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Abstract

Analytical methods for the simultaneous analysis of lindane, chlorpyrighddprfenvinphos, endosulfan A and B, 4@DE, 4,4-TDE,
acrinathrine, bromopropylate, tetradifon, coumaphos and fluvalinate in pure beeswax samples are studied. For the analysis of bleached
beeswaxes, a liquid—liquid extraction with acetonitrile followed by a clean-up on polymeric cartridges is the best option in terms of recovery
and precision. However, some interferences that hinder the identification and quantification of important varroacides are found when non-
bleached beeswaxes are analyzed. The analysis of all compounds in the latter samples require a clean-up by coupling an ODS cartridge
before the polymeric cartridge. Considerations about the influence of the matrix in the quantitative analysis by a classical external standard
calibration are also made and the use of a matrix-matched calibration is advised. Recoveries resulted to be about 100% with coefficients of
variation between 10% and 20% £ 5) for concentrations of 0.5 and 5 mg/kg.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ysis of several analytes. So, methods for the analysis of var-
roacides such as amitrz,2], fluvalinate[3,4], flumethrin
Beeswax secreted by bee glands is a reservoir of lipophilic [5], bromopropylateg6,7], malathion and coumaphd8],
and non-volatile xenobiotics that can diffuse towards other bromopropylate, cymiazole and chlordimefof&j, thymol
apiarian products yielded in beehives, such as honey, propo-and other essential 0i[®,10] have been published. As re-
lis and royal jelly. Among these products, there are many gards the pesticides used in the surrounding crops that can
pesticides that reach the hives as a consequence of the phyalso affect beehives, there are methods for parathion-methyl
tosanitary treatments given by apiarists and the picking ac-[11] and bromofenvinphoEL2]. Sample preparation proce-
tivity of the bees. dures for organochlorine compounds such as DDE, poly-
Most of the analytical methods of pesticide and var- chlorinated biphenyls and chlorobenzei&3], and for the
roacide residues in beeswax deal with the determination of fungicides benomyl and carbendazime in beeswax have also
an only compound, although the manuscript tackles the anal-been describeftl4]. Those methods are mainly based on
acetonitrileh-hexane partitionings and the use of Florisil

- packed columns, before determining the analytes by a chro-
Presented at the 3rd Meeting of the Spanish Association of Chromatog- matographic technique

raphy and Related Techniques and the European Workshop: 3rd Waste Water .. . . .
Cluster, Aguadulce (Almeria), 19-21 November 2003. The content of p(_ast|C|des in pure beeswax is very vari-
* Corresponding author. Tel.: +34 983423262: fax: +34 983423013, able, but relatively high amounts have been found just after

E-mail addressjjimenez@qa.uva.es (J.J. Bnez). beehive treatments, which is symptomatic of the build-up of
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these residues in beeswax. According to studies carried out instadt, Germany). Estrata 500 mg ODS-E cartridges were pur-
Switzerland and Germany, bromopropilate, coumaphos andchased from Phenomenex (Torrance, CA, USA). Florisil of
fluvalinate are compounds often present; their concentrations60—-100 mesh was supplied by Fisher Scientific Company
varied from 0.5 to 5 mg/kg in most casd$,16] (Springfield, NJ, USA).

Then, it is necessary to have reliable analytical methods Pesticide stock solutions were made in acetone. Mixtures
that allow to establish the possible occurrence of lipophilic of these pesticide solutions were used to make the assays
compounds, specially pesticides, in beeswax, with the aim of and the conventional calibration standardsinthe 0.01-1 mg/L
preserving the quality of beehives, and in particular, of the range;forthis purpose, dilutions were made with acetone. As-
apiarian products intended for human consumption. says were made on bleached beeswax from Fluka (Steinheim,

