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Outlook

¢ Classical Multiresidue Methods (MRMS)
» Evolution
» Limitations and Expectations

¢ Original QUEChERS-Method
» Strategy of Method Development (Background Info)

** Recent Developments in QUEChERS Methodology
» pH-Adjustment (during extraction, in final extracts)
» Improved Selectivity (extraction, cleanup)
» Expanded Matrix Spectrum (dry food, fatty food)

** Experiences of its Implementation in the Lab

** Method Validation
» EU-Proficiency Tests (incurred and fortified residues)
» Inter-laboratory Ring Tests



Pesticide Residue Analysis:

Sample Processing

Sample Preparation
Multi- and Single-Residue Methods

|

Measurement

Data Processing




Multiresidue Methods (MRMS):

Aim of MRMSs:
Cover as many pesticides as possible from a single sample
portion employing a single sample preparation procedure

But, still
more than one determinative analysis run
IS required to cover all analytes of interest
with sufficient selectivity and sensitivity...

The broader the spectrum of analytes covered by the MRM,
v The less additional methods are required to cover all analytes
v The more efficient and economical the analysis

» Less time, personnel, materials...
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Intermediate \

Expanded scope (to cover polar OPs)

Very complex since determ. analysis instr.
of poor selectivity and specificity
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Novel
Simplicity,
streamlining,
cost reduction
miniaturization,
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MRM Evolution:

"Technical Development
always follows the way from the Primitive
via the Complicated
to the Simple ..”

Antoine de Saint-Exupéry (1900-1944)



Factors that pushed the Developm. of New Approaches

Environmental, Health-Related and Economic Factors

= Need to Assess Risks for Humans
and Environment

I Need to Improve
Productivity and Sample Throughput

& to Reduce TAT and Costs

GC/ITD MSD, I\/IS MS, TOF, PTV
&LC/MS, MS-MS, TOF
sSelective” detectors ECD, NPD, FPD ==

1960 1970 1980 1990 2000 2010




Typical Classical MRM

Weigh sample (e.g. 50 g)

Add acetone and blend
Filter by suction

Add non-polar solvent (and salts),
perform (multiple) partitioning

Dry and filter organic phase

Evaporate

Reconstitute, perform GPC cleanup
Evaporate

Perform fractionated cleanup on silica

Evaporate

Transfer fractions in GC-Vials ANy SIS

by GC-ECD, FPD, NPD



Pesticides and Co-extractives...

Amino acids
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Scope and performance of classical MRMs

Strepto- <
mycin
7.5 YL Silica
-0.9 -5.7 Probil.

LGw GC-Problems
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Quats
--2.8
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Typical inefficiencies of classical MRMs

Main Drawbacks

arge Sample-Sizes
“Macro-Approac
Limited Scope
(polars...)

Analysts Exposure

to Solvents

Limited LC
Too Many Amenability

Complicated
Steps

consequences

Wasteful:
Solvent & Material

Critical for
Environment
& Health

Time-Consuming
Troublesome Expensive
Unpopular

Error-Prone

Too many
Additional Methods
required



Sample Processing

Sample Preparation
has traditionally been

the BOtteneC k

of Pesticide Residue Analysis

!

Measurement

|
<>

Data Processing



Desirable Characteristics of MRMs

Fast (as Few Steps as Possible)
m Easy to Perform
® |[nexpensive
= | ow Solvent Consumption
m Safe for Personnel and Environment
m Selective
= Rugged and precise

= Achieve Good Recoveries for a Broad Analyte Spectrum
» Thus Reducing the need to run Single (-Group) Residue Methods

Community Reference Laboratory
QR L'S R M Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 using Single Residue Methods



http://www.pesticides-online.com/

Some Novel Sample Preparation Techniques

* Focusing on Automation
= SFE
= PLE

* Focusing on Automation and/or Miniaturization
= SPME/SBSE
= MSPD

* Focusing at Simplification of Classical Methods
= SPE of water-diluted extracts

» Partitioning on Macroporous Sorbents
* QUEChERS

R L S R M Community Reference Laboratory
Q . = e A Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 ' e using Single Residue Methods



QUECHhERS - Original-Method

Weigh 10 g of Sample (50 mL Teflon-Tube)

Add 10 mL Acetonitrile

Shake Vigorously 1 min
Add 4 g MgSO, and 1 g NacCl

Shake Vigorously 1 min
Add ISTD-Solution
Shake 30 s and Centrifuge
Take Aliquot and Add MgSO, and Sorbent(s)

Shake 30 s and Centrifuge Anastassiades et al
(Add “Analyte Protectants” , adjust pH)
JAOAC Int. 86 (2003) 412-431

E.
it
o

GC-MS (and LC-MS)

C R L S R M A Community Reference Laboratory
> 2 /_‘ ) . Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 A : : using Single Residue Methods



Procedure In Pictures —
1. Initial Extraction Step

Shake Intensively

for 1 min

R L S R M Community Reference Laboratory
C - Pesticide Residues

6 ; . . .

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 Q" using Single Residue Methods



Procedure In Pictures —
2. Extraction/Partitioning Step

P E—
(Pre-)Weigh

§ 49 MgSO, +1gNaCl

111111
63135 i sU atean Y

Add to the Tube

Shake Intensively

for 1 min

(; R L S R M 4 Community Reference Laboratory
. Pesticide Residues
e WO g irt, 06/12/2006 "*g‘/ : using Single Residue Methods




Procedure in Pictures —
3. Addition of ISTD and Centrifugation

o _J

i I Add ISTD
A - Shake for 30 s
o I
 —

. Centrifuge (ca. 5 min)

- Separated Raw Extract

I—

Community Reference Laboratory

Pesticide Residues
-!,:NA" ’ using Single Residue Methods

CRL-SRM

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 #




Procedure in Pictures —
4. Dispersive SPE Step

(Pre-) Weigh
MgSO, and PSA

Add Extract to Tube

and Shake ca. 30 s
—_—

Nach dem
Zentrifugieren
Acetonitrilphase

PSA +
Magnesiumsulfat

R L S R M Community Reference Laboratory
C Pesticide Residues
1st Joint CRL-Workshop - Stuttgart, 06/12/2006 #“" ‘ using Single Residue Methods



Time Consuming, Complicated or
Error Prone Steps of traditional MRMs

Simplified Alternatives

Use of Ultra-Turrax during Initial Extraction

Shaking

Filtration

Centrifugation™

Multiple LL-Partitioning Steps
and Isolation of Entire Extract

77 Y

SiaglesPartitioning (“ On-Line-Appteach”)
Take Aliquots (Use'ISID) &

Use of a Lot of Glassware

Extragtion/Partitioningiin Single*¥essel

Evaporation/Reconstitution

Large Volume IQjection;.Sensitive Instr.

