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Multi Residue methods (MRM)

Diverse range of compounds
physical and chemical properties

MRM approach if the compound(s) amenable to
extraction method
clean-up method
detection method

Common MRM methods:

Ethyl acetate, acetone, acetonitrile
SPE, HPGPC clean-up
GCMS and LCMS



Compound recently moved to MRM

dodine, dithianon, propamacarb, acephate, methamidophos,
oxidation compounds (e.g. aldicarb),



Compounds not amenable to typical MRM

approach
glyphosate 2,4-D
Chlormequat maleic hydrazide
abamectin

amitraz, ETU/PTU, diguat and paraquat, phophine, methyl
bromide, inorganic bromide, ethephon, dithiocarbamates,
trinexpac ethyl
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glyphosate

Broad spectrum herbicide
The most widely used Herbicide
Also used as desiccant in cereals

Rapid breakdown to aminomethylphosphonic acid
(AMPA not part of residue definition)

Not amenable to GC

Difficult to chromatograph on LC

Poor LCMS response — requires derivatisation

LC UV — very poor signal

LC fluorescence - Requires post column derivatisation

Gl



25 g sample, 0.1 mL conc. HCI, 20 mL
methanol, 130 ml water

Homogenise for 3 minutes at 11 000 rpm,
centrifuge at 3000 rpm for 10 min.

1 ml extract and add internal standard
glyphosate C13 N1°

glyphosate binds to active sites on glass, use silanized
glassware or polypropylene. Once glyphosate has been
derivatised, then it will not bind



Method (continued)

DERIVATISATION

50 uL sample extract, 1.6 ml triflouroacetic
anhydride + heptafluorobutanol (2:1) under
cold conditions

heat at 90°C for 1 hour
evaporate to dryness under nitrogen at 45°C

redissolve in 225 pL of citral solution in ethyl
acetate (2 pl mL1).
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Derivatisation
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Glyphosate
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2,4-D

Selective systemic herbicide
Control of broad leaved weed

Plant growth regulator used to prevent
oremature fruit drop

—ormulations include salts, esters

May form conjugates

Method designed to convert all possible
residues to free acid and then methyl ester




Extract and hyrolysed with NaOH solution
SPE clean (Oasis HLB)

Derivatisation with BF,

_iquid liguid extraction

Determination (MSD in SIM mode)




Derivatisation of 2,4-D

CIQOCHZCOOH

Cl
2,4-D (free acid)

Cl OCH,COOCH,

c 2,4-D methyl ester

MRL definition is the sum of free acid, esters

and conjugates, therefore hydrolysis step essential



GC-MS of 2,4-D methyl ester

SIM chromatograms for 2,4D methyl ester, m/z 234.

Iomn 234 .00 (232.70 to 234.70): 2523707 .

Abundance

=Z=0
zZso
=Z=ao0
==0
z=oo
1so
10
1ao
1zo
100

s0

so

ao
Abundance
=

o T
s.50 13 .s0
Tirme-—-— 950
s00
850
s00
750
Fdelel
650
[Slele]
550
500
as0

spike at 0.05 mg/kg

a00
350
300
250
lele)
150
100

50

o T T T T T T
8.50 .00 S.50 10.00 10.50 11.00 11.50

Time--=



Chlormequat chloride
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background

Plant growth regulator - inhibits cell elongation

Used to promote flowering and prevent premature
fruit drop

Used to prevent “lodging” in cereals
Not approved in UK pears

MRL in cereals 2 mg/kg, temp EU MRL at 0.3 mg/kg
for pears, all others set at RL

Very polar — not amenable to GC

Residues expressed as chlormequat cation —
conversion factor 1.29 for chlormequat chloride data



20 g sample

Fruit & veg: extract by shaking for 4 h with methanol
(20 ml)

guantitatively transfer to 100 ml volumetric flask with
methanol + water (1:1), final volume 100 ml|
celite or centrifuge to help with filtration

Cereals: extract by shaking for 16 h with 50 ml
methanol + water (1:1)

guantitatively transfer to 100 ml volumetric flask with
methanol + water (1:1), final volume 100 ml



Chlormequat chromatography

SCX column 150 x 2.1 mm

Ammonium formate in 50:50 water:methanol
buffer
ES+ Ionisation

MS/MS transitions
122>58
124>58 using 37-Cl isotope



Chlormequat chromatograms

122>58

Calibrant at 0.05 mg/kg RL



Chlormequat calibration

R =0.9985, quadratic



Residue confirmation

LCMS job 7624 | Data29653.wiff

CLQ

Sample Name
job7624 001
job7624_002
job7624 003
job7624 004
job7624_005
job7624 006
job7624_007
job7624_008
job7624 009
job7624_016
job7624 022
job7624 023
job7624 024
job7624 025
job7624 026
job7624_027

