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The fate of residues of seven agrochemicals (chlorfenapyr, quinoxyfen, tebuconazole, fenarimol,
pyridaben, and E- and Z-dimethomorph) from the treatment on hops to the brewing of beer was
studied. First, a multi-residue analytical method was developed for the determination of pesticide
residues in spent hops, trub, wort, and beer. Each matrix was validated over at least two levels of
fortification, for all seven compounds, in the ranges 0.05—-5.0, 0.001—-1.0, 0.001—0.05, and 0.0005—
1.0 ppm for spent hops, trub, wort, and beer, respectively. Recoveries ranged from 73 to 136%.
Second, the matrixes prepared from hops, which were treated under commercial practices with each
compound, were analyzed using the method developed. The use of treated hops resulted in the
carryover of 0.001 ppm of tebuconazole, 0.008 Z-dimethomorph, and 0.005 ppm of E-dimethomorph
into the wort. The bulk of the remaining residues of all seven compounds was found on the spent
hops. Following fermentation, all compounds were found in levels less than 0.0005 ppm in beer,
except Z- (0.006 ppm) and E-dimethomorph (0.004 ppm). Third, when all seven pesticides were
spiked prior to the pitching of yeast into clean wort, most of the nonpolar compounds (chlorfenapyr,
quinoxyfen, and pyridaben) partitioned into the organic material (trub) which settled to the bottom,
while the more polar compounds (fenarimol, tebuconazole, and E- and Z-dimethomorph) were
generally distributed evenly between the beer and the trub.
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INTRODUCTION mental Protection Agency (USEPA) on compounds to be used

Beer has been an important beverage for reportedly over 8,0000" Nops. As a result of these requests, the U.S. Department of
years (1). Over this span of time the recipe for beer has had Agriculture Interregional Research Project No. 4 (USDA IR-4)
many additions and substitutions, yet throughout these changegrogram conducted magnitude-of-residue field trials on hops
the basic formula has remained the same. Sometime betweerfor several compounds, including chlorfenapyr, quinoxyfen,
the sixth and ninth centuries, the first usage of hdgisnjulus ~ tebuconazole, fenarimol, pyridaben, and dimethomogpti().
lupulus) in beer was reported,(2). Hops, which have been Typically, the aforementioned compounds are applied several
known to be a natural preservative, were used to increase thetimes during the growing season and have a short pre-harvest
shelf life of beer, as well as to add flavor. Even though the interval, which can lead to high residue levels on the raw
need for hops as a preservative decreased withthe developmenigricultural commodity §—11). The residue levels are inten-
of refrigeration and pasteurization, hops still play a major role tjonally high to provide continued crop protection, yet these
in the beer brewing process as a source of bitterness, flavor,gjevated residues may carry over into the beer during the
and aroma. . . _ brewing process. Previous work has been conducted on the

Curre_n_tly, primary prod_uctlo_n of hops in the U.S. occurs in  ayitraction of pesticides from hops by liquid €@uring hop
the PaC|f|c_Northwest region, in states such as ldaho, Oregon, oy tract production, but the fate of the pesticides during the
and Washington (3). In 1999, 34,260 acres of hops were o ing process was not covered (12). Papers have been
produced {’)' HOp.S have sev_eral pests |nclu_d|ng hop aphid, two- published on the fate of organophosphates, carbamates, pyreth-
spotted spider mite, and Ie_pldopt_eda@. Until recently, do_wr_ly roids, triazines, and organochlorines found on raw materials
mildew was the most serious disease for hops, but _W|th|n the (malt and hops) used in the brewing proceka-{15). However,
past few years, powdery mildew outbreaks have raised SOMElittle work has been conducted on the fate of the compounds
concern with hop growerd (5). To prevent these pests, growers . : X . o
have requested pesticide registrations from the U.S. Environ- mgntloned above in the brewing process itself. Therefore, it is

