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3-hydroxycarbofuran Chlorpyrifos Ethiofencarb Flutolanil Metalaxyl Penconazole Sulfentrazone 

Acephate Clethodim Ethiprole Flutraifol Metconazole Phosmet Tebuconazole 

Acetamiprid Clofentazine Ethoprophos Formetanate Methabenzthiazuron Picoxystrobin Tebufenozide 

Aldicarb Clothianidin Etofenprox Furalaxyl Methamidophos Piperonyl Butoxide Tebufenpyrad 

Aldicarb Sulfoxide Cyazofamid Etoxazole Furathiocarb Methiocarb Prallethrin Tebuthiuron 

Aldoxycarb Cycluron Fenamidone Hexaconazole Methomyl Prochloraz Temephos 

Azoxystrobin Cyproconazole Fenarimol Hexaflumuron Methoprotryne Promecarb Tetraconazole 

Benalaxyl Cyromazine Fenazaquin Hexythiazox Methoxyfenozide Propamocarb Thiacloprid 

Bendiocarb Diazinon Fenbuconazole Imidacloprid Metobromuron Propargite Thiamethoxam 

Bifenazate Dichlorvos Fenhexamid Indoxacarb Metribuzin Propiconazole Thidiazuron 

Bitertanol Dicrotophos Fenobucarb Ipconazole Mevinphos Propoxur Thiobencarb 

Boscalid Diethofencarb Fenoxycarb Iprovalicarb MGK-264 Pyracarbolid Thiophanate-methyl 

Bromuconazole Difenoconazole Fenpyroximate Isoprocarb Monocrotophos Pyraclostrobin Triadimefon 

Bupirimate Diflubenzuron Fenuron Isoproturon Monolinuron Pyridaben Triadimenol 

Butafenacil Dimethoate Fipronil Kresoxym-methyl Myclobutanil Pyriproxyfen Trichlorfon 

Carbaryl Dimethomorph Flonicamid Linuron Neburon Quinoxyfen Tricyclazole 

Carbetamide Dimoxystrobin Fluazinam Malathion Nitenpyram Rotenone Trifloxystrobin 

Carbofuran Diniconazole Fludioxonil Mandipropamid Novaluron Siduron Triflumizole 

Carboxin Dinotefuran Flufenacet Mefenacet Omethoate Spinetoram Triflumuron 

Carfentrazone-ethyl Diuron Fluometuron Mepanipyrim Oxadixyl Spinosad A Triticonazole 

Chloantraniliprole Emamectin B1a Fluoxastrobin Mepronil Oxamyl Spirotetramat Vamidothion 

Chlorotoluron Epoxiconazole Fluquinconazole Metaflumizone Paclobutrazol Spiroxamine Zoxamide 

Chloroxuron Eprinomectin Flusilazole 

Introduction 
Hops (Humulus lupulus) are an essential ingredient in brewing beer but agricultural 

production of this plant is threatened by insects and other dangers. Pesticides and 

other chemicals may be used to protect hops and increase yield, but certain chemical 

residues may be harmful to consumers. Chemical residues may also have unintended 

negative effects on non-target insects such as honeybees. Sensitive and selective 

detection of chemical residues in hops is necessary to ensure protection of consumers 

and the environment. Methods using LC-MS provide efficient and effective detection of 

chemical residues in a complex sample matrix such as hops. We have developed an 

LC-MS method for detection of over 150 analytes in hops and carried out a market 

survey of over 50 different hops pellets samples. 
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Figure 1 Sample preparation procedure 

Method 
Test portions of hops pellets (1.5 grams) were homogenized with a SPEX Genogrinder 

and extracted using a modified QuEChERS extraction with dispersive SPE cleanup 

(Restek cat no. 26237 and 26243). Detection was carried out by LC-MS-MS using a 

Shimadzu Prominence HPLC with LCMS-8050 triple quadrupole mass spectrometer. 

Electrospray ionization was used with continuous polarity switching to measure 

analytes in both modes throughout the run. Pesticide recovery was determined using 

spiking experiments and matrix-matched calibration curves. 

Figure 1 Gradient time program (top left), LCMS-8050 (top right) and MS conditions 
Table 1 List of analytes measured in the method 

Over fifty hops pellets samples were obtained from various manufacturers and 

represent growers from major hops-growing regions of the world. Pesticides were 

detected in most of the samples with the notable exception of Australia and New 

Zealand. A few pesticides such boscalid were detected in nearly every sample while 

some pesticides were found only infrequently. Certain pesticides such as azoxystrobin 

and myclobutanil were found with high frequency in European samples while not 

detected or infrequently detected in samples from North America. 

Figure 3 Representative chromatogram 

Results and Discussion 
The method was performed with calibration curves and quality control samples in 

triplicate in three different representative sample matrices to verify recovery, check 

interferences, and matrix effects. Recovery was in the range of 70–120% for nearly all 

analytes. Quantitation limits were compound dependent but established at the 20, 50, 

200 or 1000 ng/gram fixed levels as appropriate. The calibration curve was established 

over the range of 16 to 4000 ng/gram dried pellet level. 

Conclusion 
An LCMS method was developed for detection of chemical residues in hops. A market 

survey was carried out with more than 50 samples representing growers worldwide. 

Pesticides were efficiently and effectively detected with good sensitivity and selectivity. 

Table 2 Pesticides detected in market survey samples. 

Levels reported in ng/gram hops pellets. 

Time %B

0 10

1.50 10

5.50 63

9.00 75

10.00 100

12.00 100

12.01 10

15.00 10


