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Acidic pesticides

pH-issue: lonization of pesticides at low or high pH-values
« Acids: HX S H" + X
- Bases: B+H* 5 BH*

= lonic form prefers to stay in the water phase

pH-range of agricultural
samples: ~2.5-7
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Acidic pesticides — pKa-values

OPP
e | Acids
MCPP L pKa = pH above which

MEPA ' compounds lay in

2,4-D .
Clopyralid deprotonized form

Nitenpyram

Prochloraz : Bases
Carbendazim : pKa = pH below which
Thilzzneizzelz - compounds lay in
Cyromazine protonized form

Imazalil
Fenpropimorph
Propamocarb
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Acidic pesticides — influence of pH on recovery

LC-MS/MS, ESI (-), No PSA Cleanup

Recovery
%

Imazapyr
Clopyralid
Picloram
Benazolin
Imazaquin

Imazethapyr
Dicamba
Triclopyr

\laphthylacetic acid
Fluoxypyr
Mecoprop

Propyzamid
Bentazon
Bromoxynil
Fluazifop
Bromacil

lower pKa € general trend = higher pKa
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Acidic pesticides — cleanup issue

Example: Extract of red currant Citrate-Buffered

* |Losses of acidic components
after cleanup

= Acidic compounds interact with
PSA

Raw Extract PSA 25 PSA 50
mg/mL mg/mL

EEEmg co-extractives/mL Extract
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Acidic pesticides — including into QUEChERS

QUECHhERS has to be modified,
to include acidic pesticides

= Avoid special cleanup procedures

= Special conditions during extraction and
chromatography
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Acidic pesticides — pesticide list

Compound pKa-value Chemical Class acidic structure
2,4,5-T 2,85
2,4,5-TP 2,84
2,4-D 2,73
2,4-DB 4.8
2,4-DP 3,67
4-CPA 3,56
Fenoxaprop-P 3,2 phenoxyalcanoic acid
Fluazifop 3,2
Fluazifop-P-Butyl 3,1
Haloxyfop 2,9
MCPA 3,07
MCPB 4,84
MCPP 3,78
Fluroxypyr 2,94
Triclopyr 3,97
Naphthoxyacetic acid, 2- naphthoxyacetic herbicide
Bromoxynil 3,86
loxynil 3,96
Clopyralid 2 pyridine herbicide
Dicamba 1,97 benzoic acid
Imazapyr 1,9
Imazaquin 3,8 imidazolinone herbicide
Imazethapyr 2,1
Quinmerac quinolinecarboxylic acid
Picloram 2,3 pyridine herbicide
Bentazone 3,3 unclassified
Fomesafen amide herbicide
Imazosulfuron 4 pyrimidinylsulfonylurea herbicides )
Thifensulfuron-Methyl 4 o __.-'*H*I
Metsulfuron-Methyl 3,3 triazinylsulfonylurea herbicides HE -*"S::“:
Metosulam 4,8 sulfonanilide herbicide g/ 0
Cycloxydim cyclohexene oxime herbicide special case
Fludioxonil no acid

C R L -S R M Community Reference Laboratory

CRL Workshop Valencia Spain F . .fOI’ PeStIC.Ide Residues
26. — 29. September 2007 g using Single Residue Methods

pyridine herbicide

phenolic herbicide




Acidic pesticides — pesticide list

Cycloxidim
Three mesomeric structures
Difficult chromatogramic behaviour
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Acidic pesticides - findings

N° of samples with positive findings

Relatively often found:

* Fluazifop 3
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Fludioxonil 45 297 651 7 10 3283 Pending
1 125 47 9 85 421 Out
98 17 7 1 1 314 In
Haloxyfop 1 44 5 2 6 146 Out
Bentazone 72 1 94 In
MCPA 6 1 81 In
Clopyralid 30 1 49 In
Dicamba 8 4 31 Pending
2,4-DP 14 2 25 In
MCPP 2 2 24 Pending
4-CPA 18 18 Pending
Naphthoxyacetic acid, 2- 1 16 18 pending
Bromoxynil 10 16 In
Triclopyr 2 9
Imazaquin 7 Pending
2,45-T 1 6 In
Quinmerac 1 3
Fluroxypyr 1 2 In
loxynil 2 2 In
2,4-DB 1 In
Cycloxydim 1 Pending
Metosulam 1 1 Pending
2,45-TP In
Fenoxaprop-P Pending
Formesafen
Imazapyr Out
Imazethapyr Out
Imazosulfuron In
Out
JPicloram Out
Thifensulfuron-Methyl In
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Method Validation Experiment 2006 - facts