Trad. Cleanup w. Columns (SPE, GPC)

Dispersive SPE

Sample Processing/Homogenization

=Goal achieved: Simple and Streamlined MRM

No Way Around this!!

* Few working steps,
e Convenient to perform

 Low Material- and Solvent consumption


http://www.lightingfacts.com/light bulb.JPG
http://www.pesticides-online.com/
http://www.microsoft.com/msft/images/question_mark.jpg

Strategies In the Development
of the QUEChERS-Method

STREAMLINED AND
SIMPLE...

ECONOMICAL...

FIT FOR PURPOSE...



http://www.indofinechemical.com/images/beaker.jpg
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Method Development - Aspects Considgjr.

= |nitial Extraction & Extraction/Partitioning Step Z#&#
> Choice of Extraction Solvent and Sample/Solvent Ratio
» Sample Amount
» Blending Vs. Shaking (Incurred Residues)

» Influence of Sample pH on Recov. (lonization, Degradaton)
» Type and Amount of Salts Used to Induce Phase Separation
» Selectivity (Gravimetric Anal. of Extracts, GC-Interferences)
» Use of ISTD (Check that Recovery-Correction is minimal)

= Cleanup (Dispersive SPE)
» Type and Amount of Sorbent and MgSOQO, ‘
» Selectivity (Gravim. Anal. of Extracts, GC-Interferences)

= Instrumental Analysis
> Matrix Effects (Influence of Cleanup)
» Use of “Analyte Protectants”



http://www.indofinechemical.com/images/beaker.jpg

Method Development —
Choice of Acetonitrile as Solvent

M Selective (Few Co-Extractives but still broad pesticide Spectrum covered!
M Compatible with LC- and SPE-Applications

M Not Chlorinated

M Miscible with Water (Good for Initial Extraction)

M Separ. from Water-Phase by Salt-Add. (No Non-Polar Solv. Needed)

M Easier to Remove Water (with MgSO,) than from Acetone

D!fflCUlt 10 Eyaporate But PTV with Solvent Venting
High Expansion Volume could be used

Not Compatible With NPD

Not Compatible with GPC (But, Lipid-Co-Extraction is Low)

Low Lipid Solubility
» Losses of non-polar pesticides (Recov. consistent at same Lipid/solvent ratio)
» Accessibility problems of pesticides enclosed in Lipid particles (Ultra Turrax)

Rel. Toxic (But, Method Performed in a Closed Vessel, thus minimal exposure




Method Development —
Acetonitrile vs. other Solvents

Residual co-extracted matrix components in mg/mL

3,90
300 1—

Extracts of a
Mix of Fruits and vegetables
20  1— using QUEChERS

2,00

1,50
1,00
0,50

For More Details and Comparison with EtAc , Acetone (see AOAC publ.)




Method Development —
Sample Amount and Sample/Solvent Ratio

Sample Amount: 10 g
Miniaturization improves efficiency
» Less material consumption

» Reduced costs

Important:

» Good homogenization is needed (e.g. use of dry ice)
Studies: Acceptable variations for 10 g subsamples using cryogenic milling

Sample:Solvent Ratio: 1:1 (w/vol) » gives 1g/mL

= Still good recoveries of incurred residues (polar and non-polar)
= No evaporation of final extract necessary...
» 1g/mL is enough when using modern instruments (PTV in GC is better)

: Community Reference Laboratory
CRL-SRM -4,

Pesticide Residues
1st Joint CRL-Workshop - Stuttgart, 06/12/2006 using Single Residue Methods




Method Development -
MgSO, / NaCl 4:1 for the Partitioning Step

= Many Salts tested
_ l+ 2 g NaCl
= MgSO, gave best salting-out of ACN Y ‘

and Best Overall Recoveries +1 g NaCl
(especially for polar pesticides)

_ +0.5g NaC
= However: too much water in ACN- ugiuf___l_

Methamidophos
Rec. 80-45 %

extractives (e.g. Sugars) GC-Degradant of Fructose

phase and too many Polar Co- HVIE
used as indicator }

= NaCl Addition increases Selectivity Y T————
: |
Less Water (and Sugar) in ACN-Phase 49 MgSO4  Rec. 95_10% %

=>NaCl is used to Control Selectivity ﬂ +0g NaCl | !

Community Reference Laboratory
QR L'S R M j | Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 using Single Residue Methods




Method Development -
MgSO, / NaCl 4:1 for the Partitioning Step

Extraction of Honey (5g/10 mL MeCN)

Partitioning with 4g MgSO, Partitioning with 4g MgSO, + 1g NaCl
(Original QUEChERS)

] Raw Extract [] After PSA

]
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=» NaCl reduces the amount of co-extracted matrix

R L S R M : Community Reference Laboratory
Q? - - , Pesticide Residues
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Method Development —
Shaking vs. Blending

Advantages
v" No Exposure to Metal Surfaces

v' Can Be Done by Hand and in Parallel
v No Cleaning of Jar and Blender Between Samples
v No Carry Over Between Samples
v Only One Container necessary

v Safer (Closed Vessel)

v' Less Noisy than Blending

v No Frictional Heat
- May be less reproducible that blending

Pesticides from Fruits + Veqg.: Ultra-Turrax usually not necessary

=» Checked with Incurred Residues (Cryogenic milling)



Method Development -
Dispersive SPE for Cleanup

= Advantages over classical SPE with Cartridgeé‘"'*
M No SPE Manifold, Vacuum/Pressure,
M No Conditioning,
M No problems w. Channeling, Flow Control, Drying-Ouit,
M No Elution Step Needed,
M No Add. Vessels for Eluent Collection,

M No Dilution of Extract —

_ Erdbeer- gereinigter

M No Evaporation,
M Less Sorbent Needed, -
M Faster and Cheaper, “_“‘J‘é::ﬁi‘.‘f’"
M No Experience Needed. |

When “Chemical Filtration” is needed

=> “Dispersive SPE” is a serious option



Dispersive SPE —Removal of Co-extractives

PSA Cleanup and effect on pH

=
o

9
8
7
6
5
4
3
2
1
0]

No PSA PSA 25 mg/mL PSA 50 mg/mL

I Amount of Co-extractives in the extract (mg/kqg)

—&e— pH of Acetonitril Extract

Drawbacks: Solutions:
PH goes up (degradation risk) » Addition of Acids (see later)

Matrix-Induced Analyte
Protection in GC reduced > Addition of Analyte Protectants



Impact of Matrix-Effects
~Matrix-Induced Peak Enhancement”



~Matrix-Induced Peak Enhancement Effect"”

GC-Capillary

M€ Active Sites (on Surface of GC-Liner & Column)
(Siloxanes & deposited non-volatile matrix-co-extractives)

Analytes (interact with Active Sites which causes...)

