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Application of solid-phase extraction to quantitatively determine
cyproconazole and tebuconazole in treated wood using liquid

chromatography with UV detection

Teruhisa Miyauchia,∗, Mitsunori Moria, Katsuhiko Itob

a Hokkaido Forest Products Research Institute, Nishikagura 1-10, Asahikawa 071-0198, Japan
b Hokkaido Forest Products Research Extension Association, Nishikagura 1-10, Asahikawa 071-0181, Japan

Received 13 May 2004; received in revised form 18 November 2004; accepted 24 November 2004

Abstract

Solid-phase extraction (SPE) procedures were developed to avoid interference during the quantitative determination of cyproconazole
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nd tebuconazole co-existing in wood extractives. Five species of wood were used, Japanese cedar (Cryptomeria japonica), Japanese larc
Larix leptolepis), Yezo spruce (Picea jezoensis), Sakhalin fir (Abies sachalinensis), and western hemlock (Tsuga heterophylla). Methano
xtractives from the heartwood of all wood samples, except western hemlock, interfered with the quantitative determination of cypr
nd tebuconazole using liquid chromatography (LC) with UV detection (LC–UV). SPE with Oasis MCX was effective in avoid

nterference. This method also reduced the time and volume of mobile phase required for LC–UV, since wood extractives with lon
imes were also removed.

2004 Elsevier B.V. All rights reserved.

eywords:Solid-phase extraction; Wood

. Introduction

Although wood and wood products are attacked by many
rganisms, principally fungi and termites, they are exten-
ively used in residential construction, decking, and so on.
onsequently, when wood is frequently wetted or placed in
round contact it should be treated with preservatives to pro-

ect it against wood destroying organisms. Various active in-
redients are included in wood preservatives[1], for exam-
le, cyproconazole and tebuconazole, which are also widely
sed as biocides for protecting fruit and vegetable crops.
he amounts of such active ingredients in treated wood are
pecified to guarantee protection. In Japan, the Japan Hous-
ng and Wood Technology Center (HOWTEC) specify the
mounts of active wood preservative ingredients, including
yproconazole or tebuconazole, in treated wood[2]. Conse-

∗ Corresponding author. Tel.: +81 166 75 4233; fax: +81 166 75 3621.
E-mail address:miyauchi@fpri.asahikawa.hokkaido.jp (T. Miyauchi).

quently, accurate quantitative determinations of cyproc
zole and tebuconazole in wood are needed.

When using the HOWTEC’s methods[3] to quantitatively
determine the amounts of cyproconazole and tebuconaz
treated wood, the biocides are first extracted with meth
then either liquid chromatography (LC) with UV detect
(LC–UV) or gas chromatography with nitrogen-phospho
detection is carried out. The standard methods of the A
ican Wood-Preservers’ Association (AWPA)[4,5] also in-
volve tebuconazole extraction with methanol followed
chromatographic procedures. Since wood contains a
number of compounds that can be extracted with organic
vents, the samples extracted using the above methods in
numerous co-extracted components such as wood extra
[6]. Consequently, these extractives might interfere with
quantitative determination of cyproconazole and tebuc
zole; particularly as chromatographic analysis is carried
non-selectively. The AWPA’s method[4] for tebuconazol
determination using LC–UV indicates that changes to s
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of the LC–UV analysis parameters are needed to avoid the in-
terference of wood extractives. However, because the compo-
nents of these wood extractives vary according to species[6]
the LC–UV parameters might also be dependent on species. If
these interfering matrix components could be removed from
the analytical samples, it would be possible to carry out LC
analysis regardless of species.

Solid-phase extraction (SPE) has been widely used as
method for preconcentrating and cleaning up analytical sam-
ples[7–9]. This method has been previously applied to the
determination of cyproconazole and tebuconazole in natural
water [10–12] and crops[13]. However, to the best of our
knowledge, the quantitative determination of cyproconazole
and tebuconazole in treated wood using SPE has not been
reported.

