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Decrease detection limits
EU Baby Food Directive 1999/39/EEC (2003/13/EC)

Increase methods scope (target screening)
Include new registered pesticides and their toxic
metabolites

Introdu ce non-target screening | 3
lllegally used pesticides

Increase analysis speed

Reduce analyses cost

%




The number of analyte /
matrice combinations (scope)

Cost / affordabillly  re——
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Simple , but of #& % # %

Narrow Scope #&
(persistent: OCs)

Expanded scope (to cover more compounds )
but VERY COMPLEX due to poor selectivity
and specificity. ofi iInstrumentation

Simplicity,
Streamlining,
Cost Reduction
Miniaturization,
Automation

1960 1970 1980 1990 2000 2010
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Low limits of detection

Good accuracy
Req'lz ments High degree of confirmation
Robustness

Short analysis time

FURTHER
FEATURES ) Broad MRM scope

REQUIRED Affordable cost
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"( % & -$ &%, : dirty matrix introduction injector - DMI
' (""&%%, . - orthogonal chromatography - ’

- low pressure chromatography - LP-GC

-& &%, :time-of-the-flight mass analyzer -
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evaporation /concentration

89 -

evaporation/concentration , solvent exchange
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[~ / : per 12 samples + 6 matrix-matched std. }




> # "$ #&H# 3" -

89 :-

10rgrsample=ToNmIEVIECNIIY HAC )
addimiernal’standara MeCN forms a strong portion
4'gMgS0, + 1.6 g NaAc.3H,0 with water by adding salt(s)

ShHakeVigereusiyAoF i

centriiuge fors mintat 11,000 rpm

895,'< )

10l aifo 20 Mixing the sorbent with the extract
to retain matrix interferents,
but not analytes

apjigifticle for 2 e el 000 raf

S.J. Lehotay et al. (2005) J. AOAC Int. 88, 615-629
(slightly modified - higher rpm for centrifugation )

[=I - 12 samples + 6 matrix -matched std. }




Unavoeidably , Some matrix cCompoenents arne

always left In purified extract
- - ?

" (SEMI)VOLATILES A

Possible interferences with target  analytre nnnr
accuracy , false negative / positive results
Improve GC resolution
Improve MS resolution h S
\_ /

NON-VOLATILES

Long -term stability of analyte s signal
might be impaired ( method robustness)
improve injection technique



10 5 - < ’
#& %" # . H& #

Gas chromatography : GCxGC

Mass spectrometry : TOF-MS
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Mass Upper Mass Maximal Linearity Instrumental  Estimated
Analyser Mass Resolution  Acquisition (Orders of LOD Cost (K )

Limit Rate® Magnitude)

(Da)
Quadrupole” 1050 unitmass  15.3scanss " 6 pg (fgin SIM)  60-100
lon trap™ 1000 unitmass 56scanss’ 5 ng 60-100
HsTOF" 1000 unitmass 500 spectras ™ 4 g 170-220
HRTOF™ 1500 7000 fwhm 20 spectras® 4 fg—ng 190240
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First published GC-MS data were collected
by GC-TOFMS (Gohlke, Anal. Chem. 1959)

Limiting factor for routine use of TOF:
unavailability of fast detector electronics

Development of fast electronics COMEBACK of TOF

In recent years several vendors came up with commercial TOF
systems (Brucker, Applied Biosystems, Waters - Micromass,
Thermo, Leco, Agilent)
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(1) Formation of fragmentions in

the ion source (El, ClI, FI)

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

(3) Energy focusing using
reflectron (ions with higher
energy penetrate more deeply
inside it)

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

Reflectron
gooooa [] 1
0
gooooa [g 2
ANALYZER

Multi channel
plate detector

Pusher

lon source
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# A, BAC "

Abundance
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- g #
- exact mass measurement - - fast, ultra fast GC
- conventional and fast GC -GC x GC

3 - 4 "

) Permanent acquisition of full mass spectra

m Absence of spectral skew (deconvolution function)

m) High mass analyser efficiency up to 25% (compared
to 0.05% for the quadrupole) over the mass range
of a 500 amu
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Example: TIC chromatogram of a pesticide standard mixture

Zoom of
25 s section
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Automated peak finding
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Software detects peaks at individual masses and
determines the Unique mass for each peak
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Spectrum from N crcrence
/ peak apex

v
v

/

Tolylfluanide, match 736

Deconvoluted spectra

v

N

Penconazole, match 956

*

Library

Library
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Detection / identification / quantification of very narrow
peaks difficult — not enough data points per peak
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<40 T YFast TOF

: 3

" 10 spectra/s
¢ 250 spectra/s

Relatively narrow linear range — saturation -
of TDC by co-eluting matrix components "‘
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18
4 overlapping peaks

resolved
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2nd dimension

MW

1st dimension

Modulator

1st Dimension 2nd Dimension

Typically narrow bore non -polar column Typically microbore polar column
(30m~ 0.25mm I.D.” 0.25 pum film) (Im” 0.1 mml.D.” 0.1 um film)

e —
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Modulator cuts slices of first column efluent (several times per
peak)

Cryogenically refocused samples transferred are onto the 2nd
column

On second column flash separation occurs

MODULATION

(cryogenic l l
focusing) a A

2nd column efluent

1st column 'efluent
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consisting of