» Unwanted Retention/Tailing

» Quasi-catalysed degradation (susceptible compounds)
(in Excess)

» Bloc active sites and protect analytes




Analyte: Atrazine ; Matrix:

RT= 8,80 min
30000 ﬂ WITH Matrix co-extractives
oo, / (Strawberry-Extract)
20000 WITHOUT Matrix co-extractives
(in pure solvent)
1RI000 e.g. Calibration standard
10000 RT= 8,92 min
» Stronger Tailing
>000 J Wpexﬁhift towards longer RTs!

0
8.70 8.75 8.80 885 890 895 9.00 9.05 9.10 9.15 920 9.25 930 9.35 940 9.45

%@ Matrix-Induced Peak Enhancement
e Peak-Areas: ~ 1,5D = OVERESTIMATION OF RESULTS!
» Peak-Heights: ~ 4:1
* Peak-Width (at half height): ~ 1:3




Analyte Protectants
Principle

» Protection Cleaned-up Extract + AP L

Standard
+ AP

Raw Extract Addition of

,Analyte

PSA Protectants’
cleanup ' (AP)

Cleaned up
Extract

Standard in Pure Solvent

Analyte Protectants Reduce:
Analyte Interactions with Active Sites
and thus Errors Related to Matrix-Induced Peak Enhancement in GC




Analyte Protectants-
Reduction of Matrix Induced Enhancement Errors

Errors eliminated if: Response in Matrix/Response in Solvent ~ 1

coumaphos

azinphos-methyl

imazalil

endosulfan |

psponse in|Matrix

cyprodinil

fenthion | , sponse in Solvent

dichlofluanid

carbaryl

omethoate

o ' | S
chlorpyriphos | : Overestimations
metalaxyl | 110 when using
inclozoli i
vinclozolin | . Standards in Solvent

acephate

mevinphos

methamidophos

0,00

AP was added to both :
Sample Extract and Calibration Standard (in pure Solvent)




Analyte Protectants — Examples

» Various Compounds Tested for “Protective Potential”.
» Best Protection : Polyhydroxy-Compounds (sugars, ~derivatives)

/\
Examples: O Y ©
pH

Ethylglycerol 0 o

O—I o—| HO OH
Sorbitol O-Gulonolactone

Give broadly eluting peaks = protection over a wide volatility range

R L S R M Community Reference Laboratory
C;G - Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 using Single Residue Methods



Analyte Protectants-
Desirable properties

% Strong interactions with active sites (H-Bond activity) ', |

s Simmilar volatility to analytes to be protected (so that
protection extents during entire run)

s Soluble in sample extract

* Not accumulating in GC-system

** Not reactive with analytes (not inducing their degradation)
* Minimal interference with analyte detection (small m/z)

** Not deteriorating GC-column separation performance

“ Cheap and not hazardous

R L S R M A Community Reference Laboratory
Q? " s ,ﬁ - Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 ' - using Single Residue Methods



Active Sites Active Site durch AP

AP- abgeschirmt
Elution-Band g

"e-.

Pesticides




Protected peaks remain sharp

GC-Elution flow

Unprotected peak becomes broader




QUEChERS
New Developments

R L S R M A Community Reference Laboratory
Q) " s ,ﬁ - Pesticide Residues
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QUECHhERS — Further Improvements
Some Issues Addressed

* pH-ISssue
» Stability of pH-labile Compounds
» Recoveries of lonizable Compound

e Selectivity Issue
> Of Extraction/partitioning @

» Of Cleanup
»Lipids, Sugars
» Chlorophyll, Carotenmds

» Fatty Commodities
» Dry Commodities




The pH Issue

» Recoveries of lonizable Compounds
» Stability of pH-labile Compounds
» Selectivity of Extraction (see later)

IIIIIIIIlIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIII|IIIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIIII|IIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIII
C; R L S R M A Community Reference Laboratory
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pH-Issue — lonization of Pesticides

Some pesticides get ionized at low or high pH-values
Acids: HX S H + X

Bases: B+ Ht* & BH*

= lonic form prefers to stay in the water phase

pH-Range of agricultural
samples: ~25-7




Pka-Values of Acidic and Basic Pesticides

99)
Acids

pKa = pH above which
compounds lay In
deprotonized form

OPP
2.4-08 I ]
loxynil _
vcPP I—
MCPA _
2.4-0 I Y

Clopyralid _
Dicamba _

Nitenpyram ]
Prochloraz _
Carbendazim NI F]
Thiabendazolc INIEG—— 5
cyromazine N R

Imazalil

Bases
pKa = pH below
which compounds lay
INn protonized form

In traditional methods, using non-polar solvents, pH-adjustment
1-2 units > or < PKa is recommended for guantitative recoveries

Fenpropimorph
Propamocarb



Basic Pesticides — Not affected!

pKa = pH below which the compound
lays primarily in its protonized form

Propamocarb
Imazalil
Prochloraz
Thiabendazole

Carbendazim

I —
|
e
Fenpropimorph —_—
e |
Spiroxamine E—
U 20 40 60 80 100 120
Commodity: Apple; Recovery %

Fortif. Level: 0.1 mg/kg;
Analysis: LC-MS/MS; ESI (+)



- - - pKa
Basic Pesticides and pH pH below which the compound

lays predominantly in its
protonized form

pH adjusted pKa=4.7 pKa = 6.3

with H,SO,
%0
pH4 | 8 | 90 | 738 | 94
pHS | o6 | 84 | 84 | 8
pHe | 10s | o0 | ou

Despite theoretically unfavourable pH, the basic pesticides still
prefer to partition into the MeCN phase.

Effect of pH on Recoveries (%)

Possible Reason:
After partitioning ACN still contains a considerable amount of water



Acidic Pesticides — Recovery-Drop at pH 6

LC-MS/MS, ESI (-), No PSA Cleanup
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pH-Issue - Labile Compounds

Some Pesticides degrade at high or low pH-values!

 Inthe sample (processing, storage)
» Keep low temperature

During sample preparation
» Work fast, adjust pH
» Use frozen samples for analysis

MgSO4 + Water = Heat

> Keep low temperatures, adjust pH

SPE with PSA = Extract pH > 8




Optimal pH for QUEChERS ?