Most of the above methods used reversed-phase sorbents
such as an ODS or a styrene-divinylbenzene co-polymer for
SPE. These sorbents have a relatively low specificity to cypro-
conazole and tebuconazole. On the contrary, mixed mode
sorbents, which have both a reversed-phase and an anion-
exchange functional group, can retain lipophilic basic com-
pounds using both mechanisms[7,8]. Zrostĺıková et al.[14]
used Oasis MCX, a mixed-mode cation exchanger[8,15],
to determine tebuconazole and 16 pesticides in fruits. Tebu-
conazole was successfully recovered from the matrices using
O de-
t le in
t

2

2

ed
b ro-
m ere
p nium
h em-
i

2

n of
0 bu-
c ith
m so-
l ts of
m pro-
c 5, 1
a fil-
t lt-
i ons
b tions
w
b

Heartwoods of Japanese cedar (Cryptomeria japonica),
Japanese larch (Larix leptolepis), Yezo spruce (Picea jezoen-
sis), Sakhalin fir (Abies sachalinensis), and western hem-
lock (Tsuga heterophylla) were used for preparing methanol
extractives of each wood. One gram of each wood was
ground with a Wiley mill and extracted with 20 ml of boil-
ing methanol for 2 h. The solutions were filtrated under a
vacuum, and the filtrates were concentrated in a rotary evap-
orator at 40◦C. The concentrated extractives were resolved
in 20 ml methanol, or mixed with 2 ml or 0.2 ml of stock solu-
tion and then diluted with methanol to 20 ml. Six replicates of
the spiked and non-spiked sample solutions were prepared.
SPE was applied to three of these replicates and the remain-
ing three were evaporated to dryness. The residues were dis-
solved in mobile phase and then filtered through a 0.45�m
membrane. The filtrates were analyzed by LC–UV.

2.3. Solid-phase extraction

SPE was carried out using a 3 ml cartridge packed with
60 mg of 30�m Oasis MCX (Waters, Tokyo, Japan). The car-
tridges were set on a 12-position SPE vacuum manifold (Su-
pelco, Tokyo, Japan) and conditioned with 2 ml methanol, fol-
lowed by 2 ml distilled water. After sample loading, the Oasis
MCX cartridges were washed with 3 ml of 5% NH4OH (as
28% aqueous solution) in methanol–distilled water (20:80,
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asis MCX. In this paper, SPE with MCX is applied to
ermine the amounts of cyproconazole and tebuconazo
reated wood using LC–UV.

. Materials and methods

.1. Reagent

Biocide standards with a purity of 95% were provid
y Xyence (Tokyo, Japan). High-performance liquid ch
atography (HPLC)-grade methanol and acetonitrile w
urchased from Kanto (Tokyo, Japan). Aqueous ammo
ydroxide solution (28%) was obtained from Kishida Ch

cal (Osaka, Japan).

.2. Sample preparation

Spiking solutions were prepared at a concentratio
.05 mg/ml by weighing 5 mg of cyproconazole or te
onazole in a 100 ml volumetric flask and diluting w
ethanol. To construct calibration curves, the spiking

utions were evaporated and diluted with suitable amoun
obile phase to obtain standard solutions containing cy

onazole or tebuconazole at concentrations of 20, 10,
nd 0.5�g/ml, respectively. The standard solutions were

ered through a 0.45�m membrane filter, and the resu
ng filtrates were analyzed by LC–UV. The correlati
etween each biocide peak area and their concentra
ere determined by linear regression asr2 = 1.0000 for both
iocides.
/v) and 3 ml methanol. Finally, the retained compou
ere eluted with 28% NH4OH aqueous solution–methan

5:95, v/v). All SPE steps were performed at a flow rat
a 2 ml/min. The eluate was evaporated to dryness an
esidue was dissolved in mobile phase and filtered thr

0.45�m membrane filter. The filtrate was analyzed
C–UV.

.4. LC analysis

All LC analyses were performed on an HPLC system
isting of a LC-10AD pump (Shimadzu, Kyoto, Japan)
IL-10AXL auto sample injector (Shimadzu), a CTO-10
olumn oven (Shimadzu), an SPD-10A UV–vis detector (
adzu) and a SIL-10A system controller (Shimadzu).

ecording and integrating device was a CR-5A Chromato
Shimadzu). The LC column used was an Inertsil OD
�m, 150× 0.6 mm i.d. column (GL Science, Tokyo, Japa
he column temperature was set at 40◦C. The mobile phas
as acetonitrile-10 mM phosphate buffer, pH 2.6 (60:40,
ith a flow rate of 1.0 ml/min. All samples were injected w
0�l of mobile phase via the auto sample injector. UV

ection was carried out at 220 nm.

. Results and discussion

.1. Interference of wood extractives

To confirm the interference of wood extractives
he quantitative determination of cyproconazole
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Table 1
Quantitative determination of cyproconazole and tebuconazole in wood extractives (n= 3)

Spiking level (0.1 mg/g) Spiking level (0.01 mg/g)

Cyproconazole Tebuconazole Cyproconazole Tebuconazole

Ratio (%)a S.D. Ratio (%)a S.D. Ratio (%)a S.D. Ratio (%)a S.D.