In this work, some procedures of sample preparation: a Germany) and beeswax samples supplied by beekeepers.
liquid—liquid extraction with acetonitrile or methanol of the
beeswax dissolved in-hexane, and a solid-phase extraction 2.2. Sample preparation
(SPE) on different sorbents have been assayed to determine
simultaneously often-used varroacides, lipophilic insecti- Some beeswaxes obtained from beekeepers required a
cides and two degradation products very widespread in theprevious rinse step to remove strange substances: honey,
environment of DDT (4,4TDE: 1,1-dichloro-2,2-bis(4- bees, propolis, etc. This step started with the boiling of a
chlorophenyl)ethane and 4-BDE: 2-(4-chlorophenyl)-  water—beeswax mixture for 20 min. Then, the mixture was
2-(4-chlorophenyl)-1,1-dichloroethene) in beeswax. The cooled at room temperature, the water was substituted for
cartridges for SPE were based on poly(divinylbenzene—co- fresh water and the heating was repeated once again. So, im-
N-vinylpirrolidone) (Oasis cartridges) and octadecylsilane purities were dissolved in water and placed at the bottom
(ODS) with different carbon loading, endcapping and spatial of the solidified beeswax (less dense than water), impurities
distribution of the functional groups. The experiments were from beeswax were then removed with a scraper.
initially made on bleached beeswax and, afterwards, the A solution of analytes in acetone was added to beeswax to
selected procedures were applied to non-bleached beeswaxeachieve a concentration of 0.5 and 5 mg/kg for each pesticide.
collected directly from beehives. The determination of the The beeswaxwas melted at, then, the pesticide standard
analytes in the extracts was carried out by capillary gas chro-solution was added and the mixture was homogenized with
matography with electron-capture detection, and the amounta rod before solidifying.
of residues really present in the extracts was determined by a  Spiked samples were kept at room temperature and dark-
standard addition calibration method in order to discuss the ness for 5 days at the maximum.
influence of the matrix in a conventional quantification, which
was performed by a calibration with standards dissolved in 2.3. Liquid-liquid extraction
organic solvent. The use of a calibration with extracts of
spiked beeswaxes was considered for routine analysis. Beeswax (0.1 g) was dissolvedirhexane and placed ina

decantation funnel. A volume of 10 mL of solvent was added
and the mixture was mechanically shaken for 15 min. Ace-

2. Experimental tonitrile and methanol were studied as extraction solvents, it
was necessary to add 2 mL of methanol after the extraction to
2.1. Material and reagents improve the separation of the phases when acetonitrile was

used. The number of extractions (one or two) with this latter
Residue analysis grade-hexane, acetonitrile, ace- solvent was also studied. The collected extract was evapo-
tone, ethyl acetate, 2-propanol, methanol, chloroform, and rated and the residue was dissolved in 1 mL of acetone. Fi-
dichloromethane were supplied by Scharlau (Barcelona, nally, the extract was filtered through PTFE, 058 pore
Spain) and Lab-Scan (Dublin, Ireland). Ultrapure water was size.
obtained from a Milli-Q plus apparatus (Millipore, Mil-
ford, MA, USA). Pesticide and degradation product certi- 2.4. Solid-phase extraction and clean-up
fied standards were purchased from Dr. Ehrenstorfer (Augs-
burg, Germany). Mechanical shakers were obtained from 2.4.1. Commercial cartridges
Selecta (Barcelona, Spain) and a RE-111 rotary evaporator A 10 mL extract obtained after the extraction with ace-
from Buchi (Plawil, Switzerland). For sample preparation, tonitrile by the above-described procedure was diluted with
PTFE disposable syringe filter units, 04501 pore size, were 200 mL of water. A study about the extraction of the target-
obtained from Microfiltration Systems (Dublin, CA, USA). compounds from the water—acetonitrile mixture by 500 mg
Industrial gases (99.999% minimum purity) were obtained ODS, 500 mg ODS-E, 500 mg terc ODS and 200 mg Oasis
from Carburos Méitlicos (Barcelona, Spain). HLB cartridges was done. Firstly, the cartridges were rinsed
For SPE, 100 and 500 mg ODS, 500 mg terc-ODS, 500 mg by successive elution of 10 mL of methanol and 10 mL of
Florisil and polymeric Oasis HLB 200 mg cartridges were water. After that, the sample was percolated through the car-
supplied by Waters (Milford, MA, USA) and Merck (Darm-  tridge at about 5 mL/min using a suction system. Then, the
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solvent was removed from the cartridges by pulling nitrogen 2.4.3. Florisil packed columns

through it for about 20 min. The extract was eluted with 4 mL Florisil was activated by heating at 120 for 4 h. A glass

of an organic solvent after leaving the solid phase to soak for column of 1 cm ID was prepared with a slurry of 4 g of Florisil