Method validation experiment
Modified QUEChERS without PSA-cleanup

August 2006:

19 Labs expressed interest from 9 Countries
(Germany, Latvia, Spain, Czech Republic, Switzerland,
Finland, Austria, The Netherlands and Great Britain)

4 Matrices
(Raisins, Cucumber, Lemon, Wheat Flour)

32 Pesticides (LC-MS/MS, ESI pos and neg) with
2 Levels (0.1 and 0.01 mg/kg)
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QUEChERS - schematic method description

Weigh 10 g of Frozen Sample

Add 10 mL Acetonitrile

Add ISTD-Solution
Shake

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

Shake and Centrifuge

Analysis of acidic pesticides by LC-MS/MS

CRL-SRM - -

CRL Workshop Valencia Spain
26. — 29. September 2007

Citrate-Buffered
QUEChERS

optionally:
Add NaOH to adjust pH

optionally:
Freeze-out of extracted
fat over night

Community Reference Laboratory
for Pesticide Residues
using Single Residue Methods




Interlab. Method Validation Experiment - evaluation

Collection of data and evaluation
= Www.crl-pesticides-datapool.eu

= Method Validation Data

Commodity Info: Method Info: Compound Info:
Commodity. | |»| Extraction Method: | QUECHERS [ Pesticide: |

Spiking Step: [ E FPesticide Class: |
Fat Content; :: Extraction pH: |— Pesticide Property: |
Sugar Content: |_: ISTD: |
EthericOils: [ [v] ISTD Addition Step: | v Lab Name: L
i Date [dd.mmuanyd: from

General Info:

Chiorophwll: | [« Cleanup:

pH-value: | _ Cleanup Details: | Validation Context. |

Fermented: | [ Post-Cleanup Details: | ] Context Details:
Chromatography: L— Exclude Qutliers:

Interface: [

Detector:

|
Calibration: |
|

Calibration Details:

| Number of Hits ||  DetailedResultList ||  Aggregated Result List || shortoverviewList ||  Long Overview List || Clear |[Print |

Some gqueries may take a few moments longer to process. Please do not click the guery buttons more than once. It is advisable to check the query by clicking on "Mumber of Hits" first.
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ILMV 2006 Acids — Results Cucumber

O Spiking Level 0.1 mg/kg @ Spiking Level 0.01 mg/kg
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ILMV 2006 Acids — Results Cucumber

Cucumber
High water content

Satisfying results for all pesticides

Slightly problematic (mean recovery) for:
Clopyralid
Cycloxydim
Picloram

RSD > 20% for:
Imazapyr
Cycloxydim
Picloram
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ILMV 2006 Acids — Results Lemon
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ILMV 2006 Acids — Results Lemon

Lemon
Acidic matrix

Satisfying results for most pesticides

Slightly problematic (mean recovery) for:

Clopyralid
Picloram

RSD > 20% for:

Imazapyr (only 0.01 mg/kg)
Picloram

Thifensulfuron-Methyl (only 0.1 mg/kg)

CRL-SRM

CRL Workshop Valencia Spain
26. — 29. September 2007
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ILMV 2006 Acids — Results Raisins
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ILMV 2006 Acids — Results Raisins

Raisins
= Dry and sugar containing matrix

= Satisfying results for most pesticides

= Problematic (mean recovery) for:

Clopyralid
Picloram

« RSD > 20% for:
Imazosulfuron
Clopyralid
Picloram
Thifensulfuron-Methyl (only 0.1 mg/kg)
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ILMV 2006 Acids — Results Wheat Flour
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ILMV 2006 Acids — Results Wheat Flour

Wheat Flour
Fat containing matrix

Satisfying results for most pesticides

problematic (mean recovery) for:
Clopyralid
Picloram

RSD > 20% for:
2,4-DB (only 0.01 mg/kqg)
Clopyralid
Dicamba
Picloram

CRL-SRM

CRL Workshop Valencia Spain
26. — 29. September 2007

Community Reference Laboratory
for Pesticide Residues
using Single Residue Methods




