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Why should I care about what isomers are?
Structural isomerism

− Positional isomerism
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Stereoisomerism

− E-Z isomerism − cis-trans isomerism

− Enantiomerism − Diastereomerism

Analogous molecules (not isomers)

− Different substituents

What are isomers?What are isomers?



Compound name Components

Chlordane
Mixture cis-Chlordane trans-Chlordane

0.12 €/mg 7.56 €/mg 7.56 €/mg

57-74-9 5103-71-9 5103-74-2

Cyfluthrin
Mixture Beta (β)

0.18 €/mg 0.24 €/mg

68359-37-5 1820573-27-0

Cypermethrin
Mixture Alpha (α) Beta (β) Zeta (ζ) Theta (θ)

0.48 €/mg 0.64 €/mg 0.65 €/mg 0.83 €/mg 17.46 €/mg

52315-07-8 67375-30-8 1224510-29-5 1315501-18-8 71697-59-1

Fenpyroximate
Mixture (E)-Fenpyroximate (Z)-Fenpyroximate

1.16 €/mg 0.95 €/mg 16.38 €/mg

111812-58-9 134098-61-6 149054-57-9

Metaflumizone
Mixture (E)-Metaflumizone (Z)-Metaflumizone

0.67 €/mg 1.15 €/mg 17.73 €/mg

139968-49-3 852403-68-0 139970-56-2

Spinetoram
Mixture Spinetoram J Spinetoram L

2.90 €/mg 136.90 €/mg 408.00 €/mg

935545-74-7 187166-40-1 187166-15-0

Spinosad
Mixture Spinosyn A Spinosyn D

1.66 €/mg 23.67 €/mg 175.9 €/mg

168316-95-8 131929-60-7 131929-63-0

In the past, wrong CAS 

numbers were detected in the 

main companies selling 

pesticide standards

− Check the CAS number of 

the component before 

purchasing

− Re-check the CAS number 

in the certificate of analysis 

after arrival

Technical mixtures have a 

lower price.

Price

CAS number
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Compound name Components

Permethrin
Mixture cis-Permethrin trans-Permethrin

0.18 €/mg 12.42 €/mg 12.42 €/mg

52645-53-1 61949-76-6 61949-77-7 

Pyrifenox
Mixture (E)-Pyrifenox (Z)-Pyrifenox

0.95 €/mg 8460 €/mg Not found

88283-41-4 83227-22-9 83227-23-0

XMC
Mixture Pure (3,5-disubstituted) Xylylcarb (3,4-disubstituted)

Not found 0.54 €/mg 18 €/mg

Not found 2655-14-3 2425-10-7
In the past, wrong CAS 

numbers were detected in the 

main companies selling 

pesticide standards

− Check the CAS number of 

the component before 

purchasing

− Re-check the CAS number 

in the certificate of analysis 

after arrival

Technical mixtures have a 

lower price.

Price

CAS number
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A

B

C

D

E

A1 B1 C1 D1 E1 A5 B5 C5 D5 E5

A1 B1 C1 D1 E1 A5 B5 C5 D5 E5

A1 B1 C1 D1 E1 A5 B5 C5 D5 E5

Five non-consecutive
injections

Five non-consecutive
injections

Five non-consecutive
injections

LC-MS GC-MS
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Are the quantitation transitions similar? Are the ion ratios similar?

Evaluation of two parameters
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LC

Spinetoram J Spinetoram L
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No variation

Spinosyn D
isotopologue



Acquisition Time (min)
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1. Use of the spinosad technical mixture (e.g. 70:30, w/w, A:D)

A. Appropriately adjust the concentration of each calibration point to the actual spinosyn A or D concentration.

B. In such a 0.100 mg/L spinosad calibration point (here in avocado) there are 0.070 mg/L of spinosyn A and

0.030 mg/L of spinosyn D.

Practical examples: different quantitation approaches

Spinosyn A - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs

Concentration (ng/ml)
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y = 12750.390569 * x  + 4858.398324

R^2 = 0.99601150
Type:Linear, Origin:Ignore, Weight:1/x

Spinosyn D - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn A - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn D - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn A - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn A - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn D - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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Spinosyn A - 7 Levels, 7 Levels Used, 14 Points, 14 Points Used, 6 QCs
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1. Use of the spinosad technical mixture (e.g. 70:30, w/w, A:D)

A. Appropriately adjust the concentration of each calibration point to the actual spinosyn A or D concentration.

B. In such a 0.100 mg/L spinosad calibration point (here in avocado) there are 0.070 mg/L of spinosyn A and

0.030 mg/L of spinosyn D.