5min. Ethyl acetate, methanol and acetone were tested asn n-hexane and compacted with a rod. Once ready, the col-

eluents. Finally, the eluate was evaporated and the residuaumnwas loaded with 1 mL of beeswax solution in chloroform

dissolved in 1 mL of acetone. (0.1 g/8 mL) and eluted by gravity with 25 mL of solvent. Two
solvents, ethyl acetate and 1lrthexane/dichloromethane
mixture, were used, always preventing the column from dry-

2.4.2. Clean-up procedures coupling two cartridges ing. Then, the eluate was evaporated in a rotary evaporator at
Two different clean-up procedures were assayed: the cou-4g°¢ under vacuum, and the residue dissolved in 0.5 mL of
pling of two cartridges during the extraction step of the .aione.

water—acetonitrile mixture, and the coupling of two cartridges
during the elution of the analytes. To this purpose, 200mL 5 5 Ggas chromatography analysis
of water were added to the 10 mL acetonitrile extract, Oasis
cartridges were used to retain the analytes, and ethyl acetate a, Hewlett-Packard (Avondale, PA) 5890 gas chromato-
to elute them from the cartr'ldges (thege Worklng conditions graph equipped with an HP7673 auto-sampler, an electron-
were the best ones, according to previous experiences). capture detection (ECD) system and two 60410.25 mm

For the extraction of the water—acetonitrile mixture, 100 capillary columns coated with a 0.2%n thick film of 5%
or 500 mg ODS cartridges, conditioned by elution of 10mL  yhenyimethylpolysiloxane from Phenomenex and Hewlett-
of methanol and 10mL of water, were coupled before the packard, were used. The oven temperature program was as
previously conditioned Oasis cartridges by using an adap-|iows: initial temperature 50C, held for 1 min, then a
tor (Fig. 1A). The sample was eluted through the cartridges 15°c/min ramp to 160C, and finally a 2.2C/min ramp to
with the help of a suction system and the ODS cartridge was 300°C, held for 60 min. The carrier gas (He) flow-rate was

discarded. Then, the Oasis cartridge was dried, the analytegy g mi/min. measured at 5C. Splitless injection (L)
were eluted with ethyl acetate and the evaporated residue wag, 55 carrieé out at 225, and the purge valve was on at

dissolved in 1 mL of acetone, as above-mentioned. 1 min. Argon—-methane (90:10) was used as an auxiliary gas
For the Oasis cartridge elution, 500 mg Florisil or 100mg ¢4, ECD, whose temperature was 300

ODS cartridges, both conditioned by elution of 10 mL of ethyl

acetate, were coupled behind the Oasis extraction cartridges

(Fig. 1B). Ethyl acetate (4 mL) was percolated through the 3 Results and discussion

two cartridges and evaporated. The residue dissolved in ace-

tone (1 mL) was ready for injection in GC. 3.1. Liquid-liquid extraction of the analytes in bleached

beeswax
ethyl . . . o
acetate Table 1shows the recoveries obtained with acetonitrile
and methanol for two spiking levels of bleached beeswax.
1 It can be inferred from the results that the recoveries with
methanol were low in general. The recoveries obtained with

acetonitrile were abnormally high in all cases, higher than
go 100%; moreover, they were higher for the lowest concentra-

waterfacetonitrile
extract

DS Oasis tion, 0.5 mg/kg. This fact was attributed to the influence of
the beeswax matrix in the injection port of the chromatograph
[17-20]

As regards the number of extractions with acetonitrile, the
Adaptor recoveries were higher than 100% after an only extraction,
@ Adaptor and in many cases, similar to those obtained with two extrac-

tions. For the following experimentation, one extraction with
Florisil acetonitrile was used to carry out the liquid-liquid extrac-
Oasis or tions of the beeswax dissolvedrirhexane, which simplified
oDS : . .
the sample preparation procedure. The baseline and profile
of the chromatograms were similar regardless the solvent or
extraction number.
A) B) To correct the quantitative errors arisen from the influ-

, o , , ence of the matrix in the injection port of the chromatograph,
Fig. 1. Scheme of the combination of cartridges assayed. (A) During the ex- some calibration methods are possible: a standard-addition
traction of the analytes from beeswax. (B) During the elution of the analytes . ) P o .
retained. calibration, an external-standard calibration with extracts of
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Table 1

Recoveries (in %) obtained after liquid—liquid extraction with methanol and acetonitrile of bleached beeswax dissetvedaine It = 5)
0.5mgl/kg 5mglkg
Methanol Acetonitrile Methanol Acetonitrile

