
1

Analysis of Neonicotinoid
Pesticides in Bee Pollen by 

LC/MS/MS

Brian D. Eitzer and Kimberly Stoner
Departments of Analytical Chemistry and Entomology

What is Bee Pollen?

• Flower pollen collected by bees combined 
with enzymes and nectar

• Pollen collected at flowers and packed into 
sacs on the bees back legs forming little 
pellets

• Composed of protein (20%), lipids ( 6%), 
carotenoids, flavonoids, and phenolics
– Composition dependant on plant bee pollen 

collected from 

Bee Collecting Pollen Bee Pollen Collection

Pollen Samples Why Study Neonicotinoids in Pollen?

• Honeybees are important pollinators of many 
crops

• Colony Collapse Disorder (CCD) is a new threat 
to honeybee populations

• The cause of CCD is unknown but some people 
suspect pesticides play a role

• Imidacloprid, a neonicotinoid pesticide, has been 
shown to be harmful to honeybees at low 
concentrations (crucial level in the 1-10 PPB 
range; Bonmatin et al. 2005  )
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Extract with a Modifed QuEChERS
Procedure

• 10 g of pollen plus:
– 6 g magnesium 

sulfate
– 1.5 g sodium acetate
– 10 mL water
– 20 ml acetonitrile
– C-13 Alachor I.S.

• Shake / Vortex
• Sonicate
• Centrifuge

Extraction (cont.)
• Decant liquid
• Combine with

– 3 g magnesium sulfate
– 1 g PSA
– 3 mL toluene

• Shake
• Centrifuge
• Decant liquid
• Concentrate to <1 mL

with nitrogen for LC/MS 
analysis

LC Conditions
• Column: Zorbax SB-C18, 2.1 x 150 mm, 5 micron  
• 10 Microliter injection
• 0.25 mL/min
• Mobile phase solvents

– A: 0.02% Formic acid in water
– B: 0.02% Formic acid in methanol

• Mobile phase gradient (time-%A)
– 0-75, 2-75, 12-30, 14.5-30, 16.5-15, 18-15, 22-0,    28-0, 29-75, 

33-75, post run  3 min

Mass Spectrometric Conditions

• Thermo – LTQ (linear ion trap)
• Positive ion electrospray at 3.5 Kev
• Multiple segments/scans

– First scan of each segment is full scan (100-
1000 amu)

– Subsequent scans monitor MS/MS transitions 
for targeted compounds

– Quantification on selected ions of MS/MS data

Compounds Monitored
• Neonicotinoids
(# metabolites monitored in addition to 

parent)
– Imidacloprid (5 metabolites)
– Acetamaprid (3 metabolites)
– Dinetofuran (2 metabolites)
– Thiacloprid (1 metabolite)
– Thiamethoxam (4 metabolites)
– Clothianadin (thiamethoxam

metabolite CGA322704)

• Pesticides used to treat 
beehives
– Coumaphos
– Fluvalinate
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RT: 1.72 - 13.66 SM: 9G
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[ 60.00-330.00]  MS  Genesis std-mix-A
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ms [ 110.00-1000.00]  MS  Genesis std-mix-A
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Standards at 5 PPB
For each pesticide: A-selected ion full scan, B-MS/MS selected ions fragmenting A

Descayno Thiacloprid

Thiamethoxam

Imidacloprid

Total Ion Chromatogram

A

A

A

B

B

B

Linearity and Limits of 
Detection

19.0 19.2 19.4 19.6 19.8 20.0 20.2 20.4 20.6 20.8 21.0 21.2
Time (min)

RT: 20.47
AA: 23621
SN: 69

RT: 20.26
AA: 13747
SN: 2220.17 20.42

19.52 19.8019.66 20.65
19.07 19.22 20.8519.38 20.96 21.12 21.20

RT: 20.31
AA: 11029
SN: 25

20.2019.57 19.71 20.52
20.81 20.9798 19.33 21.1119.24 21.2019.07

120 140 160 180 200 220 240 260 280
m/z

244

243 257207 259214 230187 218191 1997 277248168151 157 179135 165 175112 268139119 286
257

239199 258244187173 191119 213109 214137 219123 210143 174 230 268157 249133 178 193 282259161151 291270163113
244

257213
135

173119 199137123 26709 179 235 260217125 231191 220201 249168 188138 152 204163 275114

C-13 Alachlor (Internal Standard)