of importance to understand the potential exposures of these

* To whom correspondence should be addressed. Phone: 530_752_2402_pest!C|des when Comparlng the benefits of a higher quantity/
Fax: 530-754-8556. E-mail: mjhengel@ucdavis.edu. quality of crop versus the risks of exposure.
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Table 1. Analytical Pesticides Laboratory-Scale Fermentation Study.Cold untreated wort (4 L)
was transferred to an 8-L glass carboy and 4-mg of each pesticide was
compound  purity log Kow supplier location added, resulting in a 1 ppm solution. To the spiked wort, yeast slurry
chlorfenapyr  99.7% 483 Cyanamid Princeton, NJ was a_ldded and vigorously mixed. F_ollowing mixing, a sample (100
quinoxyfen 99.8% 4.66 DowAgro Midland, M| mL aliquot) was taken to represent time zefo< 0), and subsequent
tebuconazole 94.7% 3.70 Bayer Kansas City, MO samples were taken over 35 days. Once the last sample had been
fenarimol 99.4% 3.69 DowAgro Indianapolis, IN removed, the remaining wort was drained and the trub was transferred
pyridaben 99.7% 6.37 BASF Limbergurhof, Germany to a 1000-mL Erlenmeyer flask for further analysis.
dimethomorph  97.6% 2.73/2.63 (Z/E) Cyanamid ~ Princeton, NJ Laboratory-Scale Brewing Trials. Ground malt (24 kg) was mashed
oxyfluorfen®  99.9% N/A Rohm & Haas ~ Philadelphia, PA with 10.4 L of water in a 40-gt cooler at 6& for 78 min. The resulting
mash was then sparged with 20.8 L of water at°8lover 30 min.
2 Oxyfluorfen served as an internal standard. The sweet wort was then transferred to a 6.5-gal stainless steel kettle
and brought up to boiling for 30 min. After 30 min of boiling, 200 g
Table 2. Sample Location and Application Rates of dried hops (untreated hops were used for method validation studies,
and treated hops were used for the pesticide fate determination study)
rate number of was added and the boiling was continued for another 60 min. Upon
compound (Ibsfacre) applications location the cessation of boiling, the wort was chilled to 22 and the spent
chlorfenapyr 0.310 3 Parma, ID hops were removed and refrigerated until analysis could be attempted.
quinoxyfen 0.134 4 Parma, ID A sample (100-mL aliquot) was taken from the wort for analysis prior
tebuconazole 0.225 4 Hubbard, OR to fermentation.
fenarimol 0.055 4 Hubbard, OR Chilled wort was transferred to a 6-gal glass carboy, and yeast slurry
pyridaben 0500 2 Prosser, WA was pitched in with vigorous mixing. For the treated hops test, an aliquot
dimethomorph 0.400 / Parma, ID of 100 mL was taken from the fermentation carboy just after the addition
untreated N/A N/A Parma, ID

of yeast. This sample represents time zdre=(0) for a 38-d monitoring
of residues in the fermenting wort/young beer.
) Sample Preparation for Beer and Wort. Beer and wort samples

In the present study, a new method using gas chromatogra-(100 mL) were transferred into 250-mL Erlenmeyer flasks. For spike
phy—mass spectrometry for the detection of seven pesticidesand recovery studies, untreated beer and wort samples were fortified
in spent hop, trub, wort, and beer samples was developed toat this point with a known amount of each pesticide of interest. The
determine the fate of the pesticides on hops during the brewingsamples were then diluted with 100 mL of water and mixed. If the
process. sample had suspended solids, the diluted sample was filtered, under
reduced vacuum, with a Buchner funnel fitted with Whatman 541 filter
paper covered with a thin layer of Celite 545 (1 teaspoon, Fisher
Scientific, Fair Lawn, NJ).