QUEChERS - alkaline hydrolysis

Example 2,4-D AN
cl— %—OCH,COH

Selective systemic herbicide cl
Control of broad leaved weed

Plant growth regulator used to prevent premature fruit drop
Formulations include free acid, salts, esters

May form conjugates

Method designed to convert all possible residues to free acid

= Acids are often covalently bound to matrix components
and thus their concentration underestimated!
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QUEChERS - schematic description with AH

Citrate-Buffered QUEChERS

Weigh 10 g of Frozen Sample
Shake

Add 10 mL Acetonitrile

Add ISTD-Solution
Shake

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

Shake and Centrifuge

Analysis of acidic pesticides by LC-MS/MS

CRL-SRM

CRL Workshop Valencia Spain
26. — 29. September 2007

alkaline hydrolysis:

Add NaOH and store for
30 min at RT,

then neutralize

optionally:
Add NaOH to adjust pH

optionally:
Freeze-out of extracted
fat over night

Community Reference Laboratory
for Pesticide Residues
using Single Residue Methods




Alkaline Hydrolysis — Level of 2,4-D in different citrus samples

[0 no alkaline hydrolysis @ with alkaline hydrolysis

factor: 1.8 — 5.8

sample 01 sample 02 sample 03 sample 04 sample 05 sample 06 sample 07 sample 08 sample 09 sample 10
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Alkaline Hydrolysis — Level of MCPA in berries

(e U GoOsebeery B Strawberry
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Acidic pesticides — alk. hydrolysis legally required

Current residue definitions

Dichlorprop (2,4-DP) since 31.12.1993 incl. Dichlorprop-P
Mecoprop (MCPP) since 04.12.2006 incl. Mecoprop-P
since 04.06.2005
since 01.07.2003
since 01.03.2002
Pending
Pending
Pending
Mesosulfuron Pending
Triclopyr Pending
Quinmerac Pending No
Picloram Pending No
Imazaquin Pending No
Haloxyfop-R Pending No
Fenoxaprop-P Pending No
Dicamba Pending No
2-Naphthyloxyacetic acid Notified No
Bromoxynil after 21.04.2007
loxynil after 21.04.2007
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Conclusion

Modified QUEChERS method without PSA cleanup is
suitable for analysis of most acidic pesticides

Problematic in all matrices are:
= Clopyralid
= Picloram

Some other pesticides have RSD (> 20%)

Alkaline hydrolysis Is strongly recommended, in order not
to underestimate the level of acidic pesticides

EU should reconsider the existing residue definitions of
harmonized MRLs to include conjugates where
appropriate

Community Reference Laboratory
for Pesticide Residues
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Acidic pesticides — influence of pH on recovery

LC-MS/MS, ESI (-), No PSA Cleanup

Recovery
%

Imazapyr
Clopyralid
Picloram
Benazolin
Imazaquin

Imazethapyr
Dicamba
Triclopyr

\laphthylacetic acid
Fluoxypyr
Mecoprop

Propyzamid
Bentazon
Bromoxynil
Fluazifop
Bromacil

lower pKa € general trend = higher pKa
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www.QUEChERS.com

QuEChERSeécom
| tome Gomtect

QuEChERS

Since its introduction, the QUECHERS method [1] has been readily accepted by many pesticide residue analysts. Some modifications to the original QUEChERS
IMDH b il o o e < e T it i i i = 1 i e ! (i e il i e i~ el a1~ i | gy

..the modified QUEChERS method
' mcludlng all presented modifications and a
Iot of background information is available
l via the internet.

Two inter-laboratory ring tests were performed in 2005 using the modified method, leading to very good recoveries and repeatabilities for numerous
pesticide/commodity combinations at different spiking levels using GC-MS or LC-MS/MS.

[> QUECHhERS wvalidation data (PDF 76 KB; opens in a new windaow)

QUECHERS has been used in several EU Proficiency Tests by the CYUA Stuttgart,
[> Participation in Proficiency Tests using the QUEChERS-Method {PDF 129 KB; opens in a new window)

For more than 300 different pesticides recovery studies have been made by the CYUA Stuttgart.

