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REVIEW ARTICLE

Oviposition aggregation pheromone for Culex mosquitoes:
bioactivity and synthetic approaches

A.P. Mihou' and A.N. Michaelakis?

Figure 1. The oviposition aggregation pheromone for Culex
mosquitoes and the vector of the West Nile virus. Culex quin-
quefasciatus mosquito has landed on a human finger.

Source of figure: http://phil.cdc.gov/phil/home.asp

Summary Mosquitoes use chemical and physical
cues to detect water bodies. Female Culex mosqui-
toes deposit their eggs, in the form of egg rafts, on
the water surface. Some of these species form
a droplet at the apex of each egg in the egg
raft which affects the oviposition behaviour
of intraspecific gravid females. The main
volatile compound, present in the api-
cal droplets of the Cx. quinquefascia-
tus egg rafts, is the (-)-(5R,65)-6-ace-
toxy-5-hexadecanolide, which acts
as an attractant to other gravid fe-
males (of the same species com-
plex) in order to oviposit nearby
the pheromone source. There has
been a plethora of biological ap-
proaches under laboratory, semi-
field and field conditions in order
to study the responses of gravid fe-
males. Additionally, since the gen-
eral structure and stereochemis-
try were confirmed, several synthet-
ic approaches have been developed,
not only for the natural pheromone
but also for the erythro enantiomers
and all four diastereoisomers of 6-ace-
toxy-5-hexadecanolide. The interest and
applications of natural and synthetic mole-
cules indicated that only the (-)-(5R,6S) form
was bioactive, while the other three diastereoi-
somers were not. This article reviews the various
bioassays developed and also focuses on the most
successful synthetic approaches published in liter-
ature.

Additional keywords: Bioassays, Culex pipiens, mos-
quito, oviposition, pheromone, synthesis, 6-ace-
toxy-5-hexadecanolide
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34 Mihou & Michaelakis

Introduction

In species with aquatic larvae, maternal re-
productive success depends on the selec-
tion of a suitable site for depositing their
eggs. This selection determines the continu-
ation of such a species since, once in a hostile
environment, immature stages are unable to
move to another more suitable habitat and
will perish (Mokany and Shine, 2003). The se-
lection of the appropriate oviposition site by
a gravid female mosquito is influenced by an
oviposition aggregation pheromone. Each
egg releases this pheromone, which acts as
a signal to other Culex female adults to ovi-
posit in the same water body.

Species of Culex, Culiseta, and Uranotae-
nia lay their eggs in raft (Figure 2, egg rafts)
(Clements, 1999). These egg rafts, depending
on the species, consist of 100 to about 400
eggs and are boat-shaped; the lower surface
of each raft is convex and larger while the
upper surface is concave and smaller (Cle-
ments, 1999; Christophers, 1944). Each egg
forms a small droplet at the posterior. The
first report on the existence of this droplet
was in 1944 by Christophers (1944) who no-
ticed that all egg droplets are of similar size
and appearance, they appear shortly after
oviposition and, if removed, they are formed
again. Further studies reported that the api-
cal droplet has also a righting function, turn-
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(+)-(5R,6R) threo

ing capsized egg rafts to their normal po-
sition on the water surface (lltis and Zweig,
1962) and that eggs are joined together by
inter-digitation of the regularly spaced tu-
bercles (Beament and Corbet, 1981).

The chemical composition of the droplet
did not become known, until almost 40 years
after it was first described. A series of chem-
ical syntheses and bioassays confirmed that
the droplet contained a pheromone, whose
chemical structure was found to be the (-)-
(5R,6S) isomer of 6-acetoxy-5-hexadecan-
olide, 1a, (Laurence and Pickett, 1982 and
1985) (see in Figure 3 all 4 diastereoisomers).
Alongside the discovery of this pheromone,
equally important and interesting have also
been the various synthetic approaches that
have been developed, not only for its natu-

Figure 2. A typical mosquito egg raft measuring 11 mm in
length. Culex mosquitoes lay their eggs one at a time, sticking
them together in the form of a “raft”.

Source of figure: http://phil.cdc.gov/phil/home.asp
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Figure 3. The four diastereoisomers of 6-acetoxy-5-hexadecanolide.
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Mosquito oviposition aggregation pheromone 35

ral form, but also for the erythro enantiom-  1971; Starratt and Osgood, 1972; Starratt and
ers and for all four diastereoisomers of the  Osgood, 1973). Further studies concluded that
6-acetoxy-5-hexadecanolide. the conclusion that the apical droplet of the
mosquitoes’ eggs contains straight-chain ali-
phatic fatty acids of C-12, C-14, C-16 and C-18.

1. Oviposition Bioassays In addition, C-128-OH and C-143-OH fatty ac-
ids were found, with the latter to be the major

1.1. Egg-associated pheromone bioas- component (Aharoni and Zweig, 1973).
says and observations The use of non-specific natural attractants

The first oviposition-inducing activity, (e.g. polyethylene or simulated egg rafts)
caused by an egg-associated pheromone, was  shows no effect in oviposition behavior. Also,
reported in the early '70s by Osgood (1971)  neither the presence of larvae, pupae and
(Table 1). This was demonstrated with Culex  trapped adults, nor the 5% sucrose solution
tarsalis employing 3 densities of egg rafts  induced any response (Bruno and Laurence,
and also by split-airstream olfactometer. Pre-  1979) (Table 2). In the same report, studies on
liminary analysis of the droplet indicated that  the stability of the apical droplet indicated
this new chemical was a lipid, with low va-  that, when the material was kept at 21°Ciin the
por pressure and consisted of a mixture of es-  light, it remained bioactive for 21 days, where-
trolide 1,3-diglycerides, that were composed  as when kept at 4°C in the dark, the material
of mono- and diacetoxy fatty acids (Osgood,  appeared to be mainly inactive for 28 days.

Table 1. Number of egg rafts laid from gravid females of Culex mosquitoes when the test
bowl was primed with egg rafts of the same or another species. Reference: Bruno and Lau-
rence (1979) modified by Clements (1999).

No. of Total no. of egg
Test species Priming species Replicate prim- rafts laid in test tha! no. of egg rafts
tests ing egg laid in control bowls
bowls
rafts
Cx. quinquefasciatus | Cx. quinquefasciatus 10 1 374 46
Cx. pipiens 10 1 333 163
Cx. tarsalis 17 1 312 155
Cx. tarsalis Cx. tarsalis 19 1 225 160
Cx. tarsalis 10 10 273 13
Cx. quinquefasciatus 14 1 145 124
Cx. quinquefasciatus 10 10 295 115

Table 2. The response of Culex mosquitoes to factors other than egg rafts.

. Replicate Total no. Qf egg | Total no. .Of egg
Test material rafts laid in test | rafts laid in con- Reference
tests bowl trol bow!

polyethylene egg rafts 10 58 180 Bruno and Laurence (1979)
card egg rafts 12 322 160 Bruno and Laurence (1979)
1st-instar larvae 10 105 m Bruno and Laurence (1979)
4th-instar larvae 10 408 337 Bruno and Laurence (1979)
pupae 10 376 138 Bruno and Laurence (1979)
5% sucrose 10 84 148 Bruno and Laurence (1979)
artificial white egg rafts 10 161 152 Osgood (1971)
artificial black egg rafts 10 153 152 Osgood (1971)

© Benaki Phytopathological Institute



36 Mihou & Michaelakis

1.2.Bioassays with the pheromone un-
der laboratory conditions

Responses of gravid females of Cx. quin-
quefasciatus to erythro racemate and to each
enantiomer separately show that the phero-
mone is only in the (-)-(5R,6S) form. The nat-
ural product has relatively low vapour pres-
sure, and several attempts have been made
to alter its volatility. The methods employed,
aimed at shortening the length of the car-
bon chain or opening the lactone ring of the
molecule. However, both methodologies re-
sulted in materials with no biological activi-
ty (Laurence and Pickett, 1985; Dawson et al.,
1989). Instead, when hydrogen atoms were
replaced by fluorine, the new molecules had
biological activity as well.

More specifically, when the acetoxy
group was replaced by a trifluoroacetoxy
group, the new compound showed a high-
er activity than the natural product, proba-
bly due to its higher vapour pressure (Pickett
and Woodcock, 1996). In addition, the hep-
tadecafluoro analog, in which the n-octyl
group is replaced by perfluoroctyl, retained
high biological activity (Dawson et al., 1990).

The first bioassay employing all four ste-
reoisomers of 6-acetoxy-5-hexadecanolide
was conducted by Hwang et al. (1987). Pre-
dictably only the (-)-(5R,6S) enantiomer was
active. The activity of the current isomer in-
creased 50-fold when it was applied direct-
ly to the water surface and 100-fold when
Cx. quinquefasciatus was employed instead
of Cx. tarsalis. Aedes aegypti and Anopheles
quadrimaculatus were not attracted to the
pheromone (Figure 4). These experiments
suggested once more that the current pher-
omone is genus-specific (Bruno and Lau-
rence, 1979; Hwang et al., 1987). In contrast
to the previous investigations, Sakakibara
et al. (1984) reported that all four stereoiso-
mers showed significant activity against Cx.
pipiens biotype molestus. According to Cle-
ments (1999), these results cannot be taken
as proof because there are no clear specifi-
cations of their synthetic procedures.

Antennae of Cx. quinquefasciatus grav-
id female mosquitoes were tested for sen-
sitivity to test materials by recording elec-

troantennograms (EAGs) during oviposition
behaviour studies (Mordue et al., 1992). The
tested materials were the oviposition pher-
omone (erythro racemate) and polluted wa-
ter (made by fermenting rabbit droppings
in distilled water). Both EAG responses and
behaviour studies to the oviposition phero-
mone increased in a dose-dependent man-
ner and the combination of the two materi-
alsincreased oviposition with the total effect
being additive. In 1985, Laurence and Pickett
showed that the dose-responses over the
concentrations were a flat curve (Laurence
and Pickett, 1985). However, in 1993, Pickett
with other co-workers, using a similar meth-
od of presentation, obtained a dose-depen-
dent response for a certain range of phero-
mone. After a critical dose, the pheromone
caused a significant reduction in oviposition
behaviour (Blackwell et al., 1993).

High pheromone concentration could
either result in confusion of the gravid fe-
males with respect to the oviposition sites
or repel gravid females of laying their eggs.
Although Millar et al. (1994) reported that
attraction was constant even to very high
pheromone concentration (1000 pg per
cage), other researchers, who synthesized
the oviposition pheromone as a mixture of
all diastereoisomers and tested it against Cx.
p. biotype molestus, obtained similar results
to Blackwell et al. (1993) (Michaelakis et al.,
2005).