An Oasis HLB cartridge (0.5 g/6 mL, Waters Corporation, Milford,
MA) was conditioned, under mild vacuum, with 2 column volumes
(CV) of ethyl acetate followed by 2 CV of methanol. The cartridge
values (octanol/iwater partition coefficients). was then p(epared for the sample Ianiing with 2 CV of water. A 75-

. - mL reservoir was attached to the cartridge and the sample was loaded
Materials. All solvents and reagents were pesticide grade. under mild vacuum (drip rate of-12 drops/second). Once the entire
Stock and Fortification Solution Preparation. A stock solution sample was loaded, the Erlenmeyer flask was rinsed withsamL of

(1.0 mg/mL) was prepared for each analytical standard in acetone. A water and the rinses were loaded onto the cartridge. The cartridge was
mixed 100ug/mL fortification standard (all compounds except 0xy-  then washed with 2 CV of 40% methanol in water and allowed to briefly
fluorfen) was prepared by taking a 5-mL aliquot of each 1.0 mg/mL gy, The compounds of interest were eluted with 2 CV of 80% ethyl
stock solution and diluting the mixed aliquots in a 50-mL volumetric  acetate in hexane and transferred to a 100-mL round-bottom flask for
flask with acetone. The 100g/mL mixed solution was then serially  sample concentration via rotary evaporation, under mild vacuum (water
diluted to make a 10 and a/g/mL solution. An internal standard  path at 4°C). Following evaporation, the sample was redissolved into
spiking solution was prepared by taking a S@0-aliquot of the 1.0 5 m| of 40% ethyl acetate in hexane for further cleanup.

mg/mL oxyfluorfen stock solution and diluting the aliquot in a 50-mL An Iso-lute aminopropy! solid phase extraction (SPE) cartridge (1
volumetric flask with 0.1% corn oil in ethyl acetate, resulting in a 10 g/6 mL, International Sorbent Technology, Glamorgan, U.K.) was
#g/mL solution. A 5-mL aliquot of the 1Qug/mL solution of conditioned with 1 CV of 40% ethyl acetate in hexane. The conditioned
oxyfluorfen was then diluted in a 50-mL volumetric flask with 0.1%  gpE \as placed into a 100-mL round-bottom flask and the redissolved
corn oil in ethyl acetate, resulting in ag/mL solution. All stock, sample was loaded (all eluant was collected). The original 100-mL
fortification, and internal standard solutions were storee:20 °C in round-bottom flask was rinsed with 5 mL of 40% ethyl acetate in hexane
the dark until use. and was loaded on to the SPE. Once the 40% ethyl acetate in hexane

GC Calibration Solution Preparation. GC calibration solutions washes had passed, a 20-mL reservoir was attached to the SPE, and

EXPERIMENTAL PROCEDURES

Pesticides. Chlorfenapyr, dimethomorph, quinoxyfen, fenarimol,
tebuconazole, pyridaben, and oxyfluorfen were all analytical grade
standards stored at20 °C. SeeTable 1 for purity, origin, andKey

were prepared by adding 23Q of the 10ug/mL mixed fortification ~ the remaining compounds were eluted with 15 mL of 80% ethyl acetate
solution to volumetric flasks of 25, 50, 100, and 200-mL capacities. in hexane. Solvents were allowed to pass through the SPE by gravity.
Aliquots of 62.5, 125, 250, and 500L of the 10 ug/mL internal After elution, the sample was concentrated to near dryness. An internal

standard solution were added to the 25, 50, 100, and 200-mL volumetric standard (oxyfluorfen) was added at this point, for injection reproduc-
flasks, respectively. The flasks were then diluted to the mark with 0.1% ibility, and the sample was diluted accordingly with 0.1% corn oil in
corn oil in ethyl acetate, resulting in 100, 50, 25, and 12.5bg/  ethyl acetate to facilitate analysis by gas chromatographgss
solutions, respectively (25 pgl of internal standard in each). All selective detection (minimum sample volume was 2 mL).
calibration solutions were stored at’€ in the dark until use. Sample Preparation for Spent Hops and Trub.A modification
Sample Collection from Fields.A total of 7 hop samples (6 treated,  (extraction, liquid partition, and GPC) of the method developed for
one for each pesticide of interest, and 1 untreated control) were collectedthe analysis of dimethomorph in dried hops was used for spent hops
from IR-4 field trial sites in Oregon, Idaho, and Washington. Sakle and trub (0). Spent hop samples (2 g, dry weight equivalent) were
2 for pesticide and application rates. Following collection, the hop measured out into 1-qt stainless steel Waring blender cups (Waring
samples were dried in a manner consistent with commercial drying Corporation, Winsted, CT), and trub samples (50 mL of trub slurry)
methods (heated air kilns) and transferred, in a frozen state, to our were measured out into a 250-mL Erlenmeyer flask for extraction by
facility. an Ultra-Turrax T-25 (Janke & Kunkel, West Germany). For spike and
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recovery studies, untreated spent hop and trub samples were fortifiedaple 3. Selected lon Monitoring (SIM) and Retention Times for

