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Abstract — The organophosphate insecticide coumaphos has recently received emergency approval
in the United States for control of fluvalinate-resisiatroa destructoand the small hive beetle,
Aethina tumidaMurray. We investigated the transfer of coumaphos from wax into syrup and honey,
using adsorption of coumaphos from diluted syrup or honey onto a solid-phase extraction cartridge,
elution, and subsequent analysis. Coumaphos in syrup was quantitated using HPLC with UV detec-
tion, and we found that coumaphos migrates from wax into syrup, with low concentrations increas-
ing over a few months. Concentrations reached 200—-300 ppb in 100 g of syrup in contact with 10 g
of wax containing 1000 ppm of coumaphos; contact with wax containing 100 and 10 ppm led to
lower amounts. Impurities made HPLC determination of coumaphos in honey impossible, but the solid
phase extract could be analyzed by gas chromatography/mass spectrometry. Concentrations in honey
were similar to those in syrup, reaching 430 ppb after 26 weeks at 1000 ppm in wax.

coumaphos / wax / honey / residues / pesticide contamination

1. INTRODUCTION Varroa jacobsonOudemans (nowarroa
destructorAnderson and Trueman (Ander-
Coumaphos (‘Perizin" Bayer Corp_) Wasson, 2000, Anderson and Trueman, 2000)
first investigated as an apicultural acaricidén Germany in 1985, as an emulsion applied
by Ritter (1985) and Neuhauser (1985) andlirectly to the bees and frames (Neuhauser
approved for use against the parasitic mitand Krieger, 1988). The distribution of
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coumaphos within the colony and the effectof 67% w/w (sucrose:water 2:1 by weight,
on bees were studied by van Buren et a‘2:1 syrup’) was used. Unless otherwise
(1992a). specified, references to ‘syrup’ refer to this
formulation. Honey was a blend of several
commercial products obtained from a local
grocery store. Analysis of this blend prior
to experiments showed no coumaphos.
Coumaphos was an analytical standard from
Chemagro (now Bayer Animal Health,
Since honey is used for human con-Shawnee Mission, KS), nominally 98.7%
sumption, several groups have conductepure. Methanol and acetonitrile (both HPLC
coumaphos residue analyses on wax argrade) and oxalic acid dihydrate (ACS
honey. Neuhauser and Krieger (1988 reagent grade) were obtained from Aldrich.
claimed that residues in honey did noiBeeswax was from a supply obtained from
exceed 1Qug/kg (parts per billion, ppb, parts Betterbee (Greenwich, NY) before the reg-
per 10) even after several years’ use stration of coumaphos in the US. No evi-
Thrasyvoulou and Pappas (1988) found corgence was found for the presence of any
centrations in Greek honey of up to 6 pptcoumaphos in this wax (absence of any
and in wax of up to 2.83 mg/kg (parts pelcoumaphos from samples of syrup or honey
million, ppm, parts per . Similar residue jn contact with control wax). Water was

levels were found in honey by others (Gallcyrified with a Nanopure apparatus (Barn-
and Genduso, 1986; Van Buren et al.giead/Thermolyne, Dubuque, 1A).

1992b; Fernandez Garcia et al., 1994; Garci
et al., 1996), and but were not detected il  An initial concentrate of coumaphos was
honey by Fernandez Muifio et al. (1997). Irprepared by dissolving coumaphos (50 mg)
the laboratory, Wallner (1992) showed thain beeswax (50 g) to yield a concentration of
coumaphos could be transferred into hone1 mg/g of wax (1000 ppm). This was used
at detectable levels (0.5 ppb) from wax confor the highest concentration, and dilutions
taining as little as 1 ppm of coumaphos, witfof the concentrate were used for the 100 and
concentrations increasing with higher wax10 ppm concentrations, with enough
concentrations. A later paper (Wallner, 1995ntreated wax to make a total of 10.0 g in
provided further data; concentrations oleach case. The wax samples (10 g) were
coumaphos in honey of from 0.7 to 94 pptplaced in the bottom of 250 mL Erlenmeyer
resulted from contact of honey with thinfiasks, melted on a hot plate, swirled to mix,
layers of wax containing from 1-400 ppm ofand allowed to cool. Concentrations of
coumaphos in 30 days at 30 °C. Analysicoumaphos in the wax were not assayed
was carried out by solid-phase extractiorgjrectly. A model system was used instead.
and gas chromatography, but experimentia soution of 1000 ppm of Cl disperse blue
details beyond that were not given. Wej4 (1 4-bis(methylamino)anthraguinone) in
decided to investigate the transfer Ohyayx was prepared; dilution of 0.5 g of this
coumaphos from contaminated wax intCyith 10 g wax gave a homogeneous light
syrup and honey under laboratory condigreen color in a shorter time of swirling than
tions. that used for the coumaphos. Since the
coumaphos was dissolved in the molten
wax, it would not be expected that difficul-
2. MATERIALS AND METHODS ties would occur in the mixing. In another
study, coumaphos concentrations observed
Syrup was prepared from SigmaUltra gradin wax were reported to be similar to those
sucrose (Sigma). A syrup concentratioradded (Fries et al., 1998).