Goals: Relevance:

o Still good recoveries for the Strongest Acids Extraction
dicamba, 4-CPA, clopyralid... (pH < 5.5) Step

o Still good protection for Base-Sensitives
tolylfluanid, dichlofluanid, captan, folpet, Extraction Step
dicofol, pyridate... +

- : ; .. Extract St
Still good protection for Acid-Sensitives xiract Storage

sulfonylureas, pymetrozine, carbosulfan,

dioxacarb...
R L S R M d"é Community Reference Laboratory
Q g n o Pesticide Residues
R WOt Gart, 06/12/2006 % 97 . 4&’ using Single Residue Methods



pH Adjustment in Extraction Step '? ;
pe

Various Buffers tested

Compromise: Citrate Buffer at

» 4 g Magnesium sulphate an
» 1 g Sodium chloride (still ke

D)H 510 5.5
nydrous,

ot for better selectivity),

» 1 g Trisodium citrate dihydrate and
» 0.5 g Disodium hydrogencitrate sesquihydrate

v Good recoveries even for most acidic pesticides (dicamba ....)

v Acceptable recoveries for base- and acid-sensitive pesticides

v Impoved Selectivity (less co-extractives from acidic samples)

v No negative effect on PSA cleanup (unlike Acetate Buffer)



Problem: Tedious Weighing of Salts...
Solution: Rapid & Easy Portioning by “Sample Dividers”

~ Also suitable to
portion the
sorbents for

dispersive SPE...

» Some companies offer ready-to-use mixtures for QUEChERS
Partitioning Salts and Dispersive SPE Mixtures



Need to Adjust pH In Final Extracts

Goal: Avoid degradation of Base-labile
compounds in final extract.

Also the case for:

[ 7 days dichlofluanid,
Il 13 days
captan,
folpet,
dicofol,
pyridate

pH 7 pH 8
Measured pH in extract

Addition of formic acid (5% in ACN):
» 10 pL per mL extract brings “pH” to ~5



Sulfonylureas, Rec.in% Primisulfuron-Methyl

Carbosulfan 100

(7 Days Storage
13 Days Storage

-

40

" lel

0-

pH4 pHS5 pH6 pH7 pH8 pH9 MeCN
Pure

80

acid labile... .

Measured pH of Extract

Rec. in % Carbosulfan
120

If these 100
compounds are 80
Included In the 60
target spectrum 40
use an aliquot of 20

the final extract A— :les' H6 ©oH7 pHE pHo MeCN
befo re aCIdIfylng Measured pH of Extract Pure

17 Days Storage _
[ 13 Days Storage




Improving Selectivity

» At Extraction/partitioning Step
o pH
% Salts

» At Cleanup Step
¢ Lipids, Sugars
¢ Chlorophyll, Carotenoids



Role of pH in the Selectivity of Extraction/Partitioning

Influence of pH in the Amount of Co-Extractives
Red Currant (pH adjusted wth NaOH)

81

Raw Extracts
before Cleanup

4,2

i
E

9
8
7
6
5
4
3
2

:
:
5

The higher the pH the less co-extractives...




Role of pH in the Selectivity of Extraction/Partitioning Step

Comparison of QUEChERS-Modifications

Original QUECHhERS Citrate-Buffered Acetate-Buffered
,_ SamplepH 2.8 L SamplepHS.%H:839 ,_oample pH 5.1 :
pH=748 | ng
L 7 7 + 1
a 6 o 6 *ToH=s0 pH=51 py=s g’
[ 5 ?*_" 5
b o 6 6
- 4 4 T+ 4

0 t 0 0 t 0 0 t t 0
Raw Extract PSA 25 PSA 50 Raw Extract PSA 25 PSA 50 Raw Extract PSA 25 PSA 50
mglml mglml mglml mglml mglmlL maglmlL
==mg co-extractives/imL Extract ==mg co-extractives/imL Extract == g co-extractives/mL Extract

g ) H —p ) H == H

© Buffering to pH ~5 reduces amount of acidic co-extractives

® Acetate buffer negatively affects PSA cleanup efficiency



Selectivity of Cleanup
More than 50 SPE Sorbents and freezing-out tested!

Mainly removed.

< Amino-Sorbents, Alumina:

Losses of
acidic pesticides

«» Carbon-based Sorbents: Losses of
planar pesticides

%+ Reversed-Phase Sorbents: No losses
observed

* Freeze-out:
No losses

observed




o =fi <

Use of Carbon Sorbents

@ PSA not satisfying when
high contents of
carotinoids or

<= Carbon Sorbents more Effective
Many tested, GCB (Graphitized Carbon Black) was best in handling
- Used in combination with PSA at small amounts

- Cleanup time (shaking) extended from 30 s to 2 min

@ Small GCB amounts are difficult to handle ...
< Pre-mixtures GCB/MgSO, (powder) facilitate weighing



Problems with GCB:

Planar pesticides have a high
affinity towards GCB
e.g. hexachlorobenzene,
chlorothalonil, thiabendazole

~————

But chlorophyll has higher affinity than all pesticides

< Final extract should remain slightly coloured!!

Anthracene may be used as surrogate QC standard.

Recoveries > 70% will indicate that no unacceptable
losses of pesticides have occurred.
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Removal of co-extractives from
Whole-Wheat flour

-
6
5
il
3
2
1
O

§ ]



Scope and Pereformance of QUEChERS

.................. w D-SPE (PSA) “‘;V R ‘ Ph t t
ytostero
A [ 85115

2555
Pyrethroids (~45
3.8-8.3

OCs (~20)

3.5-7.0
Ureas (~ 30)

cidic Pesticides (~40
H dependent

Strepto-
mycin 1.6 -5.9
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QUEChERS- Multiresidue-Method

Weigh 10 g of Frozen Sample )
Changes introduced
Add 10 mL Acetonitrile to the method.

Add ISTD-Solution The method

Shake will become

Add 4 g MgSO, / 1 g NaCl / Citrate Buffer official CEN method
(pH 5-5.5)

Shake & Centrifuge Optionally:
Acidic Pest. by LC-MS/MS
Mix an Aliquot w. MgSO, & Sorbents, freeze-out

Shake & Centrifuge Optionally:
SUs by LC-MS/MS
Acidify extract to pH ~5
to protect base-sensitive pesticides

Optionally: Add other “Analyte Protectants” Multiresidue Analysis
b 4 Y by GC-MS, LC-MS ...




Broaden matrix spectrum

Dry commodities (cereals, dried fruits) Fatty Commodities
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Broaden matrix spectrum —
Dry Commodities

E.g. cereals, dried fruits

» Water-Addition prior to extraction

» to weaken interactions of pesticides with
matrix and to ensure adeguate partitioning.

Sample amount is reduced and water is brought to 10 mL

Co-extracted fat removed by freezing out or C18,
If necessary....