at this point with a known amount of each pesticide of interest. The
sample was then blended with 100 mL of acetone for two minutes.
The blended sample was filtered, under vacuum, using a Biichner funnel
fitted with a Whatman 41 filter paper covered with a small layer of
Celite 545 (1 teaspoon). The resulting filter cake was transferred back
to the blending cup and blended for another 2 min with 100 mL of
acetone and re-filtered. The blender cup was rinsed with 50 mL of
acetone, and the rinsate was added to the filter cake.

After filtration, the entire sample was transferred to a 1000-mL
separatory funnel that contained 500 mL of water and 50 mL of
saturated sodium chloride solution. The filtration flask was rinsed with

100 mL of dichloromethane, and the rinsate was added to the separatory

funnel, which was then shaken for 2 min. The phases were then allowed
to separate, and the lower organic layer was drained through a funnel
plugged with glass wool and sodium sulfate into a 500-mL round-
bottom flask. The remaining aqueous layer was re-extracted with
another 100 mL of dichloromethane for two more min and pooled with
the first partition of dichloromethane. The sodium sulfate was rinsed
with 25 mL of dichloromethane into the 500-mL round-bottom flask.

The sample was then concentrated to dryness on a rotary evaporatorquinoxyfen

under vacuum (water bath ca. 40). After concentration, the sample
was dissolved into 10 mL of 1/1 (v/v) dichloromethane/cyclohexane
for cleanup via gel permeation chromatography (GPC).

The GPC system consisted of a Kontes Chromaflex gel permeation
column (Kontes, Vineland, NJ), a Foxy 200 X-Y fraction collector (Isco,
Inc., Lincoln, NE), and a Benchmate Il Workstation (Zymark Corpora-
tion, Hopkinton, MA). The Benchmate was programmed to automati-
cally weigh, vortex, and filter (PTFE, 0.45m Millipore filter disk,
Millipore Corporation, Bedford, MA) each sample prior to injection
(5-mL sample loop is equal td, the original sample on column) onto
the GPC column. The column was 62 cm2.5 cm i.d. packed with
200/400 mesh S-X3 resin (Bio-Rad, Richmond, CA) to a bed length
of 50 cm. The GPC mobile phase consisted of dichloromethane/
cyclohexane (1/1, v/v), with a flow rate of 5 mL/min. Once the sample
was loaded onto the column, the fraction collector was programmed
to discard the first 120 mL (24 min) of eluate and then collect the next
80 mL (16 min) of eluate into a 250-mL TurboVap tube (Zymark
Corporation, Hopkinton, MA). The GPC column was regenerated with
250 mL (50 min) of mobile phase prior to the next sample injection.

After GPC cleanup, the samples were placed into a TurboVap Il
concentration workstation and were concentrated to dryness with dry
nitrogen (water bath at 45C). The sample residues were then
redissolved in 5 mL of 40% ethyl acetate in hexane.

Mega Bond-Elut aminopropyl SPE columns (5 g/20 mL, Varian,
Harbor City, CA) were preconditioned with 1 CV of 40% ethyl acetate
in hexane. When the solvent reached the top of the packing, the sampl
was loaded onto the SPE and the eluate was collected in a 100-mL
round-bottom flask. Flasks used for sample concentration, prior to SPE
cleanup, were rinsed with 5 mL of 40% ethyl acetate in hexane, and
the rinsate was added to the SPE. Following the addition of the rinsate,
the SPE was fitted with a 75-mL reservoir, and the remaining
compounds were eluted with 10 mL of 40% ethyl acetate in hexane,
followed by 25 mL of 80% ethyl acetate in hexane. Solvents were
allowed to pass through the SPE by gravity. After elution, the sample
was concentrated to near dryness. An internal standard (oxyfluorfen)
was added at this point, for injection reproducibility, and the sample
was diluted accordingly with 0.1% corn oil in ethyl acetate to facilitate
analysis by gas chromatography—mass selective detection (minimum
sample volume was 2 mL).