The organophosphate insecticide
coumaphos has recently received emergent
approval in the United States for control of
fluvalinate-resistanV. destructorand the
small hive beetleAethina tumidaMurray.
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Syrup or honey (100 g) was added to thextract solutions onto a 3 mm250 mm
flasks, which were stored in an incubator atolumn packed with ¢ silica gel (Supel-
34 °C in the dark. Flasks were not agitatedosil LC-18-DB, 5um patrticle size, Supelco,
during incubation. In the case of the honeync., Bellefonte, PA), using a full 20L
samples, two flasks of each concentratioinjector loop. For the syrup runs, flow rate
flasks were prepared, and were samplewas 0.7 mL/min of methanol-acetoni-
alternately at successive sampling timedrile—0.01 M oxalic acid (20:30:50 by vol-
Two sets of flasks were used to extend theme) (Oka et al., 1994). The oxalic acid was
duration of the experiment without changingnecessary for other analyses being carried
the honey/wax ratio any more than necesPut at the same time, and caused no prob-
sary. In the syrup study, only 3 samples wertems for the coumaphos analyses reported
taken over the 20 weeks, whereas in theere. Coumaphos was detected at a wave-

honey study, 11 samples were taken ovefngth of 315 nm with a SpectraSYSTEM
26 weeks. Available incubator space lim-UV2000 detector and quantitated with an

ited the number of flasks we could use SP4400 integrator (Thermo Separation Prod-

Syrup samples were taken over 20 week4Cts, San Jose, CA). Range was 1.0 absor-
before the samples developed mold; honepa_nc? units full scale for all analyses. Each
samples were taken over 26 weeks beford0INtis the average of three injections. Injec-
the viscosity of the honey became too highions of a series of coumaphos standards in
for convenient sampling. the range of 0.2 ng2y gave a linear plot
Flasks were sampled using a pipette tWlth an average detector response of 6438

withdraw aliquots and weighing out 5.0 g?jetec.tor un|t§/ng.

of sample from the pipette into a 50-mL This technique could not be used for anal-
Erlenmeyer flask. Coumaphos was isolatedS€S in honey, since some of the honey pig-
from the samples using solid-phase extrach€nts coeluted with the coumaphos and
tion cartridges (Oasis HLB, 200 mg/6 mL, Mmade quantitation difficult. Coumaphos in
Waters, Inc., Medford, MA), with the aid Noney was therefore analyzed by gas chro-
of a vacuum manifold (Pierce, Rockford, Matography/mass spectrometry using a sim-
IL). Cartridges were conditioned with ilar solid-phase extraction, but the final elu-

methanol (1 mL), followed by water (1 mL). tion was with 1 mL of toluene. An aliquot of

Honey or syrup (5 g) was diluted with Waterthe toluene fraction (1.QL) was injected

(10 mL) and passed through the conditione?y an on-column injector (J&W Scientific,

cartridge. After passage of 5% methano”gf;rzbﬁﬁ‘% r?rzgjoarsgts;?kgtzxgrmﬁ fgp'
0, ) . ’
(1 mL), followed by 100% methanol (1 mL), 0.25um df, column head pressure 0.9 bar,

the coumaphos was eluted with acetonitril :
(ImL). The 100% methanol and acetonitrile(?Q estek Corporation, Bellefonte, PA). The

; initial column temperature of 60 °C was held
fractions were collected separately, as th'faor 1 minute, then the temperature was raised

methanol fraction sometimes contained 30 °C/min to 270 °C and held at 270 °C for
little coumaphos. The two fractions Were 4 = minutes (total run time 26 minutes).