- www.quechers.com

Community Reference Laboratory
for Pesticide Residues
using Single Residue Methods




Thank you very much
for your Attention!

CRL SRI\/I



Short Overview List

. ) . . Festicide Lewel min Level max Rec Median Fec Mean CW [%] # of rec # of outl % Rec (FO-120%) # of Labs
Acids validation - Matrices 2% 001 01 93w a2 e o 02 :
245 TP 0,01 0.1 a1 Qg MmE 62 ] 98 7
24D 0,01 0.1 86 100 12,2 62 0 o4 7
24-DB 0,01 0.1 104 ag 10,7 50 ] a7 =
CU C U m b er 24DF 0,01 0.1 104 a3 10,7 73 0 97 =
. 4CPA 0,01 0,1 101 a1 144 54 ] 100 £
H |g h Water CO nte nt Bentazone 0,01 0,1 96 a5 aE 68 0 100 &
Bromozxynil 0,01 0.1 84 a5 14,2 53 ] a5 &}
Clopyralid 0,01 0.1 Fik] 76 12,2 3z 0 62 4
Cycloxypdim 0,01 0.1 T3 74 24,5 51 ] 69 T
Dicamba 0,01 0.1 67 a4 14,3 54 0 a0 7
Fenaxaprap-P 0,04 01 102 as 12,8 59 u] 95 G
Fluazifap 0,01 0. 102 102 g 65 0 a5 G
Fluazifop- P-Butyl 0,01 0.1 80 70 4 10 ] 100 1
Fludioxeanil 0,01 0.1 92 a4 10,2 5] 0 a8 7
Flurascypyr 0,01 0,1 99 a1 14 a5 ] 93 5
Fomesafen 0,04 01 100 101 2.4 a0 u] 98 G
Formesafen 001 0.1 5 TG 55 10 ] 100 1
Halmayfop 0,01 0.1 a2 ul=} 11,6 i} 0 a8 7
Imazapyr 0,01 0.1 100 26 204 54 ] g0 G
Imazaquin 0,01 0.1 89 o4 12,7 T3 0 100 T
Imazethapyr 0,01 0,1 102 oz 14 a3 ] 99 7
Imazasulfuron 0,01 0.1 a7 20 2.7 G 0 77 7
lozynil 0.01 0.1 99 as 11,3 G5 ] 100 7
WGP A 0,01 0.1 104 ar 12,1 74 0 a7 =
MCFB 0,01 0.1 106 a3 12,1 65 ] 95 7
MCPP 0,01 0.1 105 a7 11,6 74 0 96 g
Metosulam 0,01 0,1 g2 100 112  B5 1] a7 7
h = fu o n- bl ethyl 0,01 0. 100 o4 11,0 63 0 a8 7
Haphthowyacetic acid, 2 0,01 0.1 a0 oz 11,7 57 ] 100 7
Picloram 0,01 0.1 84 74 20,8 as 0 G0 4
Quinmerac 0,01 0.1 Fi) a7 21,6 59 u] 92 7
C R L — S R M | Thifensulfuran 0,04 0.1 95 100 T8 45 0 100 5
CRL Workshop Valencia Spain 2 | _— Thitensulfuran-hdethyl 001 0.1 5 g2 12.7 124 ] 100 z
26. — 29. September 2007 Triclopyr 0,01 0.1 119 ag 142 68 a 93 7



