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Hops (I—_Iumulus_lupulus_) are an essentla_l ingredient in brewing beer but ggrlcultural T.he- methpd was performed with callb.ratlon curves an-d guality c.ontrol samples in i~ & v@\ & o o F & o s o o & F W o & &G S & &
production of this plant is threatened by insects and other dangers. Pesticides and triplicate in three different representative sample matrices to verify recovery, check Australia Al 141
other chemicals may be used to protect hops and increase yield, but certain chemical Interferences, and matrix effects. Recovery was in the range of 70-120% for nearly all Australia A2 No Pesticides Detected
residues may be harmful to consumers. Chemical residues may also have unintended analytes. Quantitation limits were compound dependent but established at the 20, 50, 2 m ;z::::g 22 I':z EZEEE:SZE [D’ztzgzj
negative effects on non-target insects such as honeybees. Sensitive and selective 200 or 1000 ng/gram fixed levels as appropriate. The calibration curve was established O Newzealand  AS No Pesticides Detected
detection of chemical residues in hops is hecessary to ensure protection of consumers over the range of 16 to 4000 ng/gram dried pellet level. New Zealand A6 No Pesticides Detected
and the environment. Methods using LC-MS provide efficient and effective detection of Newzesland No Pesticides Detected -
chemical residues in a complex sample matrix such as hops. We have developed an (x10,000,000) France A9 25 539
LC-MS method for detection of over 150 analytes in hops and carried out a market 25| | Germany A10 451 49 403 16 21
: \ Germany All 118 a4 26
survey of over 50 different hops pellets samples. n | Germany oy BB ) " o »c RO
o Germany Al13 24 79 27
25.] | g Germany Al4 15 77 33 26 181
| | - Germany A15 31 67 308
Grind, soak, Treat organic 20 | H ﬁl | Germany Al6 110 15 32 118
extract, salt, layer with dSPE | | | | | L] Germany A7 436 - 8498 195 3666 17 21
— — 5 | - f United Kingdom  A18 409 1027 189 101
| \“ | i I | | | o | United Kingdom  A19 [5414 34 79 680 570 21 68 217 84
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SU———. : 1 | “ w'J 4 ‘. I TW | | \‘W (Y i!\ U USA A21 162 57 99
Hops pellets QUEChERS extract Ready to inject o i Co M I il . iy USA A22 565 205 71 20
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Figure 1 Samp|e preparation procedure 00 1.0 20 30 7.0 80 920 10.0 1.0 min USA A25 148 27 190 209 425 218 -
. . 160209.FVSETx21_90_FRTMIX L2_011.lcd US A A26 - 33 56 9% 58 23
Figure 3 Representative chromatogram USA A7 e s B -, 139 16
USA A28 136 112 250 136 | 2924 5941798 25
MEth Od USA A29 - 1157 285 191 42
. . . . i " " USA A30 168 242 35 303 254
Test portions of hops pellets (1.5 grams) were homogenized with a SPEX Genogrinder Over fifty hops pellets samples were obtained from various manufacturers and USA A3l e - W39 63 79 e 137 — )3
and extracted using a modified QUEChERS extraction with dispersive SPE cleanup represent growers from major hops-growing regions of the world. Pesticides were USA A2 17 B 76 W88 150 746 271
(Restek cat no. 26237 and 26243). Detection was carried out by LC-MS-MS using a detected in most of the samples with the notable exception of Australia and New USA A33 334 39 64 119 70
