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Colony Collapse Disorder (CCD) – A malady 
affecting honey bee colonies which has 
caused the loss of up to 80% of commercial 
bee hives in some areas over the last two 
years.
Research is being conducted by USDA-ARS 
and universities like Penn State University into 
the cause (or causes) of CCD.
Three main areas of research – Parasites, 
Pathogens, and Pesticides



The USDA-AMS-NSL began pesticide residue 
testing of CCD samples for PSU and ARS in 
the spring of 2007.

Sample types include beeswax, pollen, honey, 
honey bees, brood, royal jelly, nectar and 
flowers.
The Quechers method, with slight 
modifications, was utilized for pesticide 
extraction of all of these matrices.

Many CCD samples, especially pollen, are 
between 0.5 grams and 5 grams of sample.
Quechers is easily adapted to variable sample 
sizes by proportionally adjusting reagents.
Quechers works great for wax samples, which 
is the most complicated matrix to extract.
Column SPE clean-up is utilized for GC/MS 
screening due to the complexity of pollen and 
wax matrices.



For CCD samples with a high water content (i.e. 
bees, brood, flowers, etc.), the buffered Quechers
method is utilized.
For pollen and wax, the buffered Quechers is also 
used with the addition of water to the sample in 
the following ratio – 3 grams sample, 12 mLs
H2O, and 15 mLs acidified MeCN.
For wax, heating is required (80°C for 20 min.) 
after the addition of water and MeCN to dissolve 
the wax, then freezing (-20°C for 30 min.) is 
employed before centrifugation to help get the 
wax out of solution.













Pigments aren’t a real issue with these samples, but lipids 
and wax do pose a clean-up issue for pollen and beeswax.
C18 and PSA are the sorbents used in both column and 
dispersive SPE clean-up.
Column SPE is used for GC/MS analysis and dispersive is 
used for LC/MS/MS analysis.
1 gram/mL sample concentration is obtained for high 
water content samples.
For beeswax and pollen, due to the complicated matrix, 
0.4 gram/mL sample concentration is the maximum 
concentration before chromatographic problems are 
encountered.



496 samples analyzed since April 2007 with 97 
different pesticides detected out of 180 pesticides 
screened.

One pollen sample had 35 residues detected.

In-hive miticides (Fluvalinate & Coumaphos) for varroa
mite control most prevalent and most concentrated.

Other external pesticides of interest with high 
frequencies of detections are chlorpyrifos, 
chlorothalonil, and the pyrethroids.

Neonicotinyls were found but not frequently.



Pesticides detected cont.

Honey was added as a commodity to the Pesticide Data 
Program (PDP) in October 2007.

The NSL is testing PDP honey samples using a modified 
Quechers method. 

For GC/MS EI and NCI analyses, ethyl acetate is used 
instead of acetonitrile to preserve base sensitive 
compounds like amitraz and chlorothalonil.

For GC/MS-NCI, the sample extract is dried with MgSO4 
with no sorbent clean-up, while the EI extract is dried 
and cleaned using dispersive PSA.

For LC/MS/MS analysis, acetonitrile is used with 
dispersive clean-up with PSA.



LC/MS/MS
GC/MS in EI mode
GC/MS in NCI mode

GC/MS Negative Chemical Ionization (NCI) 
utilizes a collision gas in the MS source that 
“softens” the fragmentation.
NCI can be a good replacement for selective or 
elemental detectors like ECD, ELCD, XSD or 
FPD.
NCI works well for compounds that tend to 
fragment excessively in EI and also compounds 
with electronegative properties like chlorine 
and sulfur containing compounds.



Very few matrix components ionize with NCI 
which greatly reduces background interferences.
Soft ionization reduces fragmentation and thus 
increases abundance of ions that do form versus 
EI, which increases MS sensitivity.
NCI can be used as a GC/MS screening tool for 
compounds that are difficult to analyze by EI, 
like the endosulfans, and that are normally 
analyzed by selective detection systems.
Provides an added MS screening tool.

Not all pesticides react in NCI (this can also 
be considered an advantage).
For a few pesticides, only molecular or 
isotopic ions are formed which limits 
confirmation ability.
Does not produce classic EI library spectrum.
NCI needs more time after maintenance to 
stabilize.
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