analyzed separately, and coumaphos CoR- o o4 1ymn effluent was analyzed on a
centrations were added to obtain the fin innegan GCQ mass spectrometer
result. We did not investigate adsorption o Finnegan MAT, San Jose, CA) operated in
coumaphos onto the walls of the varioug,qsitive electron impact mode (70 eV) at a
glass and plastic objects involved in the, rce temperature of 165 °C. The transfer
assay. line between the GC and the source was

Coumaphos was determined in syrugheld at 275 °C. The amount of coumaphos
extracts by high performance liquid chro-was determined by comparison of sums
matography (HPLC) by direct injection of of ions at m/z 362, 334, and 306 in the
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sample vs. the sum of the same ions in a 3. RESULTS AND DISCUSSION
2.5 ng injection of authentic coumaphos.

Injection of a series of coumaphos standards Coumaphos was extracted from wax into
in the range of 0.1-25 ng gave a linear plotsyryp at low but detectable concentrations,
Estimated minimum quantifiable con- increasing to an apparent equilibrium after
centrations (using spiked samples) wer@—-3 months. An initial experiment using
4 ppb in syrup (2QL injection) and 10 ppb  75% syrup (3:1 syrup) in contact with wax
in honey (L injection). containing 1000 ppm of coumaphos gave

Data reduction and plotting were per-& concentration of up to 360 ppb (data not
formed with GraphPad Prism ver. 3.0Shown), but since crystals of sucrose were
(GraphPad Software, Inc. San Diego, CA)deposited on the wax, this concentration
All concentrations in ppm refer to Was notinvestigated further. Syrup (2:1) in

coumaphos in wax; concentrations in syrugontact with wax containing 1000 ppm of
and honey are expressed in ppb. coumaphos reached concentrations of

200-340 ppb after 19 weeks (Fig. 1a). Wax
containing 100 and 10 ppm of coumaphos
gave concentrations in syrup of 20—40 and
—— 100 ppm 8-12 ppb, respectively after the same time
——10ppm interval. We have no explanation for the

3004 apparent high coumaphos concentration at
8 weeks. It may have been a sampling arti-
fact. The syrup became slightly moldy after

3 months, so the experiment was terminated.
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wax similarly extracted the insecticide from
the wax (Fig. 1b). After 12 weeks, honey
in contact with wax containing 1000 ppm
of coumaphos had extracted 300 ppb. After

500- the same interval, honey extracted 15 ppb
coumaphos from wax containing 100 ppm.
After 26 weeks, the concentration of couma-
phos in honey exposed to wax containing
1000 ppm had increased to 430 ppb and was
2004 still increasing slowly. Concentration in
honey exposed to wax containing 100 ppm
had reached 37 ppb after 26 weeks, and was
— also still increasing slowly. Coumaphos
could not be detected in honey in contact
with wax containing 10 ppm. Greater con-
Figure 1. Transfer of coumaphos from wax into tact area would presumably have allowed

syrup and honey (legend is concentration ogquilibrium to be approached more rapidly.
coumaphos in wax)A( Plot of coumaphos con-
centration vs. time in sucrose syrup (100 g) in

i € In contact with uncontaminated wax, nei-
contact with wax (10 g) containing coumaphos ather syrup nor honey showed any couma-

10, 100, and 1000 ppm, determined by HPLC, hos: th trol t sh in the fi
(B) Plot of coumaphos concentration vs. time i 0s, the controls are not snown In the lg-
honey (100 g) in contact with wax (10 g) con-Ures. This supports the assumption that the
taining coumaphos at 10, 100, and 1000 ppmyax purchased was free of serious coum-
determined by GC-mass spectrometry. aphos contamination.
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Honey and syrup sample sizes were iLorsque I'expérience a démarré, aucun
each case 5 g. Larger samples would hav@sidu de cet insecticide n’était autorisé dans
given greater sensitivity to coumaphos ates produits de la ruche. Nous avons utilisé
the expense of decreased number of sanae méthode analytique qui fait intervenir
pling points. The extreme of this was thel'adsorption de coumaphos a partir d’échan-
type of study reported by Wallner (1992, tillons de sirop/miel dilués sur une cartouche
1995) in which the wax was cast in a thind’extraction en phase solide ; on procéde
layer in a petri dish, covered with honey,ensuite a I'élution puis a une analyse pour
and the entire honey layer was analyzeddéterminer I'extraction du coumaphos a par-
We decided to sacrifice the sensitivity oftir de cire contaminée et son incorporation
this method for the ability to follow the dans le sirop ou le miel. Le coumaphos dans
extraction over time. le sirop a pu étre quantifié par HPLC et