Dry Commodities < =

Sample type Water | Annotation
Fruit/VVegetables 10 g -
(water >80 %)
Fruit/Vegetables 10 g Xg |X=10g - water
(water 30-80 %) amount in 10 g sample
Cereals 50 10 g
Dried fruits 50 8.5 g |Add water to
comminute, weigh
13.5 g of homogenate
Honey 5( 10 g
Spices 20 10 g
Community 'R'eferenc.e Laboratory
GRUSRM e 4 L



Broaden matrix spectrum —
Fatty commodities

Commodities with a high lipid load, such as
avocados or plant oils can be employed.

Problems:

» Co-extracted lipids should be removed
prior to GC-analysis

» Highly non-polar pesticides -
may give recoveries < 70% (e.g. HCB and DDT) “\ L

» Accessibility of residues may be limited (Ultra Turra o




Recoveries of pesticides in high fat samples

)
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g Oil / 10 mL ACN

Dieldrin
Endosulfan
Carbaryl
Fenthion
Diazinon
Trifluralin
Malathion

Values in
absense of
water

HCH, gamma-
Chlorpyriphos
Deltamethrin
Cypermethrin

Pirimiphos-methyl
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Chlorpyriphos-methyl

PCB 138 or 153 may be used as surrogate QC standards
Rec. > 70% will indicate that no unacceptable pesticide losses occurred

The tolerable lipid-amount depends on the selection of pesticides to be covered
e.g. for HCB 0.4 g lipids are still OK (>70% rec.), for DDE 1 g, for Endosulfane 5 g
(NOTE: In presence of water (ternary system) values are different, less lipid is tolerable)

Compromise for Oil samples: 2 g oil + 10 mL ACN
« HCB and DDE give recoveries <70%...
 but equilibrium is defined and recovery-correction is justified




Cleanup of Fermented Tea
extracts

Removal of Black-Tea Co-extractives
200 g Tea/ml solvent

g ™\

Recoveries of
Methamidophos

88 CaCl, removes more water
from the extract than MgSO,,.
Thus interctions with the
sorbent (H-binding, ionic)

become stronger
\_ > Better Cleanup results /

5 8 888

©
|

z
E
g
g
£
&

Problem with CacCl,: recoveries of polar pesticides drop

= If polar pesticides are not of interest CaCl,/ PSA is a serious cleanup option




Release of covalently bound phenoxy-
acids by alkaline cleavage

Alkaline Hydrolysis for the release of phenoxy-acid pesticides

wheat sample

T AL/0°C At Room Temperature
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Impact of QUEChERS-Implementation

v More time for instrumental analysis

v More time for QA/QC (incl. validation)

v Broader analyte spectrum

v Higher sample throughput and turnaround time
v Less solvent consumption

v Less lab space needed (hoods are empty)

v’ Sample preparation more pleasant

R L S R M A Community Reference Laboratory
Cl - = ); = Pesticide Residues

.’-‘.‘_v - - -
1st Joint CRL-Workshop - Stuttgart, 06/12/2006 = using Single Residue Methods






Reduction of Solvent Consumption

15.000 € savings in 1 year

just for solvent !!
mL Solvent/Sample (for ca. 2000 samples)

more pesticides than Becker

including basic & acidic pesticides,
but low recoveries for very polar ones

Many more pesticides covered

330

Other solvents

Organochlorine solvents

Becker, S-8 Becker, Mini Specht, S-19 CVUA-Method QgEChERS
up to 1990 1990-96 1993-96 1996-2002 since 2002



“Mass Migration” of Personnel

1995 2000 2003
traditional MRM optimized trad. MRM QUuUEChERS

2.5:3.5
o 2:6.5

' = Personnel working in
Instrumental Analysis

"= Personnel working in

Sample Preparation



MOre findingS. i

In 2004:
200 Pesticides
In Total

(CVUA Stuttgart)

FI‘UItS\ . N . . \ N . ‘\ n N N
Vegetables\ \L” L L \L” \ L” L \ L” \L‘ \ L” N
,:,-;f;%,,k 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
('“”é@r :E/:ﬁ Nr. of different pesticides detected in fruits and vegetables



Participation In
EU-Proficiency Tests
using the QUEChERS-Method



Using QUEChERS in EU - Proficiency Tests

Original Original Citrate- Citrate-
T OUEChERS —  QuEChERS— Buffered——Buffered——
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Using QUEChERS in EU - Proficiency Tests

Unknown Pesticides and Unknown concentrations
Participants: 100-130 EU-Official Labs

Results:
v All 57 identified (100%)

v 95% (54/57): within +/-30% from median concentration
v 82% (47/57): within +/-20%
v 53% (30/57): within +/-10%
v'On average +8% above the median
200 2003

: uﬂﬁ t@r‘ )
(¢

2004




QUEChERS
Inter-Laboratory Validation Studies

R L S R M P Community Reference Laboratory
Q - - %f y Pesticide Residues
4’;—--

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 A e using Single Residue Methods