25 PPB in Standard

2.5 PPB in Sample A

2.5 PPB in Sample C

Imidacloprid
Y = 0.0667594*X   R 2̂ = 0.9974   W: Equal

0 20 40 60 80 100
PPB

0

1

2

3

4

5

6

7
Ar

ea
 R

at
io

Coumaphos
Y = 0.182971*X   R 2̂ = 0.9994   W: Equal

0 20 40 60 80 100
PPB

0

5

10

15

20

A
re

a 
R

at
io

imidacloprid_5-hdroxy
Y = 0.0511841*X   R^2 = 0.9928   W: Equal

0 20 40 60 80 100
PPB

0

1

2

3

4

5

A
re

a 
R

at
io

Thiacloprid_Descyano
Y = 0.115628*X   R^2 = 0.9915   W: Equal

0 20 40 60 80 100
PPB

0

2

4

6

8

10

12

Ar
ea

 R
at

io

Internal Standard Response Curves (no matrix present)
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Imidacloprid Detection

Standard at 5 PPB

Sample B – None Observed

Sample A – 0.1 PPB

Sample A-sp - 0.6 PPB (0.5 PPB spiked)

Sample C – 0.5 PPB

A A -SP1 A-SP2 B B- SP1 B-SP2 C C-SP1 C-SP2
Spiked Concentraion> 0 0.5 0.5 0 5 5 0 10 10

Thiamethoxam Metabolite CGA353042 NF NF NF NF NF NF NF NF NF
Dinotefuran DN phosphate NF NF NF NF NF NF NF NF NF
Acetamaprid metabolite IM 1-4 NF NF NF NF NF NF NF NF NF
Thiacloprid, Descayno NF NF NF NF NF NF NF NF NF
Imidacloprid, olefin desnitro NF NF NF NF NF NF NF NF NF
Imidacloprid, hydrochloride desnitro NF NF NF NF NF NF NF NF NF
Dinetofuran UF NF NF NF NF 1.5 1.8 NF 3.9 3.5
Thiamethoxam Metabolite NOA407475 NF NF NF NF NF NF NF NF NF
Acetamaprid metabolite IM 1-2 NF NF NF NF NF NF NF NF NF
Dinotefuran NF NF NF NF 5.2 7.1 NF 12.4 13.2
Thiamethoxam NF NF NF NF 3.8 4.6 NF 8.2 9.6
Imidacloprid, Olefin NF NF NF NF 1.4 3.0 NF 10.6 6.4
Imidacloprid, 5-Hydroxy NF 0.4 0.3 NF 4.5 4.8 NF 10.0 11.5
Thiamethoxam Metabolite NOA404617 NF NF NF NF NF NF NF NF NF
Acetamaprid metabolite IC-O NF NF NF NF NF NF NF NF NF
Clothianidin (is  metabolite CGA322704) NF 0.4 0.4 NF 4.6 5.4 NF 9.8 12.6
Imidacloprid 0.1 0.5 0.6 NF 5.9 6.5 0.7 14.2 18.6
Imidacloprid, urea NF 0.3 0.3 NF 4.9 5.0 NF 9.6 10.5
Acetamiprid NF 0.6 0.2 NF 3.5 5.7 NF 11.1 13.1
Thiamethoxam Metabolite CGA355190 NF 0.4 0.4 NF 4.7 5.8 NF 13.8 11.5
Thiacloprid NF 0.4 0.2 NF 4.0 4.6 NF 10.7 12.6
Coumaphos 0.4 1.1 0.7 8.7 19.4 26.5 0.5 14.2 11.7
Amitraz NF 1.0 1.0 NF 2.5 3.1 NF 8.3 9.2
Fluvalinate NF NF NF NF 1.2 7.7 NF 6.3 7.7

Orange – not found spiked or unspiked
Yellow – found in spiked sample not in unspiked
Blue – found in spiked and unspiked
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Other Pesticides Detectable?

• QuEChERS extractions can typically be 
used for LC/MS or GC/MS

• GC/MS test run had too many interfering 
compounds to reliably determine 
pesticides

• Other LC/MS detectable pesticides can be 
observed, some at high concentrations
– Observed compounds include: carbaryl, 

atrazine and myclobutanil
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Conclusions

• Method will be useful for parent 
neonicotinoids at the required detection 
limits

• Alternate extraction technique required for 
many neonicotinoid metabolites

• Other pesticides can be detected in pollen 
by these procedures
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