Sample Analysis.Sample analysis was conducted with a Hewlett-
Packard (HP) 6890-5973 GEMSD (Hewlett-Packard, Avondale, PA)
equipped with a 15 nx 0.25 mm I. D. ¢k = 0.25um) DB-XLB column
(J&W Scientific, Folsom, CA). The MSD source (held at Z%) was
operated in positive electron ionization mode, while the mass filter
quadrupole (held at 15%C) was operated in selective ion monitoring
(SIM) mode. See€Table 3 for selected ions and retention times for
each pesticide. The injector and 6®ISD transfer line were operated
at 250 and 280C, respectively. An HP 6890 series autoinjector was
used to inject luL of sample in pulsed splitless mode (50 psi for 1
min, injector purge at 0.95 min). The injection port was fitted with a

Pesticides

Ry

compound MS fragments (m/z) (min)
oxyfluorfen 252 (100%), 300 (27%), 3612 (M* 33%), 363* (M*+2 16%)  2.95
chlorfenapyr 59 (100%), 247 (8%), 4062 (M* 5%), 4082 (M*+2 5%) 3.22
quinoxyfen 237 (100%), 2722 (37%), 3072 (M* 30%), 3092 (M*+2 19%)  4.13
tebuconazole 83 (42%), 125 (96%), 2502 (M* 100%), 2522 (M*+2 35%)  4.52
fenarimol 139 (100%), 2952 (18%), 3302 (M* 45%), 3322 (M*+2 21%) 6.12
pyridaben 147 (100%), 3092 (9%), 3642 (M* 7%), 3662 (M*+2 4%) 6.70
Z-dimethomorph 165 (30%), 3012 (100%), 3872 (M* 31%), 3892 (M*+2 11%) 8.94
E-dimethomorph 165 (30%), 3012 (100%), 3872 (M* 31%), 3892 (M*+2 11%)  9.29

@ Used for SIM.

Table 4. Beer Method Validation Results (% recovery)?

compound 1.0ppm 0.1ppm 0.01 ppm 0.001 ppm  0.0005 ppm
chlorfenapyr 84+6 1013 95+2 98+4 95+8
82+7 96 +2 97+3 97+6 95 +6
tebuconazole 94+3 1074 1103 129+2 1315
fenarimol 94+6 106+2 104+2 102+3 91+5
pyridaben 704 98+3 102+2 109 £ 4 108 £6
Z-dimethomorph ~ 93+7  103%4 99+4 94+3 8714
E-dimethomorph  94+6  104+1 1102 91+4 92+11
@ Number of replicates at each level is 6.
Table 5. Wort Method Validation Results (% recovery)?
compound 0.5 ppm 0.01 ppm 0.001 ppm
chlorfenapyr 97+4 95+5 972
quinoxyfen 97+4 9%6+4 98+5
tebuconazole 103 +4 108 £3 105+ 4
fenarimol 101+5 102 +5 94+3
pyridaben 805 90+2 90+3
Z-dimethomorph 98+5 9% +4 94 +4
E-dimethomorph 101+7 98+6 93+6

€

@ Number of replicates at each level is 4.

Restek Siltek Cyclo double gooseneck inlet liner (Restek Corp.,
Bellefonte, PA). The oven temperature started at k®@nd was then
programmed at 20/min to 280°C and held for 5 min. Throughout

the run the carrier gas (helium) was maintained at 2.0 mL/min. Pesticide
concentrations were calculated by comparing the ratio of peak area
response of the analyte over the internal standard in samples to those
of calibration standards.