GC-MS and LC-MS/MS Inter-Laboratory Validation Study (GDCh

Mean Recovery RSD (%) Nr. of Laboratories reported results (n=5 each)
P ., o= d @ (= > o= o= a" 2 = P (= = n" P = o =
esticide Name g o 9 i o 2 3 © g i o o g @ 9 8 @ 2
o = = = = o = = = = o = = = =
= = £ £ g g o = £ £ g 5 o = £ £ g 5
< < - i [=] S < < - 9 [=] S < < - i [=] S
Azoxystrobin GC 97% 104% 105% 105% 108% 112% 4% 9% 7% 1% 14% 7% 3 3 3 2 3 3
arpynmos ] o o o o ] ] o ] ] ] ]
Chlorpyrif 5C 104% 104% 105% 104% 104% 105% 3% 7% 5% 6% 5% 5% 9 9 il ] B ]
Cyprodinil GC 101% 101% 103% 102% 100% 95% 3% B% 7% 7% 5% B% 7 7 G 53 B 53
Dimethoat GC 7% 103% 109% 97% 99% 94% 8% 13% 8% 14% 21% 7% 4 4 3 2 3 3
Fenhexarnid GC 83% 86% 78% 79% 90% S0% 2% 1% 15% 20% 12% B% 5 5 3 2 4 4
Imazalil GC 102%  100% 101% 104% 102% 98% 8% 4% 7% 8% 8% 4% 5 4 4 3 4 4
Kresoxim-methyl GC 104%  102% 105% 108% 104% 103% 5% 9% 6% 4% g% 7% g g 7 7 7 7
larnbda-Cyhalothrin GC 105% | 124% 101% 115% 105% 119% 8% 14% 7% 13% 10% 15% ] ] 8 7 B 8
Wetalaxyl o o 100% 106% 105% 99% 100% 7% 9% 5% M% 6% 2% 7 7 6 B B 5
Wy clobutanil 106% 104% 106% 103% 101% 7% 13% 5% 4% B% 4% 8 8 7 7 7 7
Penconazol G ‘ 107 % 103% 104% 103% 102% 2% 12% 5% 4% 5% 4% ] ] 7 7 7 7
Pirimicarb 97% 104% 104% 97% 98% B% 4% 3% 4% 5% 3% 5 5 5 5 5 5
Procymidon o e 104% 10 8
Propyzamid GG 106% 105% 10 7
o «| = wx of Mean | Orange | Orange | Apple | Apple | Lettuce | Lettuce :
Pytimethanil GC 101% 102% 10 7
Quinoxyfen GC 102% 102% 10 7
o | we o 025 | 0025 | 0.25 | 0.025 | 025 | 0.025 | :
Thiabendazol 5C 57% 88% 5 2
Mean Recovery GC 99% 102% 100
Acetamiprid LG+ ] 99% 99% 94 9
Azowystrobin LG+ | 102% 101% 10 ReC . 4
Carbendazim LG+ 92% 92% 91 " 9
S il o e s 101% | 100% | 105% | 102% | 100% | 100% ;
Fenhexarnid LCH] 79% 78% 7 9
Cyprodinil LC (+| 100% 98% g 7
Imazalil Il 97% 1NN% a RS D . 9
Kresoxim-Methyl % 10 . 3(y 4(y 8(y 9(y 5(y 30/ 4
Metalasyl LC (+) % 10 0 0 0 0 0 0 B
Methamidophos % a1 9
MWethiocarh % 10 9
Wy clobutanil LC(# ] 100%  101% 97% 96% 101% 101% B% 2% 4% 5% 5% 4% 5 5 5 5 5 5
Penconazole LC(# | 100%  102% 98% 98% 100% 57% 3% 5% 3% 5% 6% 5% B B 6 B B B
Pirimicarb LC{H]| 97% 99% 94% 95% 99% 96% 4% 5% 5% 8% 3% 3% 7 7 7 7 7 7
Proparmocarh LCH] 83% 84% 86% 83% 80% 79% 8% 5% 9% 1% 5% 7% 9 9 9 9 9 9
Propyzamid LG+ ] 99% 100% 102% 95% 102% 965% 2% 3% 6% 4% 1% 7% 4 4 4 4 4 4
Pyridaben L] 101%  103% 100% 97% 104% 110% 3% 5% 4% 5% 9% 7% 4 4 4 4 4 4
Pyrimethanil LG+ ] 99% 102% 95% 95% 100% 95% 3% 3% 4% 9% 2% 7% 7 7 7 7 7 7
Quinoxyfen LCH] 99% 97% 93% 98% 103% 100% 9% 1% 4% 5% 14% 1% 2 3 3 3 3 2
Tebufenozide LCH]| 103%  101% 101% 98% 102% 99% 5% 4% 5% 5% 5% B% 9 9 9 9 9 9
Thiabendazole LCH] 93% 94% 89% 57% 91% 57% 5% 7% 5% 3% 5% 9% ] ] 9 ] El ]
Mean recovery LC (1) ORL a7y 95% 94% 97% 94% 5% 5% 6% 7% 5% T
24D ¥ 102% 98% 100% 96% 2% 4% 10% 13% 7% 2% 4 4 4 4 4 4
Bromoxynil L‘ - Y 105% 101% 98% 57% 1% 3% 5% 5% 5% 4% 4 4 4 4 4 4
Fludioxonil ¥ 108% 103% 101% 98% 3% 2% 8% 7% 4% 2% 4 5 4 4 5 4
Lufenuran | ceni g e s 1% 1065% 105% 101% 107 % 5% 7% 5% 12% 4% 7% 3 3 3 3 4 3
Mean recovery All 101% 100% 105% 102% 100% 100% 3% 4% 8% 9% 5% 3%