Sample ID
solvent blk

cal 0.05 mg/kg
cal 0.10 mg/kg
cal 0.20 mg/kg
cal 0.50 mg/kg
cal 1.00 mg/kg
solvent blk
53370-0228 BL
53370-0227 SP
54936-0007
53370-0228 BL
cal 0.05 mg/kg
cal 0.10 mg/kg
cal 0.20 mg/kg
cal 0.50 mg/kg
cal 1.00 mg/kg

RT Ave
RT Min
RT Max

RT

7.41
7.41
7.37
7.32
7.30

7.36
7.31

7.35
7.35
7.36
7.38
7.39

7.36
7.22
7.51

lon
122.1/ 58.0
Area

0
134330
269020
515100
1190800
2219500
0

0
188590
522690
0
146080
295710
553200
1291600
2376600

lon
124.1/ 58.0
Area

0
43910
87629
166500
375940
699800
0

0
60658
162200
0
47256
95755
169910
403270
745250

lon
122.1/58.0
Conc.
No Peak
0.0448
0.097
0.1943
0.4763
0.9599
No Peak
No Peak
0.0658
0.1974
No Peak
0.0494
0.1074
0.2096
0.5205
1.0414

lon
124.1/ 58.0
Conc.
No Peak
0.0441
0.0987
0.199
0.4794
0.9635
No Peak
No Peak
0.0649
0.1935
No Peak
0.0483
0.1089
0.2034
0.5176
1.0377

Ratio Ave
Ratio Min
Ratio Max

lon Ratio
124.1 / 58.0
122.1/ 58.0

0.3269
0.3257
0.3232
0.3157
0.3153

0.3216
0.3103

0.3235
0.3238
0.3071
0.3122
0.3136

0.3187
0.2550
0.3825



Maleic hydrazide

U\ Plant growth regulator

Potato, Onion

H/v Extremely polar

UK and EU MRLs
Early potato 1 mg/kg
Ware potato 50 mg/kg
Onion 10 mg/kg



Maleic hydrazide — Method

10 g sample extracted into 100 mL MeOH
SPE clean-up on SAX/PSA cartridge
Eluted using aqueous acetic acid; pH 4.8

Final crop concentration
0.5 g sample / mL extract



Maleic hydrazide - HPLC-UV

ODS2 column 250 x 4.6 mm

socratic aq 50 mM ammonium acetate
OH 4.5

—low rate 1 mL/min
UV at 313 nm




Maleic hydrazide chromatograms

1313nm 1.0 mg/kg calibrant

1.0 mg/kg spike Blank

aleic Hydrazid
aleic Hydraz

H o O O O
?




Maleic hydrazide LCMS

APCI negative m/z 111 [M-H]
Genesis AQ 150 x 3 mm, no guard

Isocratic agq. 10 mM ammonium acetate +
0.1% acetic acid

Flow rate 0.5 mL/min
Non-linear response
Screen/confirmation of identity



Maleic hydrazide LCMS

28968N11 Sm (Mn, 1x6) SIR of 1 Channel AP-
3.20 111.1
100i 2.58 383
{0.04 9.79
%,
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28968N09 Sm (Mn, 1x6) SIR of 1 Channel AP-
511 1111
100i 566
Spike
%10.04 3.00
O L L T T T
28968N12 Sm (Mn, 1x6) SIR of 1 Channel AP-
5.20 111.1
1007 1.28e3
| Calibrant
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Abamectin
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acaricide & anthelmintic (vet drug)
A mixture of 80:20 avermectin B, and B,,

Widely used on lettuce, apple and strawberries for
control of mites

MRL 0.01 mg/kg in apples, 0.1 mg/kg in lettuce and
strawberries

Not amenable to GC and does not produce good
LCMS response

UV detection — very poor signal



30g sample, 60ml acetonitrile; sonicate 3 minutes

Homogenise for 2 minutes at approximately 15000rpm,
guantitatively filter and make upto 100 mi

C-8 SPE clean-up
20ml extract + 40mls of HPLC water + 0.05 ml triethylamine
Elute column with acetonitrile, rotary evaporation

Resuspend in 1 ml acetonitrile

Derivatisation: Add 100 ul of extract & 100 pl of
trifloroacetic anhydride

C,g HPLC column, water:acetonitrile:methanol
(5+47.5+47.5), isocratic elution



Chromatography

Ex=365, Em=480
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Conclusions

Use MRM If possible

EXPENSIVE

SRM methods usually more steps

SRM may be the only choice for a number of
pesticides

Need to prioritise

Some SRM can be used for similar
compounds (e.g. dithiocarbamates)