Olagbemiro et al. (1999 and 2004) em-
ployed for the first time a plant-derived

% egg laid in test bowl

404 ! . . "
0001 001 0.1 1 10 100
Pheromone (ug)

Figure 4. Oviposition behaviour of Cx. quinquefasciatus gravid
females to different amounts of pheromone. Oviposition dish-
es contain the synthetic oviposition pheromone, erythro-6-ac-
etoxy-5-hexadecanolide. The broken lines represent the up-
per and lower values of the control mean£SEM (52.6+3.7%,
n=10) [for more details see Blackwell et al. (1993)].
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Mosquito oviposition aggregation pheromone 37

pheromone material produced from the
seed oil of the summer cypress, Kochia sco-
paria (Chenopodiaceae). Laboratory bio-
assays with 3 and 5 pg of each pheromone
(plant-derived and synthetic) revealed that
these two compounds were equally attrac-
tive. The bioactivity of the plant-derived
pheromone was comparable to that of the
synthetic oviposition pheromone (1:1:1:1
mixture of the four stereoisomers).

Apart from the reaction to the phero-
mone, Culex mosquitoes may also have an
intrinsic neurophysiological response to
specific indoles, which could explain why
it oviposits in polluted water such as ska-
tole water (3-methyl indole) (Pickett and
Woodcock, 1996). According to Millar et al.
(1994), responses to the pheromone com-
bined with several doses of 3-methyl indole
were shown to be additive rather than syn-
ergistic. The same additive pattern was also
observed in the presence of skatole water
at two concentrations with plant-derived
pheromone (Olagbemiro et al., 2004).

Three larvicides, an insect growth reg-
ulator (pyriproxyfen), an organophosphate
(temephos) and a microbial (Bacillus thu-
ringiensis subsp. israelensis, Bti) were test-
ed separately or combined with synthetic
pheromone, as agents that can keep water
free of mosquito larvae (Kioulos et al., 2007-
2008). Preliminary results of oviposition bio-
assays revealed that, with the exception of
temephos, all the other tested larvicidals,
when used separately, repel gravid females
of laying eggs for the first two days. How-
ever, when synthetic pheromone was com-
bined with the three larvicidals, only teme-
phos and the microbial agent (Bti) followed
the same attractant pattern as the synthetic
pheromone alone.

For the first time a slow release system has
been developed that incorporates 6-acetoxy-
5-hexadecanolide (mixture of the four stere-
oisomers). Laboratory bioassays studying
attractancy over time, and showed a dose-
dependent response. The microencapsulat-
ed pheromone was found to be sufficient-
ly attractive to gravid female mosquitoes for
almost 40 days (Figure 5) (Michaelakis et al.,

© Benaki Phytopathological Institute

2007). The addition of temephos did not af-
fect the activity of the pheromone while the
bioassays showed 100% mortality. When an
aged infusion was combined with aged pher-
omone (microencapsulated) there was a syn-
ergistic effect only for the first day, while all
the other days the oviposition pattern was
similar to that of the microencapsulated
pheromone, with a minor exception on the
15th day (Michaelakis et al., 2009).

Recently, Leal et al. (2008) employed im-
munohistochemistry to prove the stereo-
specific interaction between the receptor
of the Culex mosquitoes and the phero-
mone and that the receptor accepts only the
(-)-(5R,65)-enantiomer. The studies revealed
that an odorant-binding protein from Cx.
p. quinquefasciatus, CquiOBP1, is expressed
in trichoid sensilla on the antennae. Cqui-
OBP1 exists in two forms, monomeric and
dimeric; the mosquito oviposition phero-
mone is bound in the monomeric form in a
pH-dependent manner. While all previous
reports measured the effect of pheromone
(and also of other attractants) on egg laying,
in this report authors evaluated the phero-
mone for attraction of gravid females (i.e.,
numbers captured). The results suggested
that pheromone might be an arrestant rath-
er than an attractant because it could in-
crease egg laying but not necessarily grav-
id female capture.
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Figure 5. Oviposition behaviour of gravid females Cx. p. bi-
otype molestus to aged microencapsulated pheromone (slow
release system for the synthetic mixture of the four diastere-
omers of 6-acetoxy-5-hexadecanolide). The broken lines rep-
resent the upper and lower values of the control mean+SEM
(50.45 + 2.6%, n = 10) [for more details see Michaelakis et
al. (2007)].
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1.3. Bioassays with pheromone under
semi-field and field conditions

In western Kenya oviposition phero-
mone was tested for the first time in the
field. Five milligrams of the active (-)-(5R,6S5)
enantiomer was exploited in a tablet for-
mulation and used in established breeding
sites. Compared to the control, 82% more
females oviposited around the pheromone
source. The activity of the pheromone con-
tinued for four days after application (Otie-
no et al, 1988). The combination of the
pheromone with an insect growth regula-
tor showed both an acceptable oviposition
activity and sufficient larvicidal effect. Dur-
ing that field test, there was an attempt to
attract Culex mosquitoes in a non-breeding
site. Despite using a very high dose of pher-
omone, only one egg raft was found and fur-
ther analysis showed a higher pH than that
in the breeding sides (established). This fact
suggests that the lack of oviposition in non-
established breeding sites involves factors
in the attraction mechanisms other than the
pheromone.

The same phenomenon was observed
in Tanzania when synthetic oviposition phe-
romone was used to non-breeding sites
(Mboera et al., 1999). When water from es-
tablished breeding sites was treated with
the pheromone, it received more egg rafts
than the untreated water with nine days re-
sidual activity.

The mixture of the pheromone with
soakage pit water or grass infusions indicat-
ed a synergistic effect. As mentioned before,
Culex mosquitoes prefer breeding in water
with a high organic content (polluted water)
rather than clean water. This explains why fe-
males prefer water that consists of complex
mixtures of compounds that vary over time,
including products of bacterial degradation
such as soakage pit water or grass infusions.

Apart from laboratory studies, plant-de-
rived pheromone was also employed in field
studies (Olagbemiro et al., 2004). Both lab-
oratory and field bioassays revealed equal
attractiveness level for plant-derived and
synthetic pheromones. Of the two phero-
mones, only the plant-derived one was used

in field tests in a mixture with skatole.
Under semi-field conditions, oviposi-
tion was induced by an amount of pherom-
one equal to a single egg raft (0.3 pg). This
was the first report that compared a syn-
thetic pheromone with the natural product
(Braks et al., 2007). The oviposition jars were
arranged in two squares (small and large,
“near” and “distant” respectively). In the
“near” bioassays, a single egg raft with hay
infusion had the highest oviposition activi-
ty, while by increasing the egg rafts from 1
to 10 (or by adding 3.0 pg synthetic pherom-
one) synergistic effects were observed be-
tween the oviposition pheromone and the
hay infusion at both distances. Authors sug-
gested three possible explanations for the
number of females ovipositing and the rela-
tion to the distance: a) females may fly along
the edge of the cage searching for a suitable
oviposition site by making a distinction be-
tween hay infusion based on the oviposition
pheromone, b) females fly along the edges
of the cage and after encountering the phe-
romone at close range land and/or oviposit
and c) females visit and land at several ovi-
position sites before the final decision.

2. Synthetic approaches

According to Pickett and Woodcock (1996)
“The characterization of the oviposition
pheromone for mosquitoes in the genus
Culex as a novel chiral lactone ester provid-
ed the impetus for a number of sophisticat-
ed asymmetric syntheses and economical
large-scale routes to racemic products”.
This section focuses on the most suc-
cessful asymmetric synthetic approaches
published in literature. The synthetic strat-
egies are grouped depending on the meth-
od used to induce chirality to the mole-
cule. Carbohydrates and aminoacids were
used as starting materials. Kinetic resolution
(Sharpless asymmetric epoxidation or oxi-
dation protocol) of racemic starting mate-
rials and Sharpless asymmetric epoxidation
or dihydroxylation of olefins have also been
utilized for the enantioselective synthesis of

© Benaki Phytopathological Institute



Mosquito oviposition aggregation pheromone 39

mosquito pheromone.

Finally, it is noteworthy that in sever-
al cases, apart from the Wittig reaction and
the use of Grignard reagents, radical chain
reactions or organolithium substrates have
also been successfully employed for the
construction of the carbon skeleton.

2.1. Asymmetric syntheses from carbo-

hydrates

Several approaches to (-)-(5R,6S)-6-ace-
toxy-5-hexadecanolide have exploited car-
bohydrates as chiral starting materials. In
this regard, Kang and Cho (1989) published
an enantiospecific synthesis of (-)-(5R,65)-6-
acetoxy-5-hexadecanolide, 1a, from readily
available (-)-2-deoxy-D-ribose (Figure 6).

Acetonide 2, prepared as an anomer-
ic mixture in ~60% yield from commercial
(-)-2-deoxy-D-ribose was condensed with n-
octyltriphenylphosphorane to give the un-
saturated alcohol 3 in a ratio Z/E ~ 9/1. Cat-
alytic hydrogenation on Pd/C provided the
saturated alcohol which was converted to
the iodide 4. Elongation of the carbon skele-

H15C7

o]
o OH PhsP*{Br)CgH,7
n-BuLi
\}\ o

(o]

0]

OH
2 ‘03 4

ton was achieved by a radical chain reaction
of the iodide 4 with ethyl acrylate leading to
the condensed product 5. Hydrolysis of es-
ter with potassium hydroxide, deprotection
of the acetonide, lactonization under acidic
conditions and acetylation of the semifinal
hydroxylactone afforded the target com-
pound 1a (7 steps, 10% overall yield).

Ichimoto reported the synthesis of
(-)-(5R,65)-6-acetoxy-5-hexadecanolide in
an enantiomerically pure form via the key
intermediate (+)-(S)-1-[(R)-oxiran-2-yllunde-
can-1-ol, 6, derived from 2-deoxy-D-ribose
(Figure 7) (Ichimoto et al., 1988). Coupling
reaction of the hydroxyl protected prod-
uct of 6 with 3-butenylmagnesium bro-
mide and oxidative cleavage of the terminal
olefinic group afforded pyran derivative 8,
which was oxidized with pyridinium dichro-
mate to give the desired lactone. Hydrolytic
cleavage of the THP group and subsequent
acetylation furnished 1a (12 steps, from 2-de-
oxy-D-ribose, 12.7% overall yield).