One extraction Two extractions One extraction Two extractions One extraction Two extractions One extraction Two extractions

Lindane 60 85 150 247 24 37 115 126
Chlorpyrifos 58 77 193 303 34 44 148 145
z-Chlorfenvinphos 154 184 314 390 68 87 168 183
Endosulfan A 9 4 97 223 20 22 102 121
4,4-DDE 24 18 108 230 19 24 116 116
4,4-TDE 45 90 222 340 35 37 156 181
Endosulfan B 5 7 149 280 18 17 149 147
Acrinathrine 20 18 143 238 19 25 153 157
Bromopropylate 214 318 820 930 39 84 264 452
Tetradifon 54 77 208 346 25 38 146 206
Coumaphos - 10 634 412 60 64 110 199
Fluvalinate isomer 1 31 42 179 277 29 35 112 209
Fluvalinate isomer 2 51 56 192 309 27 40 115 216

0.5mg/kg and 5 mg/kg represent the spiking level; methanol and acetonitrile are the extracting solvents; () represents not detected.

a beeswax spiked with increasing amounts of the analytes ante seen inTable 2 the calibration with extracts is valid to
a calibration with extracts of a free-analyte beeswax spiked correct the quantitative errors. The recoveries were close to
with the compounds after the extraction. In all cases, the same100% with variation coefficients ranging from 4 to 12%. The
sample procedure must be accomplished for samples and calanalysis of high concentrations was more precise. The addi-
ibration standards. tion standard method allowed to determine the concentrations
Two alternatives have been assayed in this work to reducereally present in the extracts, so, it was observed that the re-
the errors derived from the matrix: a calibration with extracts coveries obtained by the liquid—liquid extraction at a concen-
of beeswax spiked (before the extraction) with the pesticides tration of 0.5 mg/kg were about 100% except for compounds
and a standard-addition calibration. For the latter option, the such as fluvalinate, acrinathrine, bromopropylate, DDE and
extract was divided into aliquots to which increasing volumes TDE, for which the recoveries decreased up to 70—-80%. As
of a standard mixture were added, always keeping the finalfor the concentration of 5 mg/kg, it was verified that the ex-
volume virtually constant. traction was slightly effective for the pyrethroids fluvalinate
Table 2shows the recoveries, precisions and correlation and acrinathrine, besides coumaphos. The values of R.S.D.
coefficients obtained by both methods. For the external- ranged from 3 to 15%n(= 2).
standard and matrix-matched calibration, a non-bleached If the recoveries obtained by standard-addition calibration
beeswax was used to obtain the calibration graph. As it canare compared with those obtained by a conventional external-

Table 2

Recoveries, relative standard deviations (R.S.D.s) and coefficients of correlatabigined by an external standard calibration method with extracts in the
0.01-1 mg/L range and by a standard addition method after liquid—liquid extraction

External standard calibration € 5) Standard addition calibration € 2)

0.5mg/kg 5mag/kg 0.5mg/kg 5mg/kg

r Recovery R.S.D. Recovery R.S.D.(%) r Recovery R.S.D. r Recovery R.S.D.

(%) (%) (%) (%) (%) (%) (%)

Lindane 0.994 101 a 92 7.2 0.992 94 8 0.978 114 2
Chlorpyrifos 0.999 106 2 94 6.3 0.995 102 B 0.991 115 55)
z-Chlorfenvinphos 0.998 96 10 99 8.2 0.994 100 8 0.995 107 %
Endosulfan A 0.994 97 12 93 9.0 0.976 92 12 0.989 103 10
4,4-DDE 0.994 94 /A 92 5.0 0.990 70 12 0.999 103 2]
4,4-TDE 0.996 102 8 100 4.3 0.990 72 8 0.999 85 ]
Endosulfan B 0.993 94 18 98 6.7 0.994 96 8 0.984 94 K]
Acrinathrine 0.998 97 3 109 7.2 0.999 84 3 0.998 40 A
Bromopropylate 0.992 102 1® 102 9.5 0.991 82 .6 0.996 96 L
Tetradifon 0.986 104 8 105 6.4 0.971 106 a7 0.981 89 L]
Coumaphos 0.982 104 il 105 9.9 0.980 90 B 0.996 68 B
Fluvalinate isomer1  0.989 110 » 104 7.7 0.990 72 8 0.997 37 1»
Fluvalinate isomer2  0.984 108 X0 97 6.8 0.988 74 a 0.995 38 16

0.5mg/kg and 5 mg/kg represent the spiking level.
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standard calibration with standards that do not match the
beeswax matrix, it can be noted that the mean concentra-
tions calculated by the classical calibration are about 205%
and 95% higher than the real ones for the spiking levels of

0.5 and 5mg/kg, respectively. However, the increase of the
recovery varied a lot depending on the compound; for in-

stance, endosulfan A was not practically affected by the ma-
trix, whereas bromopropylate and coumaphos were the most
influenced.