Short Overview List

. ) . . Festicide Lewel min Lewvel max Rec Median RecMean CW[%] # of rec # of outl % Rec(70-120%) # of Labs
AC|dS Va||dat|0n - Matﬂces 2451 0,01 0 104 100 116 70 o 97 7
2.45-TF 0,01 0.1 100 101 a5 70 i 99 7
2,40 004 0.1 92 el 10,7 70 o} 96 7
240B 0,04 0,1 86 a5 20,2 40 0 80 5
L e m O n 2.4D0F 001 a,1 100 94 11,1 70 o} 94 7
. . . 4CPA 0,04 0,1 101 99 11,9 70 0 93 7
ACld I C matrlx Bentazone 0,01 0.1 90 ag a1 70 0 97 7
Bromasaynil a1 0.1 113 102 14,2 it} o} 93 7
Clopyralid o001 0.1 55 TG 16,7 35 o} 74 4
Cycloxydim o001 0,1 93 a9 12 6 55 0 95 7
Dicamba 001 0,1 82 54 15,1 53 o} 98 ]
Fenoxaprap-P 0,01 0.1 102 o4 224 e ] u] 83 G
Fluazifop oot 0. 106 102 2.0 i} o} a8 f
Fluazifop-P-Butyl o001 0,1 96 102 10,0 10 0 a0 1
Fludioxanil 004 0.1 a7 100 2.4 i o} 98 7
Flurosypyr o001 0,1 92 =l 134 &0 0 26 G
Fomesafen 0,01 0.1 ] 104 2.2 42 u] a3 G
Formesafen 001 0.1 80 71 17.2 10 0 50 1
Halmayfop o001 0.1 84 106 11,6 65 o} izl 7
Imazapyr o001 0,1 93 a0 15,5 55 0 93 G
Imazaquin o001 0,1 92 a5 a7 20 o} 99 7
Imazethapyr o001 0,1 88 a3 11,8 20 0 a8 7
Imazosulfuron 0,01 0.1 86 an 18,2 67 n] 88 7
losaynil a1 0.1 a7 ag T8 70 o} a7 7
MCPA 004 0.1 o4 104 o040 &0 o} a7 7
MCPB 0,01 0,1 97 101 1z i 0 92 7
MCPP 004 0,1 4 99 = 70 u} 29 7
Metosulam 0,01 0,1 92 ete] 11,82 64 1] a7 7
b i ifuro n- b ethyl oot 0. a7 a7 12.5 70 o} 94 7
Haphthosyacetic acid, 2 0,01 0,1 a9 104 12,2 70 0 a7 7
Picloram 004 0.1 a1 g2 23,3 40 o} i3] 4
Quinmeras 0,01 0,1 a3 a1 17 .4 G5 u] 86 7
C R L — S R M Thifenzulfuren 004 0,1 105 101 1z A0 0 98 5
CRL Workshop Valencia Spain ¥ = T hitensulfuran- M ethil 001 0.1 43 2 315 10 0 0 1
26. — 29. September 2007 Triclopyr 004 0,1 a5 og 157 B0 a 93 7



Short Owverview List

. . R . Festicide Lewvel min Lewel max Rec Median Rec Mean CW [%] # of rec # of outl % Rec (FO-120%) # of Labs
Acids validation - Matrices |2 oot o4 82 e 17 4 o % 5
245 TP 0,01 0.1 a8 a3 10 45 1] 100 5
240 0,01 0,1 90 a5 13,7 45 a 93 5
E E 2.4-DB 0,01 0,1 83 a7 11,7 40 1] 100 4
Ral S I n S 24-DF 0,01 0,1 78 ag 12,2 LE] a a8 5
. . 4CPA 0.0 0.1 101 a1 138 45 0 93 5
n Sugar CO ntalnlng Bentazone 0,0 0.1 82 an 14 45 o 96 5
. Bromazynil 0,04 0,1 98 a5 114 45 0 98 5
matrlx Clopyralid 001 0.1 46 53 167 40 ] 0 4
Cycloxydim 0,01 0,1 90 az 13,6 a5 a0 100 5
Dicamba 0,01 0,1 85 50 14 a8 a 83 q
Fenoxaprop-F 0,01 0,1 103 oz 11,7 40 a0 ag 4
Fluazitop 0,01 0,1 106 105 10,2 a5 a a1 q
Fluazitop-P-Butyl 0,01 0.1 78 =il A 10 0 100 1
Fludioxenil 0,01 a,1 115 el 14,2 45 a 93 5
Flurazarpyr 0,04 0.1 89 o3 13 45 0 91 [
Fomesafen 0,04 0,1 a5 104 11,4 25 i a9 4
Formeszafen 0,01 0.1 5 g N 10 o 100 1
Halmayfop 0,01 0.1 94 oz 10,2 45 a ag 5
Imazapyr 0,01 0,1 79 =4 10,5 a5 a0 94 q
Imazaquin o,01 0. 81 o4 2.0 55 0 100 5
Imazethapyr 0,01 0,1 66 a7 11,4  B5 a0 a5 5
Imazozulfuron 0,04 0.1 T6 74 286 45 u] h8 5
loseynil 0,01 0,1 87 oz 14,1 a5 a0 100 5
MCPA 0,01 0,1 96 Qi 10,7 45 1] o8 5
MCFB 0,01 0,1 91 ag 12,2 g5 a 100 5
MCPP 0,01 a,1 89 o 12,6 44 a 95 5
Metosulam 001 0.1 82 o< 10,9 45 i 100 5
i etsulfuron-hd ethyl 0,01 0.1 102 az 13,7 45 a 93 5
Haphthoxyacetic acid, 2- 0,04 0.1 90 =] 13,2 45 u] 91 5
Picloram 0,01 0,1 59 == 12.2 as a 43 q
Quinmerac 0,01 0,1 T3 7S 15,2 45 i 91 5
C R L - S R I\/I ! Thifensulfuron 0,01 0.1 a7 a7 11 35 a 100 4
CRL Workshop Valencia Spain : i - Thifensulfuran-hdethyl 0,01 0,1 T8 =0 5.7 10 0 100 1
26. — 29. September 2007 Triclopyr 001 0,1 92 a3 128 45 1] 96 5