. étection UV, mais les impuretés présentes
It is clear from our results and those ofd P P

Wallner that coumaphos can be transferregans le miel ont _re_n_du Fanalyse par HPLC
: . u coumaphos difficile. Le coumaphos dans
from wax into either honey or syrup. Con-

centrations are < 1 ppm, even with highIes extraits de miel a été déterminé par chro-

concentrations in wax, but they are readil matographie en phase gazeuse couplée a la

detectable using the proper techni ue‘)s/spectrométrie de masse. Nos résultats
When this work \g/]vas stgrtep d. there wgs n rnontrent que le coumaphos peut étre trans-
' $éré dans la cire a partir du sirop ou du miel

tolerance for coumaphos in either wax or, . .
: avec des concentrations qui augmentent sur
honey in the US, so transfer of coumapho

into honey was a potentially serious prob_auelques mois. La concentration finale est

néanmoins faible avec seulement 200 a
lem. In August 2000, the US EPA granted %300 ppb pour 100 g de sirop en contact avec

thc:)lger)an;nedf%; oum?rﬁ)gzses?/{/;xo(oEﬁ\?itr)olr?-lo g de cire renfermant 1000 ppm de cou-
y PP maphos au bout de 19 semaines. Le sirop en

mental Protection Agency, 2000). Both ourcontact avec de la cire renfermant 100 ou

results and those of Wallner suggest that fO{o ppm de coumaphos contenait aussi des

any concentrations of coumaphos in wax s .
Y b antités décelables de coumaphos, mais

below the tolerance, there will not be a IevthJes nétaient respectivement que de 30 et
in honey that exceeds 100 ppb. Nonethe: P q

less, in order to minimize potential con-10 ppb (Fig. 1a). Les concentrations dans
tamination, it would be prudent to avoidle m_|eI étaient semblables a celles du sirop,

) : tteignant 430 et 37 ppb au bout de 26 semai-
using any combs having had any contac

with coumaphos for extracted honey, resen. es pour des miels en contact avec de la cire
ing them only for use in the brood Cham_renfermant respectivement 1000 et 100 ppm

ber de coumaphos, mais nous n’avons pas pu
' détecter de coumaphos dans le miel en
contact avec de la cire renfermant 10 ppm de
coumaphos. (Fig. 1b). Pour de la cire pré-

sentant des résidus inférieurs au nouveau
seuil toléré de 100 ppm, les taux de couma-

du sirop ou du miel.L'insecticide organo- phqs Qans le miel ne devraient pas exceder
. la limite de 100 ppb tolérée aux USA par

phospo,re cqumaphos est utilisé en Eur0pI'EAgence de protection de I'Environnement
contre l'acarie’vVarroa destructorll a recu ;(EP A)

récemment une autorisation d’'urgence au

Etats-Unis pour lutter conté. destructor

résistant au fluvalinate et contre le petittoumaphos / résidu / contamination /
coléoptere des rucheBethina tumida miel / cire / pesticide

Résumé — Etude comparative du trans-
fert du coumaphos dans la cire a partir
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Zusammenfassung — Ein Vergleich des an Coumaphos unterhalb der neu bestimmte
Transfers von Coumaphos aus Bienen- Toleranzgrenze von 100 ppm Coumaphos
wachs in Zuckerldsung oder HonigDas liegt, dirfte die Toleranzgrenze von 100 ppb
auf Organophosphat beruhende Pestizion Honig nicht Uberschritten werden.
Coumaphos wird in Europa zur Bekamp-
fung der MilberVarroa destructobenutzt. Coumaphos / Wachs / Honig / Riick-
Vor kurzem erhielt es eine ,Notregistrie- stande / Kontamination durch Pestizide
rung”“ in den Vereinigten Staaten, um es als
Bekampfungsmittel gegen Fluvalinat wider-
standsfahig&arroa Milben und gegen den
kleinen Beutenkafer einzusetzen. Zur Zeit
des Versuchsbeginns waren keine Riick- S N
stande von Pestiziden in Bienenprodukteﬁ”deftso\r} D.L. (?OOOI)O Va”.gt'od” '”Ath% plara.s't'?flbee
g mite Varroa jacobsoniOud., Apidologie 31,
zugelassen. Um den pbergang von Co_u— 281-292.
maphos von kontamm'_ertem Wa,lChS MAnderson D.L., Trueman J.W.H. (2000arroa jacob-
ZUCkerwa_Sse_r und Honig Zu bestimmen,  soni(Acari: Varroidae) is more than one species,
fuhrten wir die Analyse mit Methoden  Exp. Appl. Acarol. 24, 1-25.
durch, die eine Adsorption von Coumaph0§nv;ronr_neéltal lTrotection ngency (2000) Coumaphos;
i _ - esticide tolerances for emergency exemptlons,
ausbverdu?nt_en 'Z:uclger:wasser . bi‘;" HONIG- " £od Register 65, 49927-49936.
pro .en "?‘“ eine Fesip asenex ra I0n§sau}'—eernandez Garcia M.A., Riol Melgar M.J., Herrero
sowie eine anschiende Elution ermdg- Latorre C., Garcia Fernandez M.1. (1994) Evidence
lichten. Im Zuckerwasser konnte Couma- for safety of coumaphos, diazinon, and malathion
phos im HPLC (HochdruckfIUSSigChroma- residues in honey, Vet. Human Toxicol. 36,
tograph) mit UV — Detektor quantifiziert 429-432.