3.2. Solid-phase extraction of the analytes in bleached
beeswax by Florisil-packed columns

Table 3shows the recoveries and precisions achieved af-
ter eluting the columns with-hexane—dichloromethane (1:1)
and ethyl acetate and performing two different calibration
methods. The recoveries were higher in the elution with
ethyl acetate for the external standard calibration, mainly at
5mg/kg; chlorfenvinphos and coumaphos were not detected
at a concentration of 0.5mg/kg. As deduced from the stan-
dard addition method, the recoveries were close to 100% for
the lowest spiking concentration, whereas the recoveries were
notably lower for the highest concentration.

It was verified from the data achieved by eluting the an-
alytes with ethyl acetate that the beeswax matrix increased
the mean recoveries obtained by the classical calibration in
112% and 174% for the levels of 0.5 and 5mg/kg, respec-
tively, which differed from the liquid—liquid extraction re-
sults, in which the quantifications errors were higher for the
lowest concentration. The error by excess was higher for bro-
mopropylate, coumaphos and chlorfenvinphos.

3.3. Solid-phase extraction on ODS and polymeric
cartridges after liquid—liquid extraction of the bleached
beeswax

Table 4lists the recoveries and precisions obtained by us-
ing a conventional calibration and ethyl acetate as an eluentin
the bleached beeswax analysis. To this end, 200 mL of water
were added to the 10 mL extract obtained with acetonitrile,
and the mixture was percolated on four types of cartridges.
The recoveries always resulted to be higher for the concentra-
tion of 5mg/kg. The ODS and terc-ODS cartridges provided
the worst recoveries and precisions. The ODS-E cartridges
supplied, in general terms, a better precision in comparison
with the other ODS-based cartridges, and a similar precision
in relation to the Oasis cartridges. The latter were considered
as the most suitable as a consequence of the highest recover-
ies and precisions obtained.

As regards the influence of the elution solvent on the re-
coveries and precisions obtained for Oasis cartridges, the re-
coveries were similar or higher in the elution with methanol
and acetone than with ethyl acetate for 5mg/kg, although
the precision was better with ethyl acetate. At the concenx,
tration of 0.5 mg/kg, the recoveries were generally higher if 2
methanol was used, although the precision was also pooref

al

g

values and coefficients of correlatipolftained by solid-phase extraction of the analytes in bleached beeswax with 4 g Florisil columns after eluting them with different solve

two calibration methods

R.S.D

veries

Reco

Standard addition calibration

Conventional external standard calibration

=5)

5mgl/kg @

=5)

0.5mg/kg O

=5)

5mg/kg 6

=5)

0.5mg/kg b

Ethyl acetate

Ethyl acetate Ethyl acetate

Hexane—dichloromethane

Ethyl acetate

Hexane—dichloromethane

R.S.D

(%)

r

Recovery

(%)

R.S.D.

Recovery r
(%)

(%)

R.S.D.

(%)

Recovery R.S.D. (%) Recovery (%)
(%)

Recovery R.S.D.

(%)

Recovery R.S.D.

(%)

(%)

(%)

B

0.945

62
72

49

15.6

116 94 0.997

154
235

18.6

17.2 123
153
52

135
267

153
220

Lindane

0.998 Bt

0.991

15.8

0.993

94

12.4
67.4

13.9

Chlorpyrifos

18

29

78
12

22

z-Chlorfenvinphos
Endosulfan A
4,4-DDE
4,4-TDE

F
4

0.948

66
54
60

12.5

0.993

106

117

15.2 120 145

135

83
154
173

0.956 B
0994 &
0.996 1@
0.965 20
0.948
0.947 3B

0.952
71
78
74

10.0
18.9
14.7
19.9

0.997 245

0.997
0.999
0.997
0.996

137
107

8
103
102

EENER

115
149
133
153
298

22.8
10.1
45.0
47.3
39.3

113
157
94
101
53

11.0
14.5
20.0
27.9
25.6

143
197
153
166
878

101
106
2@
20
59

175
184
22

Bromopropylate

Endosulfan B
Acrinathrine
Tetradifon

D

67
34

11.5

0.999

140

23.3 83 50.2

157

63

142

192
146
146

Coumaphos

0.998 1B
0.999

61

12.5

0.999

g

77 38.7
77
0.5mg/kg and 5 mg/kg represent the spiking level; hexane—dichloromethane and ethyl acetate are eluents; (-) represents not detected.

