram of tomato sample

Analysis time: 25 min



Contour plot of tomato extract

Analysis time: 25 min
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Sorting of identified peaks 
according to „Formula“ field

Looking for compounds with Cl, 
Br, P, S, N in the molecule = 

potential pesticides

peaks found

Automatically by the ChromaTOF
software

Operator´s job

Automated peak finding at S/N 
level =20

Mass spectral deconvolution

Comparison of deconvoluted
mass spectra with NIST library

Identification of peaks based on 
library match
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Not found:

• oxydemethonoxydemethon --MeMe

•• imidaclopridimidacloprid

•• acrinatrinacrinatrin

These pesticides
were not present in 
the used library
version nor in 
standard mixture
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GCxGC provided the same number of identified pesticides
as one dimensional pocedure, 
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GCxGC

���� INCREASED PEAK CAPACITY, SEPARATION OF COMPLEX INCREASED PEAK CAPACITY, SEPARATION OF COMPLEX 
MIXTURES POSSIBLEMIXTURES POSSIBLE

�������� THE RISK OF BIAS DECREASEDTHE RISK OF BIAS DECREASED
�������� DETECTION LIMITS (SIGNAL / NOISE RATIO) IMPROVEDDETECTION LIMITS (SIGNAL / NOISE RATIO) IMPROVED
�������� STRUCTURED CHROMATOGRAMS OBTAINED, STRUCTURED CHROMATOGRAMS OBTAINED, 

FAST TOF-MS

� FULLY AUTOMATED SEARCH FOR TARGET ANALYTES FULLY AUTOMATED SEARCH FOR TARGET ANALYTES 
POSSIBLEPOSSIBLE

�� EFFECTIVENESS OF EFFECTIVENESS OF ������������������������ �������� �
-�����
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-�����
-�������
-�����
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-�����
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-������ IMPROVEDIMPROVED
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�� Interlaboratory validation
might be a real problem…..
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