d ber i . h . Fernandez Muifio M.A., Sancho M.T., Simal-Gandara
werden, aber im Honig machten Verunrei- ~3 " creys-vidal J.M., Huidobro J.F., Simal-Lozano
nigungen die HPLC — Analyse schwierig. J. (1997) Acaricide residues in honeys from Galicia
Deshalb wurde Coumaphos aus Honigpro- (N.W. Spain), J. Food Prot. 60, 78-80.
ben nur mlt dem GCMS (Gaschromatograph_'rles 1, Wallner K., Rosenkranz P. (1998) Effects on

. . Varroa jacobsonirom acaricides in beeswax,
mit Massenspektrographen) bestimmt. J. Apic. Res. 37, 85-90.
Wir stellten fest, dass Coumaphos vorfallo C., Genduso P. (1986) Chemical control with

[P _coumaphos (Asuntol) and amitraz agaMatroa
Wachs auf _Zugkervyasser oder H(_)nlg Ub.er jacobsonin Sicily, in: Cavalloro R., Balkema A.A.
geht, wobei sich die Konzentrationen im  (gds.), European Research on Varroatosis Control:
Laufe mehrerer Monate des Kontakts erhdh- Proceedings of a meeting of the EC Experts’ Group,
ten. Insgesamt ist die Konzentration in Badls'gmlb?“srg' 15-17 October 1986, Rotterdam,
100 g Zuckerwasser nach einer Kontakizeit PP 2 15=215.
. arcia M.A., Fernandez M.1., Herrero C., Melgar M.J.

von 19 Wochen mit 10 g WlaCth das™ (1996) Acaricide residue determination in honey,
1000 ppm Coumaphos enthélt, mit nur Bull. Environ. Contam. Toxicol. 56, 881-887.
200-300 ppb jedoch gering. Zuckerwassemeuhauser H. (1985) Information tber den Wirkstoff
das mit Wachs mit 100 ppm bzw. 10 ppm des Perizin, Apidologie 16, 217-219.
Coumaphos in Kontakt stand, enthielt ebenNeuhauser H., Krieger K. (1988) Chemical control of
fall hweisb M ’ c Varroa jacobsonin honey bees from the animal-
alls nachweisbare Mengen von LoUuma- negjth industry aspect, in: Needham G.R., Page
phos, aber nur 30 bzw. 10 ppb (Abb. 1a). R.E.Jr., Delfinado-Baker M., Bowman C.E. (Eds.),
Die Konzentrationen im Honlg waren ahn- Africanized Honey Bees and Bee Mites, John Wiley
lich wie die im Zuckerwasser, sie erreichten k: ﬁor:i’a 'i\lf(w L‘;g‘élfswi?_?;:gu da K. Harada
430 und 37 pp_b nach 26 WQChen’ mit eine KI Suzuki M. (1994) Imp.r’ovement of chemical
Ausnahme: wir konnten kein Coumaphos analysis of antibiotics. Part XIX: Determination of
im Honig nachweisen, der mit Wachs in tetracycline antibiotics in milk by liquid chro-
Kontakt stand, das nur 10 ppm Coumaphos matography and thin-layer chromatography/fast

; . atom bombardment mass spectrometry, J. A. O. A.
enthielt (Abb. 1b). Bei Wachs, dessen Gehalt c. int. 77, 891-895.
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