Japanese cedar 118 2.0 105 0.6 233 13.4 95 26.0
Japanese larch 103 0.4 108 0.7 96 5.0 194 15.8
Yezo spruce 108 1.1 111 1.0 131 0.6 221 2.1
Sakhalin fir 100 0.9 49 2.3 20 2.6 – –
Western hemlock 101 1.6 101 1.6 102 4.5 110 3.4

a Ratio of quantitative amount to spiking amount.

tebuconazole, heartwood from each woody species was
used for methanol extractive preparation because most
extractives are located here[6]. LC–UV analysis was carried
out according to HOWTEC’s methods[3] with minor
modifications. The details of the LC–UV conditions were
described in Section2.4.

The quantitatively determined amounts of cyproconazole
and tebuconazole, which were spiked in extractives of each
wood, obtained using LC–UV, are shown inTable 1. At a spik-
ing level of 0.1 mg/g, the ratios of the quantitative amount to
the spiking amount for both cyproconazole and tebuconazole
in extractives of each wood were above 100%, except for
Sakhalin fir. Comparisons of the chromatograms of spiked
and non-spiked Sakhalin fir extractives (chromatograms not
shown) revealed that the lower result for tebuconazole in
the Sakhalin fir matrix was caused by large matrix peaks.
The slightly higher results for cyproconazole in the Japanese
cedar and Yezo spruce matrices, and for tebuconazole in the
Japanese Larch and Yezo spruce matrices were due to an
overlapping of the matrix peaks on the biocides peaks. These
effects were apparent at a low spiking level, as mentioned
below.

At a spiking level of 0.01 mg/g, lower cyproconazole re-
sults were obtained and the tebuconazole peak could not be
confirmed in the Sakhalin fir extractives. A large matrix peak
o own in
F d for
c e ma
t Yezo
s insuf-
fi s
f not
a sults
w

3

ona-
z n in
t be re-
t ther
h r re-
t t re-
t it was

considered that the Oasis MCX could separate the triazoles
from most of the wood extractives.

By applying cyproconazole and tebuconazole in methanol
without wood extractives to SPE on a MCX cartridge showed
a recovery of 99% (S.D. = 1.3%,n= 3) and 98% (S.D. = 1.1%,
n= 3) for cyproconazole and tebuconazole, respectively. This
result indicates that successful retention of the biocides was

Fig. 1. HPLC chromatograms of cyproconazole and tebuconazole, which
were added to the methanol extractives of (A) Japanese cedar, (B) Japanese
larch, (C) Yezo spruce, (D) Sakhalin fir, and (E) western hemlock, at a
concentration of 0.01 mg/g. Black arrow: cyproconazole, white arrow: tebu-
conazole, grey arrow: tebuconazole overlapping with the matrix peaks.
r high baseline caused these erroneous results, as sh
ig. 1. On the other hand, excess results were obtaine
yproconazole in the Japanese cedar and Yezo spruc
rices, and for tebuconazole in the Japanese larch and
pruce matrices, since their peaks overlapped or were
ciently separated from the matrix peaks (Fig. 1). The result
or cyproconazole in the western hemlock matrices were
ffected at either spiking levels, but the tebuconazole re
ere slightly higher at a spiking level of 0.01 mg/g.

.2. Clean-up with solid-phase extraction

Triazole biocides, including cyproconazole and tebuc
ole, commonly include a 1,2,4-triazole ring. The nitroge
his ring can dissociate and the generated cations can
ained by a cation exchanger, such as MCX. On the o
and, most of the wood extractives are probably eithe

ained by MCX with reversed-phase mechanisms or no
ained because they are mostly anionic or neutral. Thus,
-
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Table 2
Average (n= 3) recovery of cyproconazole and tebuconazole from wood extractives using SPE with MCX

Spiking level (0.1 mg/g) Spiking level (0.01 mg/g)

Cyproconazole Tebuconazole Cyproconazole Tebuconazole

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

Japanese cedar 103 0.4 98 0.6 94 3.5 97 3.4
Japanese larch 100 3.9 98 0.4 94 1.5 99 3.4
Yezo spruce 100 2.1 97 2.0 94 2.1 101 1.9
Sakhalin fir 100 3.5 95 3.4 98 1.1 105 2.6
Western hemlock 99 2.5 94 1.9 102 1.2 103 4.2

achieved when they were loaded as a methanol solution. A
previous approach[14] describes the loading of triazoles as
an organic solution diluted with water, however, loading with-
out water dilution can avoid precipitation and additional fil-
tration.