15.0

119
116

15

35

124

Fluvalinate isomer 1

8

59

13.3

0.999

88

g

32.3

13.0

Fluvalinate isomer 2 159

93
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Table 4

Recoveries and precisions (R.S.D.s) achieved in the clean-up carried out by solid-phase extraction of the acetonitrile extract-water nfigtere cordimercial cartridges

500mg ODS-B 500 mg terc-ODS

200 mg Oasis HLB

500mg ODS3

5mg/kg

0.5mg/kg

5magl/kg

0.5mg/kg

5mg/kg

0.5mg/kg

5mgl/kg

0.5mg/kg

Recovery R.S.D.

(%)

Recovery R.S.D. Recovery R.S.D.
(%)
87

(%)

Recovery R.S.D.

(%)

Recovery R.S.D.

(%)

Recovery R.S.D.

(%)

Recovery R.S.D.

(%)

Recovery R.S.D.

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

218

98
121

703
176
402
368
245

215
283
123
307
360
161

114
169

251
119
120

117 135

188
228
153
102
88

38
165
153
157

142
142

31.7 74
127

101
143

Lindane

a3
203
207
325
377
331
199
211
312
267

85
10

32

76
63
15
20
63
38
39

58
63

12

28.4

Chlorpyrifos

35

76
75
57

66

24
75

34.2
55

18

81
60
89

z-Chlorfenvinphos
Endosulfan A
4,4-DDE
4,4-TDE

57

69
143

74
Q2

62

21.9
21.1

45

32

91

43
85
92
99
71
61

83
85

76
604
723
536
765
254
532
577

43

89
132
136

73
176

70
66
188

161
168
122
162
146
143

96
150
127
133
185
103

61

20.8

60
68
26
59

69
161
118
117

28.2 71

35.7

91

Endosulfan B

61

31

69
45

40

Acrinathrine

J.

(&

42

88
76
94

74
221

58

61

52
104

173

36.5
76.3

44

Bromopropylate

Tetradifon

74
33

56

28

13

174

69

48

53

40.6 25

10
59

Coumaphos

a7
120

88
88

81
88

88
66

20 165 94 88 44 130
162 106 90 26 123

35

124
126

5§

65
66
0.5mg/kg and 5 mg/kg represent the spiking level; cartridges eluted with ethyl aceta8. (

38.5
50.7

Fluvalinate isomer 1
Fluvalinate isomer 2 62

a Cartridge
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than in the elution with ethyl acetate. The chromatograms
were also similar.

The possibility of making a correct quantification by a cal-
ibration with extracts of spiked beeswax was also considered
after selecting the use of Oasis cartridges and ethyl acetate as
an eluent. Asitcan be observediable 5 the calibration with
extracts is a valid alternative to overcome the quantitative er-
rors derived from the matrix; the recoveries are about 100%
with coefficients of variation ranging from 6.4 to0 11.9%. The
amounts really present in the extracts were higher for the con-
centration of 5 mg/kg, except for chlorpyrifos, endosulfan A
and DDE, as checked by the addition standard method. The
mean error by excess was now of 39% and 89% for 0.5 and
5mg/kg, respectively.

3.4. Selection of the extraction procedure and
application to non-bleached beeswaxes

The liquid-liquid extraction, followed or not by a
solid-phase extraction on polymeric cartridges as a clean-up
mode, was the most advisable procedure for the analysis of
bleached beeswax on account of the bad precision achieved
in the use of Florisil-packed columns. The liquid-liquid
extraction without a clean-up step or the procedure that
also involved the solid-phase extraction were similar: both
required a matrix-matched calibration, the chromatograms
were acceptable, and the precisions and detection limits were
of the same order. These detection limits were calculated
as three times the signal-to-noise ratio on diverse chro-
matograms, and varied between about 0.005 and 0.04 mg/kg,
according to the analyte.