A formal synthesis of 1a from D-ribose
was reported by Gallos et al. (2000) based on

CyoHz1
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2.1, PhyP, imidazole™ |
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CH;=CHCO;C;H;
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4 3 ’c /\/\/’
(5R, 65)-6-Acetoxy- 0 - 2. 50% AcOH; p-TsOH, 80 RO,C . “90
hexadecanolide . C1gHz24 3. Ac;0, pyr 6%
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Figure 6
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5 2. 0504, NalO, 1oHz21 2. AcOH
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Figure7
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three simple transformations: i) elongation
at C-5 position by oxidation and Wittig olefi-
nation, ii) reductive cleavage of the C-4 car-
bon with magnesium in methanol, iii) intro-
duction of the long chain at C-1 of D-ribose
by Wittig reaction. The olefin produced was
hydrogenated to give the desired methyl es-
ter. Further basic hydrolysis of the ester af-
forded the known acid 13, which could be
easily transformed to the desired phero-
mone by simple manipulations according
to literature (Kang and Cho, 1989) (Figure 8)
(7steps, 11.8% overall yield).

Wu (1991) published the synthesis of 1a
from D-glucose. 2,3-O-Ethylidene-D-eryth-
rose, easily prepared as an anomeric mix-

HO
O\ .OMe
“3 . 1. CrO;, pyr

RO,C
L@,OM&:

ture in three steps from D-glucose, was
treated with triphenylnonylphosphorane to
afford a mixture of alkenes, 15. Subsequent
oxidation, Wittig reaction of the produced
aldehyde, hydrogenation of the two dou-
ble bonds, deprotection, acid lactonization
and finally acetylation furnished the natural
pheromone (Figure 9).

The stereoselective synthesis of (-)-(5R,
65)-6-acetoxy-5-hexadecanolide from the
readily available chiral pool compound, L-
(+)-tartaric acid was accomplished by Prasad
(Prasad and Anbarasan, 2007b) (Figure 10).
The synthetic sequence includes the elabora-
tion of an a-benzyloxy aldehyde, 18, derived
from tartaric acid with ring closing metath-

1. Mg/MeOH -
2. Hy, 10 % Pd/C, MeOH
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Figure 8
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esis as the key step. The secondary hydrox-
yl group was epimerized under Mitsunobu
conditions furnishing alcohol 22. Acid hydro-
lysis led to the corresponding lactol, which
was subjected to oxidation to afford the final
product (7 steps from 19, 30.7% yield).

Kotsuki reported an enantiospecific syn-
thesis of mosquito pheromone originating
from L-tartrate as chiral source (Kotsuki et
al., 1990). The synthesis employed an effi-
cient carbon-carbon bond forming reaction
of triflate with copper(l)-catalyzed Grignard
reagent (Figure 11).

The one-pot procedure from tosyl-triflate
24 through initial reaction first with 3-bute-
nylmagnesium bromide/CuBr and further
alkylation with lithium di-n-nonylcuprate
provided intermediate 25 in 58% overall
yield from 24. Conversion of 25 to hydroxy
6-lactone 26 was accomplished by one-pot

ozonolysis, dimethyl sulfide reduction, Ag,0
oxidation, acidification to make free hydroxy
acid and finally lactonization. Acetylation of
hydroxy lactone with simultaneous inver-
sion of configuration was accomplished by
applying lkegami’s procedure (Torisawa et
al., 1984) (10 steps, 28.4% yield).

From D-isoascorbic acid, a general ap-
proach to (-)-(5R,6S)-6-acetoxy-5-hexade-
canolide,viaafourcarbonatoms bis-epoxide
equivalent was reported by Gravier-Pelletier
(Gravier-Pelletier et al., 1994) (Figure 12). Al-
kylation resulted in the opening of the free
epoxide allowing the introduction of the
carbon chain. Nucleophilic opening of the
second epoxide, being masked into the pro-
tected glycol, by ethylpropiolate, led after
hydrogenation of the triple bond and lac-
tonization to the optically pure pheromone
1a (8 steps, 22% yield).

(o] o p
ref. 34 NnBua
MEO\N N\OME e 1oy Hoﬂ" CioHzy
) —_—
v 3 An OBn
18 19
OEt |
VAR |
Et Grubbs 1st gen. cat. ) oMz 1. H;,10% PdIC
PPTS Et 0" i Et 2. Mitsunobu
20 OBn 29 OBn conditions

1. Ac,0, DMAP

C,oH
EtOQ\’ 10M21

1a
2. acid hydrolysis
g 3. PCC oxidation
22 OH
Figure 10

1. ZA"wgsr, cubr

- H sz
Ts EtsN
23

Y

>{:CM
10H21

2. (CHye),Culi
25
1. 04/ AcOEt-MeOH o) "
2. Me,S
3. Ag,0 < 1. MsCl, Et;N ©
aH' o 10H21 2. CsOAc, 18-crown6 b
5. p-TsOH i
26 OH OAc 1a
Figure 11
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2.2.Asymmetric syntheses via kinetic
resolution of racemic starting mate-
rials

2.2.1. Kinetic resolution of racemic 2-fury-
lundecanol

Kinetic resolution of racemic secondary
2-furylundecanol using catalytic amounts
of the titanium(lV)-tartrate complex was
achieved successfully, providing optically
active 2-furylundecanol (80->98% ee) and
the corresponding optically active pyra-

none (Figure 13). Thus, utilizing (S)-1-(2-fur-
yl)lundecanol as a chiral building block and
following functional and protective group
manipulations Honda furnished the desired
pheromone (Figure 14) (Kametani et al.,
1990) (10 steps, 25% yield).

2.2.2. Kinetic resolution of allylic alcohols

Several approaches to (-)-(5R,6S5)-6-ace-
toxy-5-hexadecanolide, 1a, have exploited
the kinetic resolution of secondary or cyclic
allylicalcohols. In this regard, Mori and Otsu-

1,C9H19MgBr. C..H

0’}{(]) Li,CuCly 3 %"’ #' 1. ACOHIH,0 EtOOC—==—\  C;H,

0 2. PhyP, DIAD § 2

“‘l‘ 2. NaH, BnBr 0 OBn 3. HOMCCOLE, HO ©OBn
27 28 BuLi, -80 °C 29

1. Ha, Pd black s
2. i) K,CO3, MeOH/H,0

ii} HC, iii) 150 °C in vacuo
3. Acy0, DMAP

Figure 12

OH
. i 0
I N\ R miors o U NLr .
(0) L- or D- DIPT, (o) R
OH TBHP, mol. OH
sieves o
Figure 13
OH
@\/ S OH
CigHpy  NBS, THF 1. Hy, PdIC
[ l 2. HSCH,CH,SH, BF3.EL,0 10H21
OH 10H21
30 31 32
Zn(BH,),
o &
1.HgCl, MeOH O 10H24 1. CH3G(OCH;);CH; OH
1a 2. p-TsOH - PPIS
3. Ac,0 2. HgO, BF3.Et,0 H 10Hz21
P 3. 2-lithio-2-trimethylsilyl-1,3- OH
dithiane
34 33
Figure 14
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ka (1983) employed the Sharpless asymmet-
ric epoxidation as the starting step. Kinetic
resolution of 1-tridecen-3-ol by enantiose-
lective epoxidation using diisopropyl tar-
trate gave an optically active epoxy alcohol
in good enantiomeric excess (91-94.5% ee).
A Grignard reagent prepared from 4-meth-
yl-3-pentenyl bromide was added to the ep-
oxide to effect the C-chain elongation. The
terminal double bond was oxidized to an
acid by the Sharpless modification of the
catalytic RuO, oxidation. Upon heating the
acid lactonized to give a &-lactone. Acety-
lation of the lactone gave the final product
(Figure 15) (9 steps, 33% yield).

Some years later, the same enantiomeri-
cally pure epoxy alcohol 36 was employed by
Barua and Schmidt (1986) for their synthesis.
Reaction of B-lithiated-B-ethylthioacrylate
with epoxide 36 and subsequent Raney
nickel treatment gave the oviposition pher-
omone 1a (Figure 16) (4 steps, 35% yield).

The synthesis of 1a from readily available
1,2-cyclohexanediol using kinetic resolution
of cyclic allylic alcohol by modified Sharp-

less asymmetric epoxidation reagent as the
key step was reported by Wang et al. (1990)
(Figure 17). The asymmetric allylic alcohol
was initially converted to the silyl ether. Hy-
droboration of the silyl ether with 9-BBN fol-
lowed by alkaline hydrogen peroxide work-
up, yielded a mixture of the alcohol 42 and
its diastereoisomer in a ratio 2:1. After chro-
matographic separation, compound 42 was
oxidized with PDC to the corresponding ke-
tone. Beayer-Villiger oxidation of ketone,
followed by acetylation afforded the target
lactone 1a (8 steps, 23% yield).

Bonini described the enantio- and ste-
reoselective synthesis of (-)-(5R,6S)-6-ace-
toxy-5-hexadecanolide via chemo-, regio-
and stereoselective opening with Lil of a
chiral epoxy alcohol precursor which was
obtained by kinetic resolution of the race-
mic allylic alcohol 44 (Figure 18) (Bonini et
al., 1995). The resulting halohydrin was easi-
ly reduced to the corresponding erythro vic-
inal diol by n-Bu,SnH, which was then pro-
tected as acetonide. Oxidation with RuCl,,
lactonization with catalytic amount of p-

OR’
o, ;
4\(010“21 kinetic ~C1oHz21 Grignard __ Z C1oHz1
OH resolution = H
OR OR
35 16 37
0
OR
1. RuO, HO,C AN C1oH21 A~160 °C 0
2. K,CO;, MeOH H 10H21
OR £
OR R=H
38 R=H 1a R=Ac
Figure 15
0 (o]
36 = | -
B ——————— e
ReAc BF,.Et,0 Et ~C1oH21 ~Crotz1
OAc OAc
39 1a
Figure 16
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OH OH
44 45
1. Lil, Amberlyst 15
2. n-Bu;SnH, AIBN
1. (CH;),C(OCHy),, p-TsOH OH
0 < 2-NalO,, RuCly; p-TsOH '_":)/\/\/k/(;ml.'21
C1oH21 3. Acy0, pyr ¥
H OH
OAc 1a 46
Figure 18

TsOH and finally acetylation afforded lac-
tone 1a (6 steps, 23% yield).