(10ml/min pumping capacity )
# IH;G
secondary oven +
%' # J#H %" #&
hot jets: resistively heated air

cold jets: cooled nitrogen
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Example F 67 >

Full mass spectral information
available at low levels more
reliable identity confirmation

%

. H

II

NIST
library
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Example :

15 - dichlorvos
In purified apple extract, 10 pg injected

Deconvoluted spectrum —
4- - K
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Hit Name Reverse CAS
Phosphoric acid, 2,2- NPT L L

1 (dichlorovinyl dimethyl ester 940 62—73—%
Phosphoric acid, 2,2-dichlorovinyl

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

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

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

5 |dimethyl ester 700 62-73-7

C dichlorvos

reliably identified and quantified

5 (hydroxymethyl)
2-furaldehyde

/
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Hit Name Reverse| Similarity | CAS
1l #!1% $ HF/ HP2l |10265-92-6
2|Phosphoramidothioic acid, O,S-dimethyl ester ( maiib ) 829 823 0-00-0
3|Phosphoramidothioic acid, O,S-dimethyl ester 829 82430265-92-9
4|1H-Pyrrole, 2,3-dimethyl- 818 656 600-28-2




, $'& %
$ #H&H#
8/G$ J #%9

=

=

=

Hit Name Reverse| Similarity | CAS
1| $ # 810 744 30560-19-
2|Acephate 821 738 30560-19-
3|Acephate ( mainlib) 804 734 0-00-0
4|Acephate 804 734 30560-19-
5|Disulfide, ethyl 1-methylethyl 697 573 53966-36-

NJ
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Case 1 peak of pirimiphos-Me (m/z 290)

%& $ D

modulated into 2 segments of

I & Intensity
Case 2 peak of lindane (m/z 181) modulated into 2 segments - one being
significantly higher
/5 15
para- analyte | noise analyte | noise | ##&
meter peak peak
Case 1 | high* 56000 2200
C
area 29561 28657
? 3001 /Hol 2> | HH|| FoB
Width * 3.5s 0.2s
Case 2 | High** 14000 12000
C
Area** | 83207 71326
? 300 | Fol 30 | FGG|| HoA
Width* 4s 0.1s

* width at baseline, ** peak hight of the highest modulate

of modulated peaks

d peak, ** summed area
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9 (Ug/ kg) PESIERE Mz oise SN “ noise S/N “

15 > & %1% % 94 400 437 || 60 28 1

by factor % & 109 3000 24 g 50 261 o1

$ # 136 400 25 g 40 30 1

1 AG A 125 1000 62 f 60 40 o2
% 181 1000 164 ,p 30 66 GoH

& & 144 1200 37.2 1o 50 78 ol

% & 168 600 352 pgg; 40 34 oA

PROBLEM: & 272 210 295 .. 20 45 oA
$&19$ 290 300 248 40 225 101

late eluting broad &% & 197 200 47 ag2 40 30 0B
peaks of pyrethroids $& % 96 3000 17 p 80 71.25 goB

4 * %@ 202 300 433 1@

6 - 7 segments Py 149 600 6 g 40 75 g

Ipeak % 241 200 135 ;g 30 106 A

% " 241 200 102 g 30 5 o

high LODs % " ~ 272 150 19 ;3 30 6 BoA

$ 182 400 10.7 12 40 8 102

58 $ & # 173 250 13 . 30 73 g

$&#& M 183 400 6.7 9B 30 83 oG

$&I#& M 183 400 10.7 q» 30 25 I

% #!#8& MM 181 300 35 A 20 S /GG

* 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
& # #H1# 1$

Task: identify & quantify pesticides contained in sample

No information about target analytes
provided in advance

150/ GC amenable pesticides; searnched




Chromatogram of tomato sample

Analysis time: 25 min



Contour plot of tomato extract
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Automated peak finding at S/N
level =20

A4

Mass spectral deconvolution

A4

Comparison of deconvoluted
mass spectra with NIST library

\ 4

|dentification of peaks based on
library match

\ 4

% HE& #

Operator’s job

4

Sorting of identified peaks
according to ,Formula“ field

4

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

potential pesticides

peaks found
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GCxGC provided the same number of identified pesticides

SIHH W0

& &*&E& T YN

as one dimensional pocedure,

Not found:

o oxydemethon -Me

 imidacloprid

e acrinatrin

These pesticides

were not present in
the used library

version nor in

- 150

" "#$ 1#%

# #$& HH#
& $$ #%$ 1%%
' $ $ 1&"
% 1& I# I
$ &'
" #% I &
! % 1%! %S!
# #% " I

1% 1%’

standard mixture

"%!
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GCxGC

INCREASED PEAK CAPACITY, SEPARATION OF COMPLEX

MIXTURES POSSIBLE
THE RISK OF BIAS DECREASED
DETECTION LIMITS (SIGNAL / NOISE RATIO) IMPROVED

STRUCTURED CHROMATOGRAMS OBTAINED,

FAST TOF-MS

FULLY AUTOMATED SEARCH FOR TARGET ANALYTES

POSSIBLE
EFFECTIVENESS OF - - IMPROVED






More interested in food analysis innovations...?

3rd International Symposium on

RECENT ADVANCES IN FOOD ANALYSIS

7- 9 November, 2007
Prague, Czech Republic

Official website
>>>0 0

INSTITUTE OF
CHEMICAL TECHNOLOGY

PRAGUE International Association

of Environmental Analytical
Chemistry