When these extraction procedures were applied to sam-
ples of non-bleached beeswax collected from beehives af-
ter rinsing them with boiling water, the chromatograms had
a higher number of chromatographic peaks, some of them
hindered the identification and determination of target com-
pounds such as coumaphos and fluvalinate, two widely used
varroacides. The extraction with Florisil-packed columns did
not improve substantially the chromatograms and the gas
chromatography with columns of different manufacturers
was not useful either to separate the interferences. It was
ascertained by mass spectrometry that the interfering com-
pounds eluted at the end of the chromatogram were mainly
flavones, which color the beeswaxes. As a consequence,
the study of new clean-up procedures of the extracts was
necessary.

3.5. Clean-up combining two extraction cartridges to
analyze non-bleached beeswax

Acetonitrileh-hexane, methanatthexane and sodium
hydroxideh-hexane partitionings (the two latter previous
dissolution of the extract im-hexane after evaporating
the acetonitrile) were assayed for the liquid-liquid ex-
traction procedure; they did not supply good results. In
the solid-phase extraction, the cartridges were rinsed with
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Table 5
Recoveries R.S.D. values and coefficients of correlatipalftained by an external standard calibration method with extracts in the 0.01-1 mg/L range and by
a standard addition method after the clean-up carried out by solid-phase extraction on Oasis cartridges

External standard calibration € 5) Standard addition calibration € 2)
0.5mg/kg 5mg/kg 0.5mg/kg 5mag/kg
r Recovery R.S.D. Recovery R.S.D. r Recovery r Recovery
(%) (%) (%) (%) (%) (%)
Lindane 0.997 106 a 104 64 0.977 90 0.996 104
Chlorpyrifos 0.997 101 2 106 73 0.996 99 0.998 60
z-Chlorfenvinphos 0.999 83 13 107 116 0.997 43 0.999 98
Endosulfan A 0.999 117 .8 103 84 0.987 51 0.996 43
4,4-DDE 0.943 94 138 97 65 0.989 42 0.998 37
4,4-TDE 0.976 92 100 93 68 0.983 73 0.982 85
Endosulfan B 0.999 86 .2 101 80 0.997 78 0.992 94
Acrinathrine 0.978 108 8 106 74 0.997 75 0.998 94
Bromopropylate 0.988 97 5 108 119 0.965 81 0.939 106
Tetradifon 0.952 87 13 99 103 0.979 46 0.961 103
Coumaphos 0.923 92 v 90 109 0.933 23 0.908 101
Fluvalinate isomer 1 0.941 93 .B 103 73 0.975 78 0.924 98
Fluvalinate isomer 2 0.937 89 1m0 103 79 0.974 84 0.910 101

0.5mg/kg and 5 mg/kg represent the spiking level.

dichloromethane, methanakhexane and water—2-propanol pling of the cartridges in the analyte elution step (Sige 1B)
mixtures, but the interferences were not removed either. did not resolve the interferences that affected fluvalinate and
The cooling of the extracts te-10°C, and a subsequent coumaphos. In the coupling during the extraction step (see
filtration, removed beeswax particles, but it was not useful Fig. 1A), the 500 mg ODS cartridges retained greatly the tar-
to diminish the interference chromatographic peaks. getcompounds, whereas the coupling of ODS cartridges with

Better results were achieved by coupling two cartridges in lower capacity (100 mg) to the Oasis cartridges was the best
series, either during the extraction of the acetonitrile/water option to detect and quantify all the analytes, particularly
mixture or during the elution with ethyl acetate of the ana- fluvalinate and coumaphos. The interfering peaks had been
lytes retainedTable 6shows the recoveries obtained for a removed as it is shown iRig. 2 in this case, the recoveries
beeswax spiked with 0.5 mg/kg of each pesticide, according decreased in relation to the simple solid-phase extraction, ex-
to the procedures described $ection 2.4.2and a conven-  cept for coumaphos, and the precision seemed to be similar,
tional calibration. As it can been seen in the Table, the cou- between 7.9% and 18.7% € 5).

Table 6
Recoveries and precisions (CV, in %) obtained by solid-phase extraction after coupling two cartridges

Extractiorf Extractiorf Elutior? Elutior?