Shimadzu Prominence HPLC with LCMS-8050 triple quadrupole mass spectrometer. Zealand. A few pesticides such boscalid were detected in nearly every sample while Con . - e —— B = ﬁ
Electrospray ionization was used with continuous polarity switching to measure some pest|C|des_ were found On_ly Infrequently. Cer_tam pesticides such as a.zoxystrobln USA A6 20 4745 312 1365 136413883 570 35
USA A40 45 28 51 1333367 86 562 18
Time %8B 100 i 3-hydroxycarbofuran  Chlorpyrifos Ethiofencarb Flutolanil Metalaxy! Penconazole Sulfentrazone USA A4l - — 38 24 - 141 s 158
0 10 20 Acephate Clethodim Ethiprole Flutraifol Metconazole Phosmet Tebuconazole USA A42 431 16 83
1.50 10 Acetamiprid Clofentazine Ethoprophos Formetanate Methabenzthiazuron  Picoxystrobin Tebufenozide USA A43 56 - - 61 22 247 160
5.50 63 &0 Aldicarb Clothianidin Etofenprox Furalaxyl Methamidophos Piperonyl Butoxide Tebufenpyrad USA A44 468 255 55
9.00 75 Aldicarb Sulfoxide Cyazofamid Etoxazole Furathiocarb Methiocarb Prallethrin Tebuthiuron
10.00 100 40 Aldoxycarb Cycluron Fenamidone Hexaconazole Methomyl Prochloraz Temephos USA A45 34 458 192 21 - 28
12'00 100 20 Azoxystrobin Cyproconazole Fenarimol Hexaflumuron Methoprotryne Promecarb Tetraconazole USA A46 22 217 27 22 104 69
12'01 10 *—9 Benalaxyl Cyromazine Fenazaquin Hexythiazox Methoxyfenozide Propamocarb Thiacloprid USA A47 35
: 0 Bendiocarb Diazinon Fenbuconazole Imidacloprid Metobromuron Propargite Thiamethoxam
15.00 10 0 5 10 15 Bifenazate Dichlorvos Fenhexamid IndoxacaF;b Metribuzin Progicfnazole Thidiazuron USA A48 145 54 477 245 588 100 179 342 697 36
Bitertanol Dicrotophos Fenobucarb Ipconazole Mevinphos Propoxur Thiobencarb
B(;[sc:JIid Dieth:Jf:ncarb Fenoxycarb Igrovalicarb MGK-2p64 Pyrzcarbolid Thiophanate-methyl USA A49 252- - 108 837 72
Bromuconazole Difenoconazole Fenpyroximate Isoprocarb Monocrotophos Pyraclostrobin Triadimefon USA AS0 15 21 853 176 101
- Bupirimate Diflubenzuron Fenuron Isoproturon Monolinuron Pyridaben Triadimenol USA A51 168 68 16 40 261
Lc column : Restek ARC-1 8 (21 )(1 00 mm, 3 I_]m) Interface Temp . 400 C Butafenacil D?methoate Fiprt?nil ' K'resoxym-methyl Myclobutanil Pyr'iproxyfen Tr?chlorfon USA A52 _ 56 497 45 75- 412 - 97 38 147
Mobile Phase A : 5 mM NH4OAC + 0.1% Formic Acid Nebulizing Gas  : 3 L/min comomide Dimoyeronn  Fossinam vihion renpyam roterone ioyotin
MObiIe Phase B : Methanol Drying Gas : 10 L/m|n CarEofuran Dinicor;azole F:u?lioxonil Ma?dipropamid Noval:ron Siduron Tri::umizole
. ° Carboxin Dinotefuran Flufenace Mefenace Omethoate Spinetoram Triflumuron
Lc Flow Rate : 05 mL/mIn DL Temp : 250 C Carfentrazone-ethyl Diurctm FIuometu:on Mepanipy:im Oxadtixylt SEinoZadA Triticonazole
- i . ° Chloantraniliprole Emamectin Bla Fluoxastrobin Mepronil Oxamyl Spirotetrama Vamidothion . . . =
Heater Gas ) 10 L/mln Heat BIOCk Temp i 400 C Chlorottoluroz Epoxicontazole FquuinzonazoIe Mefaflumizone Paclogutrazol Sgiro;c(atminet Zoxamit,:lce Table 2 PEStICIdeS deteCted N market Survey Samp|eS ConCI USIOn

Chloroxuron

Eprinomectin

Flusilazole

Levels reported in ng/gram hops pellets. 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.

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