RESULTS AND DISSCUSSION

Recovery Efficiencies of Pesticides from Spent Hops,
Trub, Wort, and Beer. The method developed in the present
study was validated for the compounds of interest in spent hops,
trub, wort, and beer. Each matrix was evaluated at a minimum
of two levels of fortification with at least 4 replicate$gbles
4—7). Spent hop matrix spikes yielded recoveries ranging 73
116% with a limit of quantitation of 0.050 ppm and a limit of
detection of 0.023 ppm. Trub matrix spikes recoveries ranged
77—107% with a limit of quantitation of 0.001 ppm and limit
of detection of 0.0005 ppm. Recovery spikes using wort matrix
ranged 74—113% with limits of quantitation and detection of
0.001 and 0.0005 ppm, respectively, whereas beer spike
recoveries ranged 66—139% with limits of quantitation and
detection of 0.0005 and 0.00023 ppm, respectively. Limit of
guantitation (LOQ) was defined as the lowest fortification level
attempted and the limit of detection (LOD) was defined as 10%
below the smallest standard in the standard curve (128 pg/
Overall the recoveries from each matrix were acceptable and
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Figure 1. Selected ion chromatograms of 25 pg/uL of oxyfluorfen (m/z = 361, R; = 2.94 min), internal standard in 12.5 pg/uL of chlorfenapyr (m/z =
408, Ry = 3.21 min), quinoxyfen (m/iz = 309, R, = 4.12 min), tebuconazole (m/z = 250, R; = 4.51 min), fenarimol (m/z = 332, R; = 6.10 min),
pyridaben (m/z = 366, R; = 6.69 min), Z-dimethomorph (m/z = 389, R; = 8.93 min), and E-dimethomorph (m/z = 389, R, = 9.27 min).

Table 6. Spent Hop Method Validation Results (% recovery)?

compound 5.0 ppm 0.5 ppm 0.05 ppm
chlorfenapyr 99+2 103+4 90+5
quinoxyfen 97 %1 100 =2 99+4
tebuconazole 9%6+1 93+4 85+3
fenarimol 98+2 94 +4 741
pyridaben 96 +2 92+4 93+4
Z-dimethomorph 98+2 97+5 112+ 4
E-dimethomorph 98+3 100+ 4 1037
@ Number of replicates at each level is 4.
Table 7. Trub Method Validation Results (% recovery)?
compound 1.0 ppm 0.001 ppm
chlorfenapyr 92+6 99+3
quinoxyfen 98+3 107+1
tebuconazole 103+4 102 +£3
fenarimol 101+2 91+3
pyridaben 88+7 9+7
Z-dimethomorph 99+3 88+4
E-dimethomorph 100+ 4 867

@ Number of replicates at each level is 4.

show that the method developed is appropriate for the simul-
taneous determination and confirmation of agrochemical resi-
dues in the beer brewing process. Segures 1—3 for
representative chromatograms.

Pesticide Fate During the Fermentation Proces$esticides
could reportedly persist through the fermentation process in
winemaking (16—18). Therefore, it was of importance to
determine whether the compounds of interest in this study would

fenarimol, and bottz andE-dimethomorph had relatively high
residue recoveries. Of the pesticides added, tebuconazole,
fenarimol, and bothZ and E-dimethomorph remained in the
young beer after 35 days (55%, 41%, 70%, and 75% of total
residues, respectively). The other three compounds were below
the limit of quantitation (0.0005 ppm). Chlorfenapyr, quinoxy-
fen, and pryidaben were found in the trub at 34, 62, and 43%
of total residues, respectively. In addition, residues of tebu-
conazole (58%), fenarimol (48%&J;dimethomorph (22%), and
E-dimethomorph (23%) were also found and accounted for
remaining residues lost from the wort solution, such that the
sum of the values from the last monitoring sample and the trub
sample were approximately 100% of the total residues added.
These results would suggest that there is a relationship
between water solubilityk,) and the amount of pesticide found
in the aqueous wort/young beer and in the trub. The compounds
with the lowerK,,, values, such a&-dimethomorph (K, =
2.63) would be expected to be in relatively high concentration
in the wort/young beer, when compared to pyridabé€g, (=
6.37), which preferably partitioned into the lipophilic trut®].
A correlation equation was calculated by plotting Ig, (x
values) of each compound versus the corresponding percent
recovery of residues in the young begrélues). The resulting
equation way = —23.% + 130 (2 = 0.814). This partitioning
correlation was comparable to observations made for pesticide
carryover from malt 15). Also, the lower recovery of chlor-
fenapy, quinoxyfen, and pyridaben in the trub would suggest a
secondary route of loss. To address this, the carboy used in the
fermentation trial was rinsed several times with ethyl acetate
to determine if any of the more nonpolar compounds adsorbed
to the glass wall, which has been suggested by Miyake as a