100 mg ODS 500 mg ODS 200 mg Oasis 200 mg Oasis

200 mg Oasf 200 mg Oasf 100 mg ODY 500 mg Florisif

Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%) Recovery (%) R.S.D. (%)
Lindane 44 12 <1 XX 63 15.3 6 34
Chlorpyrifos 35 1% <1 XX 67 155 - -
z-Chlorfenvinphos 89 13 <1 XX 134 11.8 69 15
Endosulfan A 36 1g <1 XX 18 21.7 - -
4,4-DDE 33 121 <1 XX 49 17.8 - -
4,4-TDE 55 96 7 374 67 16.6 32 12
Endosulfan B 51 14 <1 XX 65 14.3 37 B
Acrinathrine 37 97 <1 XX 67 12.8 34 15
Bromopropylate 60 5 <1 XX 84 12.7 153 1B
Tetradifon 84 156 <1 XX 22 13.3 130 19
Coumaphos 131 .8 - - INTERF XX INTERF XX
Fluvalinate isomer 1 91 8 24 15.7 INTERF XX 94 12
Fluvalinate isomer 2 91 9 27 17.9 INTERF XX 91 18

Concentration of each pesticide in non-bleached beeswax: 0.5 my&&) —: not detected; XX: no data; INTERF: matrix compound co-eluted with the
analyte.

a SeeFig. 1A.

b SeeFig. 1B.

¢ First cartridge.

d Second cartridge.
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Counts The carrying out of a calibration with extracts of bleached
1.4e5 | beeswaxes spiked and subjected to the extraction/clean-up
1.2651 procedure proposed for the non-bleached beeswaxes resulted

in recoveries close to 100% with coefficients of variation
ranging between 10% and 20% for pesticide concentrations
8.0e41 of 0.5 and 5mg/kg (se@able 7. The standard addition

1.0e5

6.0e4 | method revealed that the influence of the matrix still ex-
40641 isted, although it had been considerably reduced. The mean
' increase of the concentration owing to the matrix was near
2.0e4 10% and 40% for the concentrations of 0.5 and 5 mg/kg, re-
0 . . ‘ . ‘ : S -
s 20 40 60 80 100 spectively. The detection limits were now about three times

Time (min) higher, varying from 0.014 to 0.12 mg/kg.

Fig. 2. Chromatogram obtained by solid-phase extraction after coupling the
cartridges 100 mg ODS and Oasis during the extraction. Concentration of
each pesticide in the non-bleached beeswax: 0.5 mg/kg. Peak identification:
1, lindane; 2, chlorpyriphos; 3, chlorfenvinphos; 4, endosulfan A; 5, DDE; . . . .
6, TDE; 7, endosulfan B; 8, acrinathrine; 9, bromopropylate; 10, tetradifon; 1 h€ extraction of a beeswax solution mrhexane with

4. Conclusions

11, coumaphos; 12 and 13, fluvalinate. acetonitrile followed by a clean-up that consists of a solid-
phase extraction of the acetonitrile extract mixed with water

3.6. Analytical method proposed for non-bleached is the best option to analyze pesticides in bleached beeswax.

beeswaxes Interferences from the non-bleached pure beeswaxes hin-

der the determination of fluvalinate and coumaphos by the

Briefly, the liquid—liquid extraction consisted of the disso- above-mentioned procedure. The combination, during the
lution of beeswax im-hexane (0.1 g/10 mL), the extraction of = solid-phase extraction step, of a low-capacity ODS cartridge
the analytes with 10 mL of acetonitrile by shaking for 15min, before the polymeric cartridge removes these interferences
the addition of 2 mL of methanol to favor the phase separa- and makes possible the analysis of all the acaricides in non-
tion, and the collection of the acetonitrile phase. As regards blanched beeswax.
the clean-up procedure, 200 mL of water were added to the There are errors by excess in the quantitative analysis
acetonitrile extract and the mixture was eluted on 100 mg when a conventional calibration with standards which do not
ODS and Oasis cartridges, at the same time, under vacuummatch the matrix is used. The significance of the error de-
The ODS cartridges were placed before the polymeric car- pends on the compound, the analytical method and the con-
tridges Fig. 1A). After that, the ODS cartridges were dis- centration level. The error is not always evident if the concen-
carded, the polymeric cartridges were dried with nitrogen trations in the extracts are relatively low. A matrix-matched
and the analytes were eluted with 4 mL of ethyl acetate after calibration is necessary.
a soaking time of 5 min. Finally, the solvent was evaporated
and the residue was dissolved in 1 mL of acetone.
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