» »
-
=1010] =100 Ci U o 0 U [ U U U [J
Mean Recovery RSD (%) Nr. of Laboratories that reported results (=5 each)
= = - = - s = = = - | s = = = -
< = = S = = S ) < S - S < = pr S = o ) S < = = =)
B 5 = = E 5 % S B 5 < = H E] < o 2 5 S = E E < S
Pesticides E = H B T 2 £ 2 E £ B H 2 ] £ o £ i s = 2 ] 2 @
E = E £ = & E E 5 £ £ = Z B E = E £ = &z B
g 3 g 5 k5 k- = i g =} 3 g B k-] 5} s g g 5 g k] B = "
e o - = @ = o e Q =i = @ = o e o - = 2 @ = o
S 3 H ES =) 5 S £ = 8 H s
Pesticides that showed generally good recoveries and precision
34,5-Trimethacarb 100% 958% 100% 99% 100% 101% 99% 101% 4% 6% M% 7% 4% 9% 4% 4% g g g g 5 8 8 4
Acephate 88% 92% 89% 81% 83% 53% 83% 2% 8% 12% 10% 21% B% 12% 7% 5% 4 4 4 4 4 4 4 3
Aldicarb 92% 97 % 101% 96% 98% 97% 95% 102% 12% 2% 2% 1% 3% 12% 7% 8% ] ] ] ] 5 5 5 4
Azoxystrohin 100% 96 % 97 % 101% 99% 95% 100% 100% 2% 4% 4% 6% 1% B% 4% 4% 5 i i i 5 a a 4
Bendiocarb 95% 100% 105% 98% 99% 102% 100% 5% 2% 7% 4% 4% 3% 4% 3% 8% |3 4 4 4 5 8 8 4
Butocarboxim 89% 97 % 95% 103% 93% 93% 96% 5% 20% 13% 6% 14% 10% 16% 3% 1% g 4 g g 5 8 8 4
Carbaryl 101% 100% 100% 103% 100% 103% 99% 99% A% 8% 5% 4% B% 0% 5% 7% 5 5 5 5 5 5 5 4
Carbendazim p——— el e e e S s e e o e i S—— ———— =
Carbofuran
oprii | Cucumber | Cucumber |Lemon | Lemon | Wheat | Wheat | R R
o hont ean ucu er ucu er emon emon eat eat alsins alsins
Fenhexamid
0.1 0.01 0.1 0.01 0.1 | 0.01 0.1 0.01
Fenpropimorph
Flufenoxuron
Imazalil -
mncopis | REC. 97% 97% 98% | 98% | 96% | 98% | 95% 97%
Indoxacarh
Iprovalicarb
Isoproturen
Linuron
Metaly RSD 7% 8% 7% 7% 5% 8% 6% 7%
Methamidophos
Moathi b
Methomyl 99% 103% 97 % 98% 95% 101% 93% 97 % 3% 11% 5% 10% 9% B% 4% 2% 5 5 5 5 5 5 5 3
Methoxyfenozid 98% 96 % 100% 101% 102% 103% 98% 103% 2% 8% A% 1% 4% 0% 0% 3% ] ] ] ] 5 5 5 4
Metolachlor 101% 97 % 104% 102% 100% 104% 101% 101% 2% 5% 6% 5% 2% B% 3% 7% 5 i i i 5 a a 4
Monecrotophos 96% 93% 97 % 95% 93% 97% 94% 92% 3% 7% 9% 6% 8% B% 6% 3% |3 4 4 4 5 8 8 3
Oxamyl 100% 4% 95% 95% 98% 96% 96% 102% 4% 13% % 12% 7% 18% 5% 10% g g g g 5 8 8 3
Oxydemeton-methyl 94% 97 % 95% 89% 91% 95% 88% B6% 5% 11% 8% 12% 4% 13% 6% 4% 5 5 5 5 5 5 5 4
Picoxystrohin 100% 98 % 102% 101% 100% 103% 99% 104% 3% 6% 6% 3% 3% 8% 4% 9% ] ] ] ] 5 5 5 4
Pirimicarh 92% 93% 97 % 95% 98% 100% 93% 5% 10% 7% 3% 5% 2% % 4% 6% |3 4 4 4 5 8 8 4
Promecarh 99% 96% 6% % 8% % 10% 2% g% 2% 7% g g g g 5 8 8 4
Propamocarb 94% 104% = 1% 10% 16% 5% 14% B% A% 9% 10% 5 5 5 5 5 4 5 4
Propoxur 0% 102% Et h I Ofe n Carb 1% 5% 3% 2% 3% 3% 4% 5% &% 5 5 5 5 5 5 5 4
Pyraclostrobin 99% 100% 1% 2% 2% A% 7% 2% 8% 4% 2% ] ] ] ] 5 5 5 4
Pyrimethanil 95% 6% = = % 3% 5% 4% 6% 2% B% 4% 2% |3 4 4 4 5 8 8 4
Spiroxamine 96% 95% d d 1% 6% 8% % 2% 4% B% 5% 3% g g g g 5 8 8 4
Tebuconazol 99% 99% WaS OXI I Ze 1% A% 6% A% 7% 7% 13% 6% 2% 5 5 5 5 5 5 5 4
Tebufenozid 103% - B% A% 2% A% 2% 3% 2% 0% 3% ] ] ] ] 5 5 5 4
Thiabendazol 29% m 1% 6% 4% 4% 1% 4% B% 13% 4% |3 4 4 4 5 8 8 4
Thiacloprid 95% I n C u C u b e r 0% 4% 6% M% 3% 4% 7% 4% 4% g g g g 5 8 8 4
Thiofanox 89% 83% "% 13% 14% G% 7% a% 9% 10% g g g g 5 4 8 3
Vamidothion / 95% 95 % | 95% 99% | 97 % 95% | 94% 91% 5% 5% 11% 7% 4% 3% 8% 5% 5 5 5 5 5 5 5 4
Mean Recovery o 97% 7% 98% 98% 96% 98% 95% 97% 7% 8% 7% 7% 5% 8% 6% 7%
/ 2 Compounds that partly gave insufficient recovery due to degradation
Ethiofencarb B7% 95% 95% | 93%  90% | 87% S0% | 45% 29% 5% 9% 8% 20% 18% 15% 5 5 4 5 5
Pymetrozin B % B59% o o o o 0% 10% 0% 41% A7% 5 5 5 3 5 4 5 3
4 sulfonyl-urea pesticides (SUs) that s S e ra e ethod
procedure was ¥ Sl | d g d d fied
/\?W
nosulfuron B2% B3% T0% T2% - - o ol 3% B0% 75% 52% B7% 5 5 5 5 5 4 5 4
ﬁ:(sulfurun-methyl E3%  B4% | B1%  65% I n aC | d Ifl e d ext raCt B%  59%  E2% A% 54% 5 5 5 4 5 5 5 4
Prosulfuron 1% £9% B5% 4% 5% 43% 1% 48% B1% |3 4 4 4 5 8 8 4
Thifensulfuron-methyl B5% 55% 61% 61% [EfsE T EEs s 0] 34% 30% 6% 4% 1% 85% 68% B5% |3 ) ) ) 5 ) ) 4
an Recovery SU 65 % b65% 65% 68% 4 4 4 A7% 31% 28% 33% 31% 58% 3% 52% 63 %




LC-MS/MS Inter-Laboratory Validation Study (BLAPS-Working Group II)