survive beer fermentation. Samples were taken over a 35-daypossible route of losslg). The results of the glass wall washes

monitoring period to track the residue levelsdure 4). Upon
the spiking and pitching of the yeast, a dramatic drop in

showed only minimal residues were found1% of original
amount spiked). Therefore, the losses may be attributed to biotic

chlorfenapyr, quinoxyfen, and pyridaben residues were observedmetabolism by the yeast and/or abiotic degradation from the

in the first time point T = 0). Alternatively, tebuconazole,

relatively reductive (anaerobic) environment created by fer-
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Figure 2. Selected ion chromtograms of 0.0005 ppm recovery in beer. Oxyfluorfen (internal standard, m/z = 361, Ry = 2.95 min), chlorfenapyr (m/z =
408, R; = 3.20 min), quinoxyfen (m/iz = 309, R, = 4.13 min), tebuconazole (m/z = 250, R; = 4.51 min), fenarimol (m/z = 332, R; = 6.11 min),
pyridaben (m/z = 366, R; = 6.69 min), Z-dimethomorph (m/z = 389, R; = 8.93 min), and E-dimethomorph (m/z = 389, R; = 9.29 min).
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Figure 3. Selected ion chromatograms of 0.5 ppm recovery in hops. Oxyfluorfen (internal standard, m/z = 361, R, = 2.95 min), chlorfenapyr (m/z =
408, R; = 3.21 min), quinoxyfen (m/z = 307, Ry = 4.13 min), tebuconazole (m/z = 250, R; = 4.52 min), fenarimol (m/z = 332, R; = 6.12 min),
pyridaben (m/z = 366, R; = 6.70 min), Z-dimethomorph (m/z = 389, R; = 8.94 min), and E-dimethomorph (m/z = 389, R; = 9.29 min).

mentation (20, 21). Yet another route could be explained by Fate of Pesticides in Treated Hops during the Brewing
Henry's Law, which suggests that a low volatility and/or low Process.Prior to addition into the brew, the residue levels of
water solubility compound may escape to the atmospe (  the pesticides in the treated hops were determined. Chlorfenapyr
23). This process would be greatly facilitated by constant was 0.752 ppm, quinoxyfen was 0.245 ppm, tebuconazole was
evolution of CQ from the fermenting yeast, which would mimic ~ 0.508 ppm, fenarimol was 0.157 pp#dimethomorph was 1.23

the bubbling of air or nitrogen through a solution to determine ppm, andE-dimethomorph was 2.61 ppm. Simple dilution of
the Henry’s Law value for a given compound. hops in wort would drop expected residues to approximately
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100 the resulting trub showed only trace (above LOD, but below
LOQ) amounts of the carried over residues. These results are
80 ?\/\/‘Z‘t‘\/\/ consistent with the fermentation results mentioned above.
.. 70 - —~— With the development of t.hf'e multi-residue methqd in this
2 60 LS . - study, the fate of seven pesticides was determined in the beer
3 50 — brewing process. This new methodology was shown to be
<P rugged and sensitive for all the various matrixes, and can be
30 é\ easily scaled up for a greater number of compounds in the future.
0 The utilization of mass selective detection provided both
10 % guantitation and confirmation of residues.
0 w ‘ Pesticide residues found on commercially treated hops were
0 10 20 30 40 shown to not carry over into the beer at an appreciable level,
Days except for dimethomorph. Even then the level of residue was
Figure 4. Residue monitoring during fermentation spike experiment. Initial still very low, given the high level of residues found on the
fortification level was 1.0 ppm. Each point represents an average of raw commodity. As a result, the potential risk of pesticide

exposure from the consumption of beer produced from hops

duplicate experiments. ) ! TouUL
treated with the seven agrochemicals studied is low.
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