Short Overview List

. . . . Festicide Lewvel min Level max Rec Median Rechdean CW [%] # of rec # of outl % Rec(FO-120%) # of Labs
Acids validation - Matrices]is oor T on 2 T2 o e 100 .
245 TF 0,01 0,1 a9 og 8.3 43 0 98 5
24D 0,04 0,1 a2 o3 10,8 54 ] 98 ]
Wh eat FI O u r 2.4-0B 0,01 0,1 103 54 23,5 20 1] 79 4
24DP 0,04 0,1 112 a4 11,3 54 ] 94 ]
I:at Contalnln JCFA 0,01 0,1 79 93 0,3 LR 1] 100 5
g Bentazone 0,01 0.1 109 g2 10,1 40 1] 100 ]
matrlx Bramasnil .01 a1 76 9z a5 45 o 100 5
Clopyralid 0,01 0,1 T4 57 331 an 1] 23 ]
Coyrel ozardim 0,01 0,1 a0 a5 = ag 1] 100 4
Licamba 0,01 0,1 89 g1 205 33 1] G4 4
Fenoxaprop-P 0,01 0,1 101 103 Q.5 40 1] a8 4
Fluazifop 0,01 0,4 92 a7 a3 55 n 100 5
Fludiczanil 0,01 0,1 96 a5 2.1 4z 1] 100 5
F lurosaypyr 0,01 0,4 92 az a3 40 n 98 5
Fomesafen 0,01 0,1 a0 oic] 12,4 47 ] 96 5
Haloxyfop 0,01 0,4 a7 as a3 40 n 98 5
Imazapyr 0,01 0,4 99 a7 10,4 48 i 100 5
Imazaquin 0,01 0,4 89 az a5 50 n 100 5
Imazethapyr 0,01 0,4 93 a4 10,8 40 i 98 5
Imazosulfuron 0,01 0,1 a8 23 12,8 44 ] 75 5
lazaynil 0,01 0.1 83 a5 6,7 43 0 100 5
MCPA 0,01 0,1 107 97 11,2 55 1] 95 ]
MCPE 0,01 0,1 a7 ol 122 44 1] 100 ]
MCPP 0,01 0,1 115 95 116 54 1] 98 ]
Metozulam 0,01 0,1 110 a7 8.2 43 1] 100 ]
M etzulfuran-hethyl 0,01 0,1 106 a7 11,3 47 1] 100 5
Maphthoxyacetic acid, 2= 0,01 0,1 110 Qg 13,5 44 1] LY | 3
Ficloram 0,04 0,1 46 51 13,2 20 ] 1] 3
Quinmerac 0,01 0,1 7 24 13,1 42 ] 96 5
C R L ] S R I\/I Thifensulfuran 0,04 0,1 a5 102 =] 35 ] 94 4
G S T : i | Thifensulfuron-hdethyl 0,01 0,4 86 az a1 13 i 100 1
26. — 29. September 2007 Triclopyr 0,01 0,1 a6 £a 1456 45 0 91 5