Wean Recovery RSD {5} MNr. of Laboratories reported results {n=5 each}
s E - z s 3 = z s 2 - z s 2 = z 2 - z s 2 =z 3
T = = = = = = = T = = = = = = = = = et s = = =
.. = = = = 2 = = @ = = = = = = z @ = = = S = 2 &
Pesticides g A E = o o = £ g = = H o = = = = = = s o = £
g = S = = Z @ g = = £ = 2 = = z = = Z =
: g | 2 3 3 T | & & g g I = 3 T oz & g 2 3 i F 2
3 3 £ £ 3 E s £ 3 s £
Acetamipiid 101 % 96% 101% 97 % 97 % 99% 95% 4% 3% 3% 5% 10% 2% 3% 5% 9% & &5 4 4 4 4 & &
Avermectin Bla 4% 96% 99% 82% 95% 97 % 105% 101% 17% 6% 7% 19% 7% 1% 3% 9% 4 3 3 3 4 3 4 2
Avermectin B1b 99% 104% 113% 102% 102% 108% 95% 110% 4% 10% 19% 18% 6% 3% 5% 10% 3 3 2 2 3 2 3 2
Boscalid 102% 100% 100% 102% 97% 101% 100% 97% 2% 6% 3% 3% 9% 6% 13% 8% & 5 4 4 4 4 & 4
Bupiefezin s —— i —
Chleiidazon - - - -
ez | Mean | Cucumber | Cucumber | Lemon | Lemon | Wheat | Wheat | Raisins | Raisins
ymoxani
Cyproconazol
Demeton-5S-met] 0-1 0.0l 0.1 0.0l 0.1 0.01 0.1 0.01
Difenoconazol
Dimethachlor R
Dimethomaoiph - (o) 0 0 0 0 0 0 0
Diniconazel eC' . 101 A) 98 /0 99 /0 94 A) 100 /0 101 /0 100 /0 97 /0
Epoxiconazel
Ethoprophos
Famoxadon
Fenaimal | RSD 3% 8% 7% 8% 4% 9% 6% 11%
Fenpropidin
Fenpyroximar 102% 99% 95% 95% 102% 102% 7% 96% 2% 5% 9% 10% 2% 10% 12% B% & 8 4 4 4 4 & &
Fenthion 9% 86% 95% 88% — — — — 12% 1% 3% 13% 1% 4% 1% g% 3 3 E 3 3 3 4 4
Flufenacet 102% 99% 100% 96% - - 2% 3% 3% 13% 1% 3% B% 4% & 8 4 4 4 4 & &
Flurtamon 103% 100% 100% 97 % OXI d atl O n 2% 4% 2% 7% 4% 6% 7% B% & 8 4 4 4 4 & &
Flusilazol 104% 99% 101% 97 % A% 3% 1% 7% 1% 6% B% 5% & 8 4 4 4 4 & &
Hexaconazol 101% 95% 95% 95% 3% B% 2% 12% 6% 5% 7% 3% & 8 4 4 4 4 & &
Hexythiazox 103% 95% 95% 94% 101% 104% 7% 100% A% 5% 5% 12% 3% 16% 11% 3% & 8 4 4 4 4 & &
Mepanipytim 101% 93% 102% 91% 100% 101% 95% 2% 5% 2% 8% 13% 7% 5% B% & 8 4 4 4 4 & &
Metobromuio e o - o 103% 104% 97 % 2% 4% 1% 17 % 7% 6% 7% 7% & 8 4 4 4 4 & &
{tmethoat - - 9% 85% 80% B% 11% B% 4% 15% 10% 9% 15% & 4 4 3 4 3 & &
Pirimiphos-m A d I t 108% 100% 95% 3% 8% 3% 9% 10% 6% 7% 9% & 8 4 4 4 4 & &
Piofencfos C I S ] OS I n 107% 100% 97 % 2% 21% 4% 1% 2% 20% 8% 9% & 8 4 4 4 4 & &
Promenyn 100% 100% 95% 2% 3% 2% B% 1% 5% 4% 7% & 8 4 4 4 4 & &
Propaigit PSA I 103%  105%  98% 9% 3% 4% 6% 9% 1% 6% 12% 6% 5 5 4 1 1 1 5 5
Propicenazol C ean u p 100% 99% 100% 91% 3% 7% 3% 7% 3% 6% B% 7% & 8 4 E 4 4 & 4
Propyzamid 7% B% =1 £ 4 4 4 4 =1 =]
Pyrifenox 97% 98% - B% 4% & 5 4 4 4 2 & 4
Pimvoten Degraded in the standard [ sis el it i e s
Cuinoxyfen 100% 02% 13% 8% 5 5 4 4 4 4 5 5
Spinosyn A 93% 93% = - 4% 9% 5 5 4 4 4 4 5 5
Spinesyn D 90% I t p d d 5% 17% 5 5 4 4 4 4 5 5
Tebufenpyrad 100% S O u I O n rOV I e 5% 15% 5 5 4 4 4 4 5 5
Tenaconazel 94% i v o EER o oo o 970 a0 Zv0 4% 4% 5 5 4 4 4 4 5 5
Thiamethoxam 95% 95% 0% 5% 9% 7% 7% 5% 4% 8% & 4 4 3 4 4 & 4
(1] (1] {) ) (1] {3 (1] {3 (1] (1]
101% 95% 102% 5% 1% 1% 14% 4% 7% 6% & &5 4 4 4 4 & &
Tiifloxystiobin 104% 107 % 4% 10% 5% 9% 6% 4% & &5 4 4 4 4 & &
Meaan Recovqﬂ QBV D% T% 8% 4% 2% 5% 11%
/
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QUECNhERS- Multiresidue-Method

Advantages

v Rapid (8 Samples in Less Than 30 min)

v Simple (No Laborious Steps, Minimal Sources of Errors)

v' Cheap (~1 € Sample Prep. Materials for 1 mL Extract)

v Low Solvent Consumption (10 mL Acetonitrile)

v Practically no Glassware Needed

v Wide Pesticide Range (Polar, pH-Dependent Compounds)
v Extract in Acetonitrile (GC- and LC-Amenable)

R L S R M Community Reference Laboratory
Q)’ - = = A Pesticide Residues

1st Joint CRL-Workshop - Stuttgart, 06/12/2006 : - using Single Residue Methods


http://www.weather.com/weather/local/USPA1170?par=internal&site=magnet&promo=english&code=527975

QuEChERSeécom
| tome Gomect

QuEChERS

Since its introduction, the QUEChERS method [1] has been readily accepted by many pesticide residue analysts, Some modifications to the original QUECHERS
method had to be introduced to ensure efficient extraction of pH dependent compounds {e.g. phenoxyalcanoic acids), to minimize degradation of susceptible
compounds (e.g. base and acid labile pesticides) and to expand the spectrum of matrices covered.

Buffering

~e ....the modified QUEChERS method

acidic pe

When de.

s INCluding all presented modifications

Dry comn
to ensure

= aNd a lot of background information is
““available via the internet, as well as the
. Validation data.

QUECHERS has been used in several EU Proficiency Tests by the CWUA Stuttgart.

|> Darticinotinn ik Oraficio v Tacte ncikm tho MECkEDCSMMathad FONE 1920 FR: Aanonc in 3 nosae aindoae™
WWW.C]UGCI 1eI'S.CoOm
[> “alidation of a Simple Rapid Multiresidue Method an its Implementation in Routine Pesticide Analysis (ZIP 1220 KB; cont:

[1] M. Anastassiades, 5.1, Lehotay, 0. Stajnbaher and F.J. Schenck, J ADAC Int 86 (2003} 412,
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Thank you very much
for your Attention !



Pesticides Online

Internet platform for
Pesticide Residue Analysts

www.pesticides-online.com

FEEL FREE TO REGISTER & TEST !


http://www.nettoyou-cms.de/cms/n2u_cms/user/index.php?page_id=26&x_content=88,16&PHPSESSID=1d662aecd109e537c9addbb7f8063c3d
http://www.nettoyou-cms.de/cms/n2u_cms/user/index.php?page_id=26&x_content=88,16&PHPSESSID=1d662aecd109e537c9addbb7f8063c3d
http://www.nettoyou-cms.de/cms/n2u_cms/user/index.php?page_id=26&x_content=88,16&PHPSESSID=1d662aecd109e537c9addbb7f8063c3d