Most of the interfering components could be eluted from
the sorbents, which were loaded with the extractives, only
by washing with methanol. Thus, it can be suggested that
these components were retained by the MCX mainly as a

F
s
t
(

result of reversed-phase mechanisms. Subsequently, wash-
ing the sorbents with 5% NH4OH (as 28% aqueous solu-
tion) in methanol–distilled water (20:80, v/v) resulted in fur-
ther cleaning up. Both washing steps were therefore used for
SPE.Fig. 2shows the resultant chromatograms obtained us-
ing this method. The cyproconazole and tebuconazole peaks
were clearly confirmed while the interfering peaks became
significantly decreased.

Using this SPE method, the peaks of extractives with long
retention times under the present LC conditions were also re-
moved. Thus, this method could reduce the time and volume
of mobile phase required for LC analysis. LC analysis was
needed for only approximately 8 or 10 min because the re-
tention times of cyproconazole and tebuconazole under such
conditions were 6.5 and 8.3 min, respectively.

Table 2summarizes the recoveries of cyproconazole and
tebuconazole from each matrix solution. Satisfactory recov-
eries were obtained for cyproconazole and tebuconazole at
both spiking levels (0.1 and 0.01 mg/g). The effects of the
matrices of all wood species on the determination of bio-
cides disappeared. Using the SPE method reported in this
paper, quantitative determination of cyproconazole and tebu-
conazole could be performed by LC–UV analysis without
matrix interference.

4

rac-
t e and
S n of
c with
O ith
t ives,
w yzed
ig. 2. HPLC chromatograms of the extractives (lower), of the extractives
piked with tebuconazole at a concentration of 0.01 mg/g (middle), and of
he extractives spiked with cyprocoanzole at a concentration of 0.01 mg/g
upper), after SPE with MCX. SeeFig. 1for key to panels A–E.
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. Conclusions

When they co-exist with the biocides, methanol ext
ives of Japanese cedar, Japanese larch, Yezo spruc
akhalin fir heartwoods interfere with the determinatio
yproconazole and tebuconazole using LC–UV. SPE
asis MCX is effective in avoiding these interferences. W

his method, the coexisting biocides in the wood extract
hich contain the interfering components, can be anal
y LC–UV without changing the LC–UV parameters. F

hermore, this method reduces the time and volume of m
hase required for LC–UV, since components with long

ention times were also removed by SPE with MCX.

cknowledgement

The authors would like to thank Xyence Corporation
roviding the biocide standards for this study.



T. Miyauchi et al. / J. Chromatogr. A 1063 (2005) 137–141 141

References

[1] JIS K 1570, Wood Preservatives, Japanese Industrial Standard (JIS)
Association, Tokyo, 2004.

[2] Japan Housing and Wood Technology Center (HOWTEC): Standard
of Quality Evaluation for the Approval on High Quality Wooden
Building-Materials, Tokyo, 2002 (in Japanese).

[3] Japan Housing and Wood Technology Center (HOWTEC): Test
Methods for Approval on Anti-decay/Anti-termite Quality, Tokyo,
2000 (in Japanese).

[4] AWPA Standard A28-01: Standard Method For Determination of
Propiconazole and Tebuconazole in Wood, in Waterborn Formulation
and in Treating Solutions by HPLC, American Wood-Preservers’
Association (AWPA), Granbury, TX, 2003.

[5] AWPA Standard A31-01: Standard Methods for the Analysis of
Solutions and Wood for Azoles by Gas Chromatography (GC),

American Wood-Preservers’ Association (AWPA), Granbury, TX,
2001.

[6] F.F.P. Kollmann, W.A. Ĉoté Jr., Principles of Wood Science and
Technology I Solid Wood, Springer, Berlin, Heidelberg, 1968, p. 70.

[7] M.-C. Hennion, J. Chromatogr. A 856 (1999) 3.
[8] V. Walker, G.A. Mills, Ann. Clin. Biochem. 39 (2002) 464.
[9] R.M. Smith, J. Chromatogr. A 1000 (2003) 3.

[10] A.R. Fernandez-Alba, A. Ag̈uera, M. Contreras, G. Peñuela, I. Ferrer,
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