2.3.Syntheses via asymmetric epoxida-

tion or dihydroxylation reactions

All the four optical isomers of Cx. quin-
quefasciatus oviposition pheromone were
synthesized by Lin et al. (1985) via Sharp-
less asymmetric epoxidation protocol (Fig-
ure 19). The allylic alcohol, prepared from
propargylic alcohol by partial hydrogena-
tion, was exposed over Sharpless conditions
to give all the optically active epoxy alco-
hols. The (25,3S)- isomer was treated with

Collins reagent to give the epoxy aldehyde
which after Wittig reaction led to the com-
plete construction of the carbon skeleton.
Oxidation of the free hydroxyl group to an
acid proceeded without affecting the chiral
epoxy moiety. The acid was then lactonized
in acidic conditions to form (5R,6S5)-6-hy-
droxy-5-hexadecanolide with inversion of
the configuration at C5. Subsequent acety-
lation completed the synthesis of 1a (9 steps,
15-20% yield).

Singh and Guiry (2009) also used Sharp-
less asymmetric epoxidation reaction as one
of the key steps of their synthesis (Figure 20).
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They also developed ZrCl,-catalyzed depro-
tection of 1,3-dioxane and ring closure to
prepare a benzyloxy-substituted tetrahy-
dropyrane as the key intermediate (7 steps,
28% yield).

Methyl trans-hexa-5-decenoate was di-
hydroxylated by Lohray and Venkateswar-
lu, (1997) using Sharpless asymmetric dihy-
droxylation reaction followed by treatment

with thionyl chloride to furnish cyclic sulfite
as the major product (Figure 21). The cyclic
sulfite was oxidized to the cyclic sulfate. The
methyl ester of cyclic sulfate 36 was hydro-
lysed to affect an intramolecular cyclization
by the in situ generated carboxylate ion with
concomitant S, 2 intramolecular ring open-
ing of cyclic sulfate with inversion of config-
uration at the reacting center. Acetylation

R
H CygH H
1.H, 19 2{; 1. CrO,, pyr CioHz1a H
H2:Cho 2. SAE H H 2. Wittig 0 P
47 48 49 R= C(CH;),0Me
(o]
1. Deprotection
CyoH H
2. H, 10 zg H 1.CSA
3. oxidation H 2. Ac,0, pyr CioHzq
H
50 G, SO
Figure 19
(0]
0 /\/J\o oH O/j ZrCl,, BnOH
A% = I , BN
Hz1C1oY"\] BrMg » Hz@mY\/\)\o U e
3 OH OH 51
1. Ac,0, Et;N, DMAP 1a
2.10 %PdiC
3. PCC oxidation, reflux
52 OH R =Bn
Figure 20
Me
Me Me 10H21
ct\ Ph3P*(Br)Cy1Hzs 1. SAD %0
NaH 2. SOCly, pyr
CHO CioHz1 5 RuCly, NalO, O'j‘\‘o
53 54 i. E/Z 19/81 55
ii. EIZ 8317
(o]
1. LiOH, THF-H,0
2. cat. H,S0, 10H21
3. Ac,0, pyr H
OAc 1a
Figure 21
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of hydroxylactone afforded natural oviposi-
tion attractant pheromone 1a (7 steps, 11%
yield).

Couladourosand Mihou (1999) published
a methodology of synthezing six membered
asymmetric lactones from &-valerolactone
using the following reaction sequence: Re-
duction, Wittig-Schlosser coupling, Sharp-
less asymmetric dihydroxylation, oxidation
and lactonization. The offset of the synthe-
sis involved the trans olefinic substrate 57
as derived from the Wittig- Schldsser reac-
tion between the phosphonium salt of bro-
moundecane with 5-[(t-butyldiphenylsilyl)
oxylpentanal (E/Z ratio 9/1). Application of
the Sharpless asymmetric dihydroxylation
protocol to substrate 57 furnished the opti-
cally pure diol. (5R,6S)-6-acetoxy-5-hexade-
canolide was prepared via a carbonate ester,
utilizing a novel lactonization with inversion
of stereochemistry (Figure 22) (8 steps, 38%

yield).

In 1990, Wu Y.-L. and Wu W.-L. achieved
the synthesis of 1ain 10% overall yield start-
ing from (5)-0,0-isopropopylideneglycer-
aldehyde and in 35% overall yield starting
from (R)-O,0-isopropopylideneglyceralde-
hyde, using diastereoselective dihydroxyla-
tion (with catalytic amounts of OsO,) as the
key step (the ratio of the two isomers be-
ing about 9:1). When (S)-O,0-isopropopy-
lideneglyceraldehyde was used as the start-
ing material, the lipophilic side chain was
introduced after “late” lactone ring forma-
tion, whereas in the second case the lipo-
philic side was “early” introduced (Figure
23).

2.4.Chiral pool syntheses

The benzyl derivative of 5-2-hydroxy-do-
decanal, prepared by a previously described
asymmetric synthesis based on a chiral

i
o)
TPS
<:C>=O 1. DIBAL-H 1. SAD 10H21
L —
2. TPSCI T 7
3. Wittig-Schlosser 10721 3, TBAF
56 57 4. NalO,, RuCl, 58 >
0
DMF, 153°C, 18 h _
then Ac,0, Et,N 10H21
OAc
1a
Figure 22
CHO HE
><Oj/ Ph,P*(CH,):CO,HBr Xm 1. 0s0,-NMO O 20
—_— - B
o o CO,H 2 DCC,DMAP %m
o
59 60 61
= 6 steps
1oHz1 - 7 steps
1a OAc (5R,6S)
OH
—_— - — %
CyoH
o) [o} 10M24 5 T
62 63 64
Figure 23
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1,3-oxathiane, was converted by Ko and Eliel
(1986) into (-)-(5R,6S)-6-acetoxy-5-hexade-
canolide in a highly diastereoselective fash-
ion (Figure 24).

The construction of the carbon skele-
ton was accomplished by Grignard addi-
tion of 5-pentenylmagnesium bromide to
a-benzyloxy aldehyde 65. Mitsunobu inver-
sion at C6, ozonization, oxidation and finally
lactonization smoothly led to (5R,65)-6-ben-
zyloxyhexadecanolide. Deprotection of the
benzyl group and acetylation of hydroxy

lactone afforded the target compound 1a (8
steps, 36% yield).
(-)-(5R,6S5)-6-acetoxy-5-hexadecano-
lide has also been targeted by Machiya et
al. (1985). Machiya's approach commenced
from isopropylidene-L-glyceraldehyde (Fig-
ure 25) in which the nucleophilic addition
of Grignard reagent involved the diastereo-
face-differentiating process as the key step
affording an alcohol, which was smoothly
transformed in five steps to aldehydes 69
and 70. Those aldehydes were a chromato-

0 OBz
HJ‘k/CwHﬂ 1. CH;=CH(CH_);MgBr H,C=HC(H,C) C1oH24
E 2. Ph;P, DEAD, PhCO,H = % U
OBn OBn
(5)-65 66
1. 0;, Me,S
2. NaClo,
0
1. KOH, EtOH OBz
2. p-TsOH HOZC\A)\/C1DH21
CyoHax 3. Hy, PdIC ]
H 4. Ac,0, DMAP OBn
1a OAc 67
Figure 24
OH
OHC. 0>< Grignard reagent ?\/\/H:o 5 steps
0]
. X
59 68
| (o]
OHC. 1 (o] 9
\/\)\r C1oHa1
C1oH21 éAc
4 steps
69 P 1a
o
OHC A0
C1oH21 OAc
70 1b

Figure 25
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graphically separable mixture of (5R,65)-and
(5S5,6S)-isomer. Oxidation of 69 followed by
deprotection, lactonization and acetylation
afforded the optically pure pheromone 1a
(70 steps, 24.8% yield).

Years later Sabitha et al. (2006) reported
the asymmetric total synthesis of (-)-(5R,65)-
6-acetoxy-5-hexadecanolide via the key in-
termediate 75 which was prepared by a Gri-
gnard reaction from alcohol 71 as a major
product with anti-selectivity (80% ee). The
alcohol was easily accessed via two differ-
ent routes from THP protected hex-5-en-1-
ol 72 and epoxy chloride 73 (Figure 26) (9
steps from 71, 14.5% yield).

R-2,3-Cyclohexylideneglyceraldehyde
has been used by Chattopadhyay to pre-
pare functionalized &-lactones (Dhotare et
al, 2005). Stereo-differentiating organo-
lithium addition to aldehyde 77 in hexane
and ether was found to be highly anti se-
lective leading to the required (R,S)-1,2-diol
unit. Subsequent functional and protective
group manipulations furnished (-)-(5R,65)-
6-acetoxy-5-hexadecanolide (Figure 27) (9
steps, 15% yield).

A synthetic scheme starting from the re-
action between the lithiated N-allyl-N-meth-
yl-(bisdimethylamino)phosphoramide anion
and the triflate derivative of (R)-(-)-2,3-O-iso-
propylideneglycerol was described by Coutrot
to prepare the key chiral synthon (R)-5-formyl-
6-valerolactone 83 (Figure 28) (Coutrot et al.,
1994). Chemo- and enantioselective addition
of n-decylmagnesium bromide to aldehyde
83 afforded (5R,65)-6-hydroxy-5-hexadecan-
olide which after acetylation yielded the de-
sired pheromone (7 steps, 13% yield).

2.5 Proline - catalyzed asymmetric al-

dol reactions

Years after his first publication on the
asymmetric synthesis of mosquito phero-
mone, Kotsuki reverted to the synthesis of
the target molecule with a convenient meth-
od for proline-catalyzed asymmetric aldol
reactions using synthons of straight-chain
aliphatic aldehydes and aldehydes bearing
a 1,3-dithiane moiety at the B-position (k-
ishima et al., 2006). The required aldehyde
86 was readily prepared from ethyl acetoac-
etate after chain elongation. The aldol reac-

ANNNotHp
72
S %)H 3 steps
OW\/\OTHP —_—
PMBO_ A2 l
W\Cl
73
OMOM
omoMm CygH,,MgBr, 0°C CaoH z
= o 10 21MOTHP
OHCT ""otHP .
74 o 75
0
OoMOM
—— > o CyoHyy COOH PTSA
Y\/\/ reflux C1oH21
OAc z
76 OAc 1a

Figure 26
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tion of 86 with cyclopentanone in the pres-
ence of 30 mol% of L-proline gave syn- and
anti-adducts (75:25 ratio). The syn-adduct
87 was then treated with Raney-Ni to give
the desired B-hydroxy ketone which upon
oxidation and acetylation led to molecule
1a (Figure 29) (4 steps, 35.5% yield).