Practical examples: different quantitation approaches

Results for an instrumental response of 5.0E5 counts for each spinosyn A and spinosyn D

Analyte

Adjusted, individual

calibration curves.

Conc. sum of spinosyn A and D

Non-adjusted, individual

calibration curves.

Conc. sum of spinosyn A and D

Response sum

calibration curve

Spinosyn A 0.039 mg/kg 0.055 mg/kg -

Spinosyn D 0.16 mg/kg 0.59 mg/kg -

Spinosad 0.20 mg/kg 0.65 mg/kg 0.10 mg/kg

+325 %
-50 %
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Relative response (cis/trans)

Relative ion ratio (cis/trans)

cis-Chlordane trans-Chlordane
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373.0 > 266.0
373.0 > 301.0
tR = 7.10 min
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No variation
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− Currently evaluating individual cis-trans pairs

− Is the behaviour different, or is the 50:50 ratio in the 

standard not accurate?

No variation



LC

− Vendors sometimes offer (E)-fenpyroximate as 

“fenpyroximate”

− The (E)-fenpyroximate analytical standard usually 

contains ≤ 5 % of the (Z)-isomer

− The fenpyroximate technical mixture is not readily 

available through many vendors

(E)-Fenpyroximate (Z)-Fenpyroximate
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LC

(E)-Fenpyroximate (Z)-Fenpyroximate

10.2903/j.efsa.2015.4382

L 153/1 11.6.2011
10.2903/j.efsa.2019.5797
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− Currently evaluating individual (E) & (Z) isomers

− Is the behaviour equivalent, or is the 50:50 ratio in the 

standard not accurate?

No variation
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− Other examples of positional isomerism:

− Aldicarb-sulfone & butoxycarboxim

− Propazine & terbuthylazine

No variation
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Relative response (beta/technical)

Relative ion ratio (beta/technical)

Cyfluthrin β-Cyfluthrin

Diastereomer (enantiomer pair)
Composition (in %)

Cyfluthrin β-Cyfluthrin

I (1R,3R, αR + 1S,3S, αS = 1:1; cis) 23-27 < 2

II (1R,3R, αS + 1S,3S, αR = 1:1; cis) 17-21 30-40

III (1R,3S, αR + 1S,3R, αS = 1:1; trans) 32-36 < 3

IV (1R,3S, αS + 1S,3R, αR = 1:1; trans) 21-25 57-67

GC

Acquisition Time (min)

9.85 9.9 9.95 10 10.05

C
o

u
n

ts 5x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

226.0 -> 206.0 , 163.0 -> 127.0

Ratio = 46.6  (43.0)

Acquisition Time (min)

9.85 9.9 9.95 10 10.05

C
o

u
n

ts 5x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

226.0 -> 206.0 , 163.0 -> 127.0

Ratio = 43.0  (43.0) 226.0 > 206.0
163.0 > 127.0
tR = 9.95 min

226.0 > 206.0
163.0 > 127.0
tR = 10.03 min

EPRW

2022
BOLOGNA

No variation



GC

− α-cypermethrin (2 enantiomers): 1 peak

− β-cypermethrin (2 pairs of enantiomers): 2 peaks

− θ-cypermethrin (2 enantiomers): 1 peak

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

I

II

III

IV
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α-Cypermethrin β-Cypermethrin

θ-Cypermethrin ζ-Cypermethrin

GC

− α-cypermethrin (2 enantiomers): 1 peak

− β-cypermethrin (2 pairs of enantiomers): 2 peaks

− θ-cypermethrin (2 enantiomers): 1 peak

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

163.0 > 127.0
209.0 > 141.0
tR = 10.22 min

163.0 > 127.0
209.0 > 141.0
tR = 10.24 min

163.0 > 127.0
209.0 > 141.0
tR = 10.24 min

163.0 > 127.0
209.0 > 141.0
tR = 10.17 min

EPRW

2022
BOLOGNA



GC

Relative response (average)

Relative ion ratio (average)
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α-Cypermethrin β-Cypermethrin

θ-Cypermethrin ζ-Cypermethrin

− α-cypermethrin (2 enantiomers): 1 peak

− β-cypermethrin (2 pairs of enantiomers): 2 peaks

− θ-cypermethrin (2 enantiomers): 1 peak

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks
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No variation

No variation



GC

− α-cypermethrin (2 enantiomers): 1 peak

− β-cypermethrin (2 pairs of enantiomers): 2 peaks

− θ-cypermethrin (2 enantiomers): 1 peak

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

I

II

III

IV
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− α-cypermethrin (2 enantiomers): 1 peak

− β-cypermethrin (2 pairs of enantiomers): 2 peaks

− θ-cypermethrin (2 enantiomers): 1 peak

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

GC

Active substance
ARfD
(mg/kg bw)

Source

α-Cypermethrin 0.00125 Reg (EU) 2019/160

β-Cypermethrin 0.0016 EFSA 2014

ζ-Cypermethrin 0.125 EFSA 08

Cypermethrin 0.2 Dir 05/53

U
n

d
istin

g
u

ish
a
b

le

Active substance Ecotoxicology (LD50) Value

ζ-Cypermethrin (oral) (mg/kg) 86

Cypermethrin (oral) (mg/kg) 287

ζ-Cypermethrin (contact) (µg/bee)  0.002

Cypermethrin (contact) (µg/bee)  0.023

ζ-Cypermethrin (oral) (µg/bee)  0.044

Cypermethrin (oral) (µg/bee)  0.172

ζ-Cypermethrin (acute 14 d) (mg/kg) 37.5

Cypermethrin (acute 14 d) (mg/kg) >100

Source: EU Pesticides Database and University of Hertfordshire Pesticide Properties DataBase
EPRW
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435.1000>418.0500(+)
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433.1000>191.0000(+)

16.0 16.5 17.0 17.5 18.0 18.5 19.0

0

25000

50000

75000

100000

125000

150000

175000

200000

225000

250000

275000

435.1000>418.0500(+)
435.1000>193.0500(+)
433.1000>191.0000(+)

GC

− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

ζ-Cypermethrin

A c q u i s i t i o n  T i m e  ( m i n )

1 0 .1 1 0 .1 5 1 0 .2 1 0 .2 5 1 0 .3 1 0 .3 5

C
o

u
n

ts 5x 1 0

- 0 .1

0

0 .1

0 .2

0 .3

0 .4

0 .5

0 .6

0 .7

0 .8

0 .9

1

1 .1

1 .2

1 .3

1 .4

1 .5

1 .6

1 .7

1 .8

1 .9

1 6 3 .0  - >  1 2 7 .0 , 2 0 9 .0  - >  1 4 1 .0

R a ti o  =  1 6 .1   ( 1 8 .3 )

Acquisition Time (min)

10.1 10.15 10.2 10.25 10.3 10.35

C
o

u
n

ts 5x10
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0.1

0.2

0.3

0.4

0.5

0.6
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0.8
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1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

163.0 -> 127.0 , 209.0 -> 141.0

Ratio = 20.9  (18.3)

Cypermethrin (technical)

− Undistinguishable with standard GC-MS/MS techniques

− Can be differentiated with chiral SFC-MS/MS

− Positive samples in cypermethrin have been reanalysed, 

with no fraudulent use detected to date
Chiral SFC-MS2
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0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

110000
435.1000>418.0500(+)
435.1000>193.0500(+)
433.1000>191.0000(+)

GC

α & β & ζ
αS-R-cis

β & ζ
αS-R-trans

Θ & ζ
αS-S-trans

ζ
αS-S-cis

-
αR-R-cis

α & β
αR-S-cis

β
αR-S-trans

Θ
αR-R-trans

− Undistinguishable with standard GC-MS/MS techniques

− Can be differentiated with chiral SFC-MS/MS

− Positive samples in cypermethrin have been reanalysed, 

with no fraudulent use detected to date
EPRW
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− ζ-cypermethrin (4 isomers): up to 4 peaks

− Technical mixture (8 isomers): up to 4 peaks

“But that is another story and shall be told another time.”
-Michael Ende



▪ Some residue definitions include more than one analyte (isomers of

various types or other analogues)

▪ The mass spectrometry behaviour cannot be predicted a priori

▪ Analyte behaviour has been observed to change across matrixes

▪ Quantitation strategies must be studied and adapted on a per case basis

▪ Evaluating the equivalence of the analytical response is a good practice

▪ Knowledge of the residue definitions and careful evaluation of analytical

standards helps avoiding identification and/or quantitation issues
EPRW

2022
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