2.6.Chemo - enzymatic synthesis

A chemo-enzymatic synthesis of (-)-(5R,
65)-6-acetoxy-5-hexadecanolide was pub-
lished by Schick (Henkel et al, 1995). The
methyl ester of racemic 5,6-dihydroxyhexa-
decanoic acid was prepared by a Wittig re-
action of (4-carboxybutyl)-triphenylphos-
phonium bromide with undecanal followed
by esterification with methanol and cis di-
hydroxylation with osmium tetroxide. After
conversion of the dihydroxy ester 90 and 91
into 6-hydroxy-hexadecanolide by lacton-
ization, (-)-(5R,6S)-6-acetoxy-5-hexadecan-
olide was obtained by an enantioselective

© Benaki Phytopathological Institute

lipase-catalyzed acetylation with vinyl ace-
tate (Figure 30) (6 steps, 11% yield).

2.7. Chemo - microbial synthesis
Oehlschlager explored the role of bak-
er's yeast as a chiral reagent presenting a
multi-step formal synthesis of (-)-(5R,6S)-
6-acetoxy-5-hexadecanolide (Ramaswamy
and Oehlschlager, 1991). His approach to
the synthesis involved the elaboration of
the chiral diol 94 (Figure 31). Diol 94 was
prepared by baker’s yeast reduction of hy-
droxyketone 93 in 47% yield and an opti-
cal purity of 98.5%. The primary alcohol was
converted enzymatically to butyrate where-
as the secondary alcohol was THP protect-
ed. Regeneration of the primary alcohol,
oxidation and addition of n-decylmagne-
sium bromide afforded an erythro:threo mix-
ture (45:55). Conversion of this mixture into
erythro diol was achieved through Swern
oxidation, removal of the THP group and
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Zn(BH,), reduction of the produced ketone
to the diol 97. More functional and protec-
tive group manipulations led to the inter-
mediate 69a which could be transformed to
the desired pheromone according to litera-
ture (Machiya et al., 1985).

2.8.0xidative cyclization with Ru(+2)
complexes
The synthetic utility of the oxidative cy-
clization of bis-homopropargylic alcohols
with Ru(+2) complexes as catalysts and N-hy-
droxysuccinimide to form -lactones was il-
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lustrated by the synthesis of the oviposition
pheromone of the mosquito Cx. quinquefas-
ciatus (Trost and Rhee, 2002). A catalytic sys-
tem composed of CpRul(p-CH,0OH,),P1Cl
and excess (p-CH,0-C.H,),P directs the reac-
tion toward the oxidative cyclization to form
6-lactones in good yields (Figure 32).

2.9.Syntheses of racemic or diastereoi-
someric mixtures

Ochiai et al. (1985) synthesized the eryth-
ro-6-acetoxy-5-hexadecanolide starting from
(E)-hexadec-5-enal 99 (Figure 33). Oxidation
of aldehyde 99 with sodium chlorite, epoxida-
tion by treatment with m-chloroperbenzoic
acid, lactonization of the resulting oxirane by
heating in toluene-cyclohexane at reflux for
1 day and finally acetylation afforded a mix-
ture of (5R,65)- and (55,6R)-6-acetoxy-5-hexa-
decanolide (4 steps, 40% yield).

From the seeds of the summer cypress
plant, Kochia scoparia, (5R,6S)-isomer was ef-
ficiently synthesized, in admixture with the
inactive (5S,6R)-isomer (Olagbemiro et al.,
1999). The intermediate (5R,65)-6-hydroxy-
5-hexadecanolide, 106, was prepared with
three different approaches from glycer-
ides of (Z)-5-hexadecenoic acid, 100 (Figure
34). In the final step an acetylation gave the
enantiomerically enriched 6-acetoxyhexa-
decanolide, 1a (Routes A, B and C 8, 12 and
16.5% yield respectively).

A diastereoisomeric mixture of the ovi-

position pheromone was synthesized via a
simple (five steps), efficient and high yield-
ing procedure (Figure 35) (Michaelakis et al.,
2005).

Oxidation, cis-dihydroxylation of the 9:1
mixture of cis and trans double bonds and
consequent lactonization led to the forma-
tion of the erythro and threo isomers re-
spectively. Thus, a mixture of the four ste-
reoisomers of 6-acetoxy-5-hexadecanolide
(1a-d) containing 45% of the natural ovipo-
sition aggregation pheromone [(-)-(5R,65)],
45% of its enantiomer [(+)-(55,6R)] and 10%
of the respective threo enantiomeric pair
[(-)-(55,6S) and (+)-(5R,6R)] was prepared (5
steps, 45% yield).

3. Conclusion

Pheromone synthesis is important to obtain
sufficient quantities in order to be used for
the determination of their absolute config-
uration as well as for the biological studies,
both in laboratory and field conditions (Mori
and Tashiro, 2004).

The simple chemical structure of the cur-
rent oviposition aggregation pheromone
(only two asymmetric centres) and the fact
that the management of mosquitoes is im-
portant for reducing their impacts on pub-
lic health provoked many research groups
to synthesize or/and bioassay it.

o]
OH
. 4OH 3 steps
n-C,oH —_—
e CioH21
98 1d  OAc (5S,6S)-isomer
Figure 32
OHC. A~ C1oH21 Astebs., 1a & 1b (erythro isomers)
99
Hexadec-5-enal
Figure 33
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The use of pheromone in mosquito con-  www.cdc.gov).

Furthermore, pheromone

trol would be of great value since Culex mos-
quitoes are known to be vectors of human
tropical diseases such as the West Nile virus
disease. During the last decade, the spread
of West Nile virus in the Western Hemisphere
resulted in the death of hundreds and the
infection of thousands of people (Centers
for Disease Control and Prevention, http://

could be used in gravid traps for West Nile
virus surveillance. Moreover, accurate and
reliable information regarding the breeding
habits and distribution of Culex mosquitoes
is an essential requisite for improved man-
agement strategies for these important dis-
ease vectors.
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APOPO ANAZKOIMHXHZ

®epopovn cuvabpolong Twv KOUVOUTIWY Tou Yévoug Culex yia
evano0eon wwv: HeEAETEC BLoSpacTIKOTNTAG KAl CUVOETIKEG
TIPOCEYYIOEIG

A.MN. Mixou kat A.N. MixanAdkng

NepiAnyn Ta yovipomoinuéva Bnhukd kouvouTia Tou yévoug Culex yevvouv og uSaTiko mepiBAallov
omou mpoUmapyouv oxedieq wwv. Melpapatikég YeAETeG E6e1§av OTL AUTO OPEiNeTAL OTO YEYOVOC OTL T
yovipomoinpéva BnAukda avtamokpivovtal BeTiKA o€ pia gepopdvn. H pepopovn autr ovoudletal @e-
popovn wobeaiac. EkAUeTal amd otayovidia mou oxnuatiovtal 6To akpaio TURKA Tou KABe wov, Aiyo
META TNV evamoBeor| Toug 0To VEPO Kal Spa w¢ UTTOKIVATAG yla va evamoBécouv Kal dAAa dtopa oTov
i610 xwpo. H xnuikA avaiuon twv akpaiwv otayovidiwv amokdAuye 0Tt n gepopodvn wobeaiag Tou
Kouvoumiou Cx. quinquefasciatus sivai 1o (-)-(5R,65)-6-aketofu-5-6ekae€avolidio. EkTote, n pepopd-
v xpnoluomolriBnke o€ peydio aplBud mepapaTwy TPOCGEAKUGTIKOTNTAC YOVILOTOINUEVWY BNAUKWV
TIPOKEIEVOU Va SlepeuvnBoUV Ta XAPAKTNPIOTIKA TNG. MOIKINEG OUVOETIKEC TPOOEYYIOEIC £X0UV avVa-
@epBei otn BiBAOypagia Katl apopolv Oxl LOVO TO QUOLKS LOOPEPEG OANG TOOO Ta £pUBPO- EVAVTIOLE-
pr 600 Kal Ta Téooepa Sl00TEPEOUEPN TOU 6-aKeTOEU-5-6ekaeavolbiou. Mehéte Bloloyikic dpa-
ong amokaAupav 6Tt Pévo Tto (-)-(5R,65)-100uepéC fTav PlodpacTiko evw Ta umdAotma Tpia IooUEPN
bev mpokalovoav kapia emidpaon. XTo dpBpo avaockoemnong yivetat avagopd oTic moikileg Blodoki-
MEC TTOU avamTUXOnKav eV ava@éPovTal KAl OL IO EMITUXNUEVESG CUVOETIKEC TTPOOEYYIOELG TG PEPO-
povne otn diebvn BiAioypagia.

Hellenic Plant Protection Journal 3: 33-56, 2010
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Validation of a multiresidue method for the determination of
multiclass pesticides by using representative analytes by gas
chromatography

N. Vlastaras', E. Dasenakis' K.S. Liapis?, G.E. Miliadis? and C.J. Anagnostopoulos?

Summary The protection of crops against pests and diseases by various mostly synthetic pesticides
is a common approach in conventional farming. Even when pesticides are applied in accordance with
Good Agricultural Practices (GAP), they can leave residues on plants. Therefore, the need of finding de-
termination methods for pesticide residues with speed, facility and reliability is rendered imperative.
The estimation of reliability of a multiresidue method is achieved by the process of validation. Validat-
ing a multiresidue method is a time- and effort-consuming task, which usually requires 5-6 replicates
of recovery in at least two different levels for each compound and matrix combination of interest. In
this study, a different approach using a more effortless and fast method of validation is followed. A se-
lection of representative analytes was made; the number of the tested analytes was at least 20% of the
total number of each chemical pesticide class, covering selected physicochemical properties (polarity,
solubility in water, vapor pressure). In addition, the representative analytes included those for which
the worst performance was expected. Furthermore, validation in only one matrix per group commod-
ity is proposed. With the above process and by testing 44 representative analytes, the multiresidue
method by gas chromatography with electron capture (ECD) and nitrogen-phosphorous (NPD) detec-
tors used in this study for the determination of over 180 pesticides in crops, including organophos-
phorus, organochlorine, triazole, triazine, strobilurin, pyrethroid, dinitroaniline and nitrogen-contain-
ing pesticides, was validated. The matrixes were tomatoes and grapes, products of high consumption
in Greece.

Additional keywords: analytes, GCG-NPD, GC-ECD, multiresidue methods, representative, validation

Introduction

Monitoring of pesticides in food usually in-
volves the rapid, accurate and cost-effective
detection of a wide range of compounds
that belong to different chemical classes.
Thus, it is imperative to develop multires-
idue analytical methods in order to screen
the maximum possible number of com-
pounds. Laboratories perform method val-
idation to provide evidence that a method is
fit for the purpose for which it is to be used.
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The method usually has to be fully validated
for all analytes included in the scope of the
method and probably for all matrixes. With
respect to matrixes, representative ones may
be used (4). Regarding analytes, we believe
that, by choosing representative ones from
each chemical class, multiclass multiresidue
methods with less time and effort, appro-
priate for laboratories performing pesticide
residue analysis and acceptable for accredi-
tation purposes can be validated.

In the present study, representative ana-
lytes for various chemical groups including
organophosphorus, organochlorine, triaz-
ole, triazine, strobilurin, pyrethroid, dinitroa-
niline and nitrogen-containing pesticides,
were selected according to their physico-
chemical properties. The physicochemical
properties used to select the representative
analytes were:
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(a) Polarity

Itis usually reported as a logarithm, most
commonly as log Kow or log Pow. It is de-
fined as the ratio of the equilibrium concen-
trations of the two-phase system consisting
of water and n-octanol. Polarity refers to the
extent to which charge is unevenly distrib-
uted within the molecule and to the occur-
rence of polar functional groups in it. This
parameter is characteristic of the liphophili-
ty of the molecule and gives an indication of
the compound'’s tendency to accumulate in
biological membranes and living organisms.
It's determination gives data required for
the registration of new organic chemicals.
It is generally considered that substances
with a log Kow value higher than 3 can show
accumulation. This risk is measured experi-
mentally by the bioconcentration factors in
aquatic organisms, and some correlations
have been found between these two param-
eters for very hydrophobic pesticides, such
as the organochlorines. Some persistent or-
ganochlorines withdrawn from the market
were all characterised by log Kow > 4 (1).

As a rough rule, non-polar analytes are
characterised by log Kow values above 4-5,
whereas polar analytes have log Kow values
below 1 or 1.5. Between these two values,
compounds are classified as moderately po-
lar (Figure 1).

(b) Water solubility
It is a fundamental, chemical-specific
property defined as the concentration of a

chemical dissolved in water when that wa-
ter is both in contact and at equilibrium
with the pure chemical. As a general rule,
a very soluble ingredient (water solubility
above several g/l) cannot be extracted from
water with the available extraction proce-
dures. Very insoluble ones (water solubility
<0.5-1 mg/1) are difficult to analyse at trace
levels because they have a tendency to ad-
sorb everywhere, especially on glassware;
this leads to low extraction recoveries, un-
less some organic solvent is added to the
samples prior to extraction (1). Water solu-
bility indicates the tendency of a pesticide
to be removed from soil by run-off or irriga-
tion water and to reach the surface water. It
also indicates the tendency to precipitate
at the surface soil. However, this parameter
alone cannot be used for predicting leach-
ing through soil, although the distribution
of pesticides in the environment is condi-
tioned by a variety of partition coefficients
into water, and several authors have shown
correlations between these partition coeffi-
cients and the water solubility (Figure 2) (1).

(c) Vapour pressure

It is another chemical-specific property,
defined as the partial pressure of a chemi-
cal, in the gas phase, in equilibrium with the
pure solid or liquid chemical. Vapour pres-
sures are very temperature-dependent. This
parameter governs the distribution between
liquid and gas phase or between solid and
gas phase. Experimental measurements are
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Figure 1. Distribution of the analytes studied according to their log Pow.
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not easily made, especially because many
plant protection products have low vapour
pressure values. They are not always mea-
sured at ambient temperature, but can be
extrapolated from measurements at high-
er temperatures using the Clapeyron equa-
tion. Reported vapour pressure values often
exhibit wide discrepancies, up to tenfold
between different authors. In general, only
compounds with vapor pressures exceeding
about 107 torr can be analyzed by gas chro-
matograph (Figure 3) (1).

The objective of this study is to present
and validate a simple and rapid method for
the determination of the multiclass pesti-
cides (organophosphorus, organochlorine,
triazole, triazine, strobilurin, pyrethroid, di-
nitroaniline and nitrogen-containing pesti-
cides) with different physicochemical prop-

erties in fruits and vegetables of high water
content.One crop per group commodity was
chosen (i.e. tomatoes and grapes). The sam-
ple preparation included liquid extraction
based on acetone and dichloromethane/
petroleum ether (50:50) (5) and the determi-
nation step was performed by gas chroma-
tography with electron capture (ECD) and
nitrogen phosphorus (NPD) detectors.

Materials and methods
1. Chemicals and Reagents
(a) Solvents
Acetone, 2,2,4-trimethylpentane and tol-

uene were used for the preparation of stock
and working standard solutions. Acetone,
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Figure 2. Distribution of the analytes studied according to their water solubility.
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Figure 3. Distribution of the analytes studied according to their vapour pressure.
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dichloromethane and petroleum ether were
used in the extraction procedure. All sol-
vents were of pesticide residues grade and
were obtained from Lab Scan (Ireland).

(b) Pesticide standards

In this study, 44 analytes were selected
with distinct physicochemical characteris-
tics as shown in Table 1 (2, 7). They included
polar and non-polar compounds, as well as
compounds of various molecular masses.

Representative analytes for various
chemical groups, including organophos-
phorus, organochlorine, triazole, triazine,
strobilurin, pyrethroid, dinitroaniline and ni-
trogen-containing pesticides, were select-
ed according to their physicochemical prop-
erties, such as polarity, water solubility and
vapour pressure (see Introduction). It is im-
perative to add that these are not the only
physicochemical parameters that may used
to select the representative analytes. The

Table 1. Analytes studied, their chemical class and basic physicochemical characteristics.

Analyte Kow 109P Vapor Pressure (mPa) Solubility (mg/I)
Organophosphorous

acephate -0.89 0.226 (24°C) 790 g/1 (20°C)
azinphos-methyl 2.96 c.4-5(20°C) 0.32(20°C)
cadusafos 3.9 1.2x10% (25°C) 248
chlorpyrifos-methyl 4.24 3 (25°C) 2.6 (20°Q)
diazinon 3.30 12 (25°C) 60 (20°C)

) 1.9 (OECD 117); 1.42 3 o .
dichlorvos (separate study) 2.1x103 (25°C) (OECD 104) c. 18 g/1 (25°C)
demeton s-methyl 1.32(20°C) 40 (20°C) 22 g/1(20°C)
dimethoate 0.704 0.25 (25°C) 23.8g9/1(20°C)
ethion 4.28 0.20 (25°C) 2 ppm (25°C)
fenthion 4.84 0.74 (20°C); 1.4 (25°C) 4.2 (20°C)
methidathion 2.2 (OECD 107) 2.5x107" (20°C) 200 (25°C)
omethoate -0.74 (20°C) 3.3 (20°C) Readily soluble in water
parathion-ethyl 3.83 0.89 (20°Q) 11.0
parathion-methyl 3.0 0.2 (20°C); 0.41 (25°C) 55 (20°C)
phosalone 4,01 (20°C) <0.06 (25°C) 3.05 (25°C)
pyrazophos 3.77 (20°C) 1.6x107 (20°C) 33 (20°C)
triazophos 3.34 0.39 (30°C); 13 (55°Q) 39 (pH 7,20°C)
Amides
dichlofluanid 3.7 (21°Q) 0.014 (20°C) 1.3 (20°C)
metalaxyl 1.75 (25°C) 0.75 (25°C) 8.4 g/1(22°C)

o 0.66 (25°C, gas saturation o
benalaxyl 3.54(20°C) method) 28.6 (20°C)
Triazoles
fluguinconazole 3.24 (pH 5.6) 6.4x107° (20°C) 1 (pH 6.6, 20°C)
myclobutanil 2.94 (pH 7-8, 25°C) 0.213 (25°C) 142 (25°C)
penconazole 3.72 (pH 5-7, 25°C) 0.17 (20°C) 0.37 (25°C) 73 (25°C)
propiconazole 3.72 (pH 6.6, 25°C) 2.7x1072 (20°C); 5.6x102 (25°C) 100 (20°C)
tetraconazole 3.56 (20°C) 0.18 (gas saturation method) 156 (pH 7, 20°C)
triadimenol 3.1 0.02 (20°C); 0.06 (25°C) 64 (20°C)
Organochlorines
aldrin 6.50 8.6 (20°C) 0.027 (27°C)
dieldrin 5.40 0.4 (20°C) 0.186 (20°C).
endosulfan-a 4.74 (pH 5) 0.83 (20°Q) 0.32 (22°Q)
Pyrethroids
acrinathrin 5.6 (a.i. 20°C) 4.4x10°° (25°C) <or=0.02(25°C)
bifethrin >6 0.024 (25°C) <1 ug/l
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Table 1 (continued)

Analyte Kouw 109P Vapor Pressure (mPa) Solubility (mg/I)
6.0 (20°C) 9.6x10(20°C) (1) 9.6x104; (II) 1.4x10°>; (IIl)
cvfluthrin 5.9 (20°C) 1.4x10°(20°C) 2.1x10%; (IV) 8.5x10°
Y 6.0 (20°C) 2.1x10°(20°C) (all in, 20°C)
5.9 (20°C) 8.5x10(20°C)
deltamethrin (1,11) 4.6 (25°C) 1.2x10°%(25°C) < 0.2 pg/l
esfenvalerate 6.22 (25°C) 2x104(25°C) 0.002 (25°C)
fenpropathrin 2.9 (pH 7, 25°C) 17 (25°Q) 530 g/m3(pH 7, 25°C)
flucythrinate 4.7 (25°C) 0.0012 (25°C) 0.5 (21°C)
ermethrin 6.1 (20°C) cis- 0.0025 ; trans- 0.0015 6x107 (pH 7, 20°C)
p (both 20°C) (12)
Triazines
atrazine 2.5(25°Q) 3.85x102 (25°C) (OECD 104) 33 (pH 7,22°C)
3.1(25°C, 0.165 (25°C) (OECD 104) 33 (25°C)
prometryn L
unionised)
. . 2.1 (25°C, 2.94x1073 (25°C) (OECD 104) 6.2 (pH 7,20°C)
simazine L
unionised)
terbuthylazine 3.21 (unionised) 0.15 (25°C) 8.5 (pH 7, 20°C).
Strobilurins
kresoxim-methyl \ 34 \ 2.3x10°3 \ 2
Dinitroanilines
pendimethalin 5.18 4.0 (25°Q) 0.3 mg/I (20°C)

trifluralin 4.83 (20°C) (EECAS)

6.1 (25°C) (EECA4)

0.184 (pH 5),0.221 (pH 7),
0.189 (pH 9)

numbers of the tested analytes were at least
20% percent of the total number of each
chemical pesticide class, covering the whole
range of selected physicochemical proper-
ties (polarity, solubility in water, vapor pres-
sure). In addition, in the representative ana-
lytes those for which the worst performance
was expected were also included (4, 6).

The selected analytes belong to different
chemical classes: 17 organophosphorous, 3
organochlorines, 3 amides, 6 triazoles, 4 tri-
azines, 1 strobilurins, 2 dinitroanilines and 8
pyrethroids.

Pesticides may be base- or acid-sensi-
tive (correspondingly captan and pymetro-
zine), high volatile (dichlorvos), very polar
(acephate, omethoate) or unstable in the
chromatographic system (metribuzin, car-
baryl). For example, dichlorvos high volatil-
ity resulted in increased uncertainty during
the evaporation phase and all the polar or-
ganophosphorus pesticides demonstrated
low recoveries (10). So it is expected that, in
a multiresidue method, pesticides with sim-
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ilar physicochemical properties yield similar
results. This similar behavior is used during
validation of a method by choosing repre-
sentative analytes covering physicochemi-
cal properties of choice.

The pesticide active ingredients used in
this study were obtained from Dr Ehrenstor-
fer Laboratories (GmbH Germany).

(c) GG-ECD/NPD system

The pesticides were separated and de-
termined in a Agilent 6890 gas chromato-
graph, with two splitless injectors, a DB-5-
MS column (30 m, 0.32 mm i.d. and 0.25 pm
film thickness) connected to the ECD and a
DB-17 MS column (30 m, 0.3 mmi.d.and 0.25
pm film thickness) connected to the NPD.
The oven temperature programme started
from 60°C for 1.5 min, increased to 220°C
at a rate 14°C/min, held for 4 min, then in-
creased to 280°C at 20°C /min and held for
20 min. The helium carrier gas flow rate was
1.5 ml/min for both columns. Injectors’ tem-
perature was set at 230°C and splitless in-
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jection was carried out with the purge valve
closed for 1 min. Hydrogen (3 ml/min) and
air (60 ml/min) were used as fuel gases for
the NPD, while nitrogen (60 ml/min) and he-
lium (6 ml/min) were used as auxiliary gases
for the ECD. The temperature of both detec-
tors was set at 310°C. The data acquisition
and analysis was conducted with Chemsta-
tion chromatography data manager soft-
ware.

(d) Chopper

For the extraction of samples, a Janke
& Kunkel IKA Labortechnik Ultra-Turrax T25
was used.

(e) Centrifuge
A centrifuge Hellenic Labware ALC 4236
was used.

(f) Waterbath
A waterbath SWB was used.

2. Preparation of samples

(a) Stock and Working solutions

Stock standard solutions for each pesti-
cide were prepared in acetone at 1,000 mg/I
and stored at -20°C. Standard mixture solu-
tions of the compounds were prepared in
2,2,4-trimethylpentane/toluene (90/10) at
intermediate concentrations (1-10mg/l) and
stored at -20°C. Three standard mixture so-
lutions of the compounds were prepared,
as shown in Table 2. The compounds select-
ed for each solution were chosen to achieve
better chromatographic separation and ac-
cording to the sensitivity of the compounds
to each detector. Matrix matched standard

Table 2. Retention times (RT.) of the 44 analytes studied according to the column type, the
detector and their distribution in three mixtures.

Analyte RT. Column Detector Mixture
trifluralin 7.4 DB-5 ECD 1
terbuthylazine 8.7 DB-5 ECD 1
metribuzin 10.2 DB-5 ECD 1
aldrin 12 DB-5 ECD 1
pendimethalin 13.8 DB-5 ECD 1
endosulfan a 15.5 DB-5 ECD 1
dieldrin 16.9 DB-5 ECD 1
kresoxim-methyl 18.2 DB-5 ECD 1
propiconazole 1/2 22 DB-5 ECD 1
propiconazole 2/2 224 DB-5 ECD 1
bifenthrin 26.7 DB-5 ECD 1
fenpropathrin 271 DB-5 ECD 1
acrinathrin 32.8 DB-5 ECD 1
permethrin 1/2 335 DB-5 ECD 1
permethrin 2/2 33.8 DB-5 ECD 1
cyfluthrin 1/4 345 DB-5 ECD 1
cyfluthrin 2/4 346 DB-5 ECD 1
cyfluthrin 3/4 34.7 DB-5 ECD 1
cyfluthrin 4/4 34.8 DB-5 ECD 1
flucythrinate 1/2 35.2 DB-5 ECD 1
flucythrinate 2/2 355 DB-5 ECD 1
esfenvalerate 36.6 DB-5 ECD 1
deltamethrin 1/2 371 DB-5 ECD 1
deltamethrin 2/2 37.5 DB-5 ECD 1
parathion-methyl 10.5 DB-5 ECD 2
dichlofluanid 11.8 DB-5 ECD 2
fenthion 12.3 DB-5 ECD 2
penconazole 13.9 DB-5 ECD 2
triadimenol 1/2 14.4 DB-5 ECD 2
triadimenol 2/2 14.7 DB-5 ECD 2
acetamiprid 25.2 DB-5 ECD 2
dichlorvos 5.1 DB-17 NPD 3
acephate 7.2 DB-17 NPD 3
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Table 2 (continued)

Analyte RT. Column Detector Mixture
demeton -S- methyl DB-17 NPD 3
cadusafos 8.6 DB-17 NPD 3
omethoate 9.7 DB-17 NPD 3
diazinon 10.5 DB-17 NPD 3
atrazine 10.8 DB-17 NPD 3
simazine 11.1 DB-17 NPD 3
dimethoate 12.2 DB-17 NPD 3
chlorpyrifos-methyl 13.9 DB-17 NPD 3
prometryn 14.3 DB-17 NPD 3
metalaxyl 15.1 DB-17 NPD 3
tetraconazole 15.9 DB-17 NPD 3
parathion ethyl 16.4 DB-17 NPD 3
fenthion 17.8 DB-17 NPD 3
methidathion 233 DB-17 NPD 3
myclobutanil 24.8 DB-17 NPD 3
ethion 26.9 DB-17 NPD 3
benalaxyl 29.9 DB-17 NPD 3
triazophos 324 DB-17 NPD 3
phosalone 35 DB-17 NPD 3
pyrazophos 35.6 DB-17 NPD 3
azinphos-methyl 36.5 DB-17 NPD 3
fluguinconazole 375 DB-17 NPD 3

mixture solutions for measurements were
prepared in matrix extract, previously anal-
ysed for the absence of compounds inter-
fering with the analytes. The blank extract,
in which the solutions were prepared, was
produced as described in section “Proce-
dure”. 0.5 ml of the blank extract was evap-
orated to dryness by a stream of N, and 0.5
ml of a standard solution of the desired con-
centration, prepared in 2,2,4-trimethylpen-
tane/toluene (90/10), was added. The final
solution was placed in an ultrasonic bath for
30 sec.

(b) Procedure

The following extraction method was
used (5): An aliquot of 15 £ 0.15 g of sample
was weighted into a 250 ml PTFE centrifuge
bottle (Nalgene, Rochester, NY); 30 ml of ac-
etone were added and stirred for 1 min in
an ultra-turrax homogenizer at 15,000 rpm;
30 ml of dichloromethane and 30 ml of pe-
troleum ether were added and the mixture
was stirred for 1 min and then centrifuged at
4,000 rpm for 2 min. An aliquot of 25 ml of
the supernatant liquid were evaporated to
dryness on a water stream bath at 65-70°C,
and 1 ml of 2,2,4-trimethyl pentane/toluene
(90/10) was added. An additional quantity of

© Benaki Phytopathological Institute

15 ml of the supernatant liquid was evapo-
rated to dryness on a water steam bath at
65-70°C, and 3 ml of 2,2,4-trimethyl pen-
tane/toluene (90/10) were added. The two
extracts were placed in ultrasonic bath for
30 sec and then they were transferred into
separate vials with a Teflon stopper, in order
to be used for the NPD and ECD chromato-
graphic analysis, respectively. Simultaneous
injections were performed in the injectors
with the aid of two separate autosamplers.

(c) Preparation of fortified samples

Control samples were prepared from or-
ganically produced tomatoes and grapes.
Aliquots of 15 g of the sample were forti-
fied at two levels, the lowest fortification
level (LFL) and the tenfold fortification lev-
el (10¥LFL), as shown in Table 2. For validat-
ing the method (3), five replicates were used
for each level.

Results and Discussion

The accuracy of the method was estimated
by calculating the attained recovery. For val-
idating a method, mean recoveries of 70-
120% are considered acceptable, while in
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the case of routine analysis, the acceptable
recoveries are between 60 and 140% (3).
The precision of the method was estimated
by assessing the relative standard deviation
(RSD) values under repeatability conditions
(same analyst, same instrument, same day).
Repeatability with RSD< 20% is considered
acceptable (3).

As shown in Table 3, mean recoveries

of the tomato samples at the LCL were be-
tween 73.2 - 117.9% with a RSD between 1
- 16.72% and at the 10*LFL between 86.5 -
108.5% with a RSD between 0.37 - 7.3% for
most of the analytes studied. These results
generally indicate good method accuracy.
As shown in Table 4, mean recoveries of
the grape samples at the LCL were between
71.5 - 120.6% with a RSD between 0.87 -

Table 3. Average recovery values and relative standard deviation (RSD) for the 44 analytes in
tomatoes, as derived from the fortification experiments in both detection systems.

Analyte LFL' (mg/Kg) | Recovery % +RSD | 10*LFL' (mg/Kg) Recovery % + RSD
acephate 0.02 35.7£9.23 0.2 20.3+4.81
acrinathrin 0.05 87.916.74 0.5 100.7+1.67
aldrin 0.01 (MRL) 87.0+8.23 0.1 100.2+4.61
atrazine 0.10 (MRL) 93.5+2.18 1.0 89.9+1.23
azinphos-methyl 0.10 103.9+3.81 1.0 90.4+7.30
benalaxyl 0.10 103.3£6.78 1.0 98.8+1.35
bifenthrin 0.1 90.0+5.97 1 99.9+2.87
cadusafos 0.05 91.4+4.74 0.5 96.6+1.07
chlorpyrifos-methyl 0.10 97.5+3.06 1.0 98.2+1.81
cyfluthrin 0.05 (MRL) 90.2+8.42 0.5 101.2+1.77
deltamethrin 0.05 91.2+£12.18 0.5 98.3+£2.27
demeton -S- methyl 0.10 73.2+7.18 1.0 86.5+£2.15
diazinon 0.02 96.0+2.85 0.2 98.1+1.37
dichlofluanid 0.1 100.1£9.55 1 86.8+2.00
dichlorvos 0.10 (MRL) 39.4+53.55 1.0 66.1£12.3
dieldrin 0.01 (MRL) 91.0+£9.32 0.1 103.9+£2.63
dimethoate 0.02 101.2+£2.00 0.2 90.2+2.64
endosulfan a 0.05 90.3+8.03 0.5 (MRL) 100.1+1.24
esfenvalerate 0.05 (MRL) 90.8+9.65 0.5 99.7+1.40
ethion 0.10 (MRL) 101.3+2.26 1.0 97.611.6
fenpropathrin 0.05 89.5+9.03 0.5 101.1+1.60
fenthion 0.05 96.0+£2.30 0.5 95.8+1.0
flucythrinate 0.05 (MRL) 94.9+16.72 0.5 98.4+2.32
fluquinconazole 0.10 104.4+5.75 1.0 93.8+3.68
kresoxim-methyl 0.1 90.8+8.66 1 101.741.26
metalaxyl 0.05 (MRL) 109.8+4.84 0.5 93.0+1.7
methidathion 0.02 (MRL) 85.1£5.42 0.2 94.9+2.8
myclobutanil 0.10 117.9+£3.79 1.0 96.9+1.0
omethoate 0.10 46.2+6.41 1.0 374154
parathion ethyl 0.05 (MRL) 100.3+2.35 0.5 96.4+1.90
parathion-methyl 0.05 96.6+1.05 0.5 92.3+1.59
penconazole 0.05 (MRL) 114.3+4.43 0.5 95.3+1.23
pendimethalin 0.05 (MRL) 87.3+9.90 0.5 99.4+1.5
permethrin 0.05 (MRL) 84.7+14.57 0.5 108.5+4.66
phosalone 0.05 107.713.44 0.5 105.1+2.59
prometryn 0.10 100.2+£2.19 1.0 97.2+1.55
propiconazole 0.05 (MRL) 120.1+£10.79 0.5 103.4+1.80
pyrazophos 0.05 (MRL) 106.6+3.50 0.5 99.4+4.58
simazine 0.10 96.4+2.48 1.0 89.7£1.03
terbuthylazine 0.1 111.7+14.73 1 97.7+£3.22
tetraconazole 0.10 115.3+2.81 1.0 95.5+1.28
triadimenol 0.1 114.3£4.23 1 97.7£0.37
triazophos 0.02 (MRL) 102.2+4.33 0.2 97.8+2.5
trifluralin 0.05 87.6+11.39 0.5 98.3+2.89

'LFL: lowest fortification level; 10*LFL: tenfold fortification level
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20.43% and at the 10*LFL from 88 — 99.7%
with a RSD between 0.55 - 19.14% for most
of the analytes studied. These results also in-
dicate good method accuracy.

Some compounds (aldrin-dichloflu-
anid and pendimethalin-penconazole) co-
eluted in the DB-5-MS column (Table 2). In
case a peak was found at the certain reten-
tion times, an acceptable method of confir-

mation was applied. It is of paramount im-
portance first to confirm the presence of the
compound and then to quantify it. One of
the acceptable confirmation methods is the
use of different polarity columns to confirm
the presence of a compound. According to
Table 5, the proper column for the separa-
tion of the above pairs is the DB-17. Addition-
ally, a GC-MS system can be used. The m/z

Table 4. Average recovery values and relative standard deviation (RSD) for the 44 analytes in
grapes, as derived from the fortification experiments in both detection systems.

Analyte LFL' (mg/Kg) Recovery % = RSD 10*LFL' (mg/Kqg) Recovery % + RSD
acephate 0.02 (MRL) 50.8+4.05 0.2 28.1£7.34
acrinathrin 0.05 109.6+3.66 0.5 97.9+4.16
aldrin 0.01 (MRL) 103.841.22 0.1 96.8+5.32
atrazine 0.10 (MRL) 95.2+.1.88 1.0 94.3+1.03
azinphos-methyl 0.10 118.3£2.96 1.0 (MRL) 90.2+0.55
benalaxyl 0.10 105.5+4.79 1.0 96.6+0.81
bifenthrin 0.1 116.8+5.21 1 100.1+3.46
cadusafos 0.05 98.0+2.82 0.5 93.9+1.51
chlorpyrifos-methyl 0.10 100.4+1.77 1.0 97.5+0.87
cyfluthrin 0.05 102.9+£2.53 0.5 94.0+£3.36
deltamethrin 0.05 96.6+£3.57 0.5 88.0+7.35
demeton -S- methyl 0.10 73.4+20.43 1.0 44.4+32.34
diazinon 0.02 (MRL) 100.5+1.83 0.2 97.4+0.76
dichlofluanid 0.1 112.2+1.56 1 90.0+0.94
dichlorvos 0.10 (MRL) 59.5+27.05 1.0 57.5+£19.14
dieldrin 0.01 (MRL) 104.2+1.86 0.1 97.1£2.29
dimethoate 0.02 (MRL) 102.2+1.82 0.2 91.4+£0.87
endosulfan a 0.05 103.6+0.87 0.5 (MRL) 95.7+2.51
esfenvalerate 0.05 97.3+1.57 0.5 93.1+4.85
ethion 0.10 103.0£2.21 1.0 98.5+1.34
fenpropathrin 0.05 103.6+1.61 0.5 96.1+2.33
fenthion 0.05 95.1£2.39 0.5 89.9+£6.93
flucythrinate 0.05 (MRL) 101.9+1.57 0.5 93.1+4.85
fluquinconazole 0.10 120.6+3.97 1.0 76.9+3.84
kresoxim-methyl 0.1 106.2+1.39 1 (MRL) 96.5+2.20
metalaxyl 0.05 117.3£3.93 0.5 97.7£0.27
methidathion 0.02 107.4+7.55 0.2 98.7£2.39
myclobutanil 0.10 120.24+2.00 1.0 (MRL) 92.941.02
omethoate 0.10 (MRL) 52.0+6.46 1.0 30.1£5.03
parathion ethyl 0.05 (MRL) 104.3+1.80 0.5 97.2+0.70
parathion-methyl 0.05 98.3+4.02 0.5 89.1+0.87
penconazole 0.05 136.1+£1.38 0.5 91.4+2.52
pendimethalin 0.05 (MRL) 102.9+1.41 0.5 95.5+1.86
permethrin 0.05 (MRL) 76.8+4.64 0.5 96.5+2.43
phosalone 0.05 (MRL) 107.2+4.79 0.5 92.4+1.14
prometryn 0.10 101.1£1.60 1.0 96.3+£1.40
propiconazole 0.05 171.5+3.66 0.5 (MRL) 93.5+4.38
pyrazophos 0.05 124.6£1.16 0.5 92.9+1.38
simazine 0.10 99.3%£1.77 1.0 91.9+1.41
terbuthylazine 0.1 71.5+£6.27 1 85.9+9.72
tetraconazole 0.10 116.3+1.41 1.0 95.8+1.07
triadimenol 0.1 117.7+0.89 1 99.7+£2.45
triazophos 0.02 (MRL) 106.9£2.13 0.2 96.9+0.86
trifluralin 0.05 95.4+1.60 0.5 93.8+8.34

'LFL: lowest fortification level; 10*LFL: tenfold fortification level
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Table 5. Relative retention times (R.R.T.) of the compounds aldrin, dichlofluanid, pendime-
thalin and penconazole (relative to parathion ethyl) in four different columns.

Analyte R.RT. R.RT. R.RT. R.RT.
(DB-1) (DB-5) (DB-17) (DB-WAX)

aldrin 1.01 0.99 0.89 0.61

dichlofluanid 0.98 0.96 0.99

pendimethalin 1.05 0.99

penconazole 1.05 1.03 1.07

fragments for the same compounds are the
following: 260, 270, 290 and 300 for aldrin,
123, 167, 224 and 332 for dichlofluanid, 162,
191, 208 and 252 for pendimethalin and 159,
163, 213 215, 248 and 250 for (162, 191, 208,
252), penconazole. If we compare the ions of
the compounds aldrin and dichlofluanid, the
m/z fragments of 123, 167 and 332 of dichlo-
fluanid are not produced by aldrin. Similarly
if we compare the compounds penconazole
and pendimethalin, the m/z fragments of
213, 215, 248 and 250 of the former are not
produced by the latter. Therefore, and ac-
cording to the principles of mass spectrom-
etry, even if these compounds are co-eluted
we can still identify and confirm which com-
pound is present.

There has been a high uncertainty in the
results of dichlorvos (RSD = 53.55% in to-
matoes and 27.05% in grapes) mostly at the
LFL, which most probably was due to some
losses of the analyte at the stage of evap-
oration, as dichlorvos has a very high va-
pour pressure. In order to estimate the rea-
sons of this uncertainty, we conducted the
following test: first, a standard solution of
dichlorvos at 0.84 mg/ml in 2,2,4-trimeth-
ylpentane/toluene (90/10) was prepared.
Then, a standard solution (A) of 60 ml ace-
tone, 60 ml of dichloromethane and 60 ml
of petroleum ether spiked with 1.6 ml of the
previous solution was prepared. An aliquot
of 25 ml of the solution (A) was transferred
into five 50 ml volumetric flasks and the so-
lution was evaporated to dryness on a wa-
ter stream bath at 65-70°C. Finally, 1 ml of
2,2,A-trimethyl pentane/toluene (90/10) was
added. The final solutions were transferred
into five vials with Teflon stoppers. In order
to evaluate the level of uncertainty during
the evaporation and injection stages, we

injected the five solutions five times in the
chromatographic system. Based on the re-
sults of this test, the uncertainty at the stage
of injection was significant (RSD = 12,9%)
but the uncertainty at the stage of evapo-
ration, as a result of dichlorvos high vapor
pressure, was about 5 times higher (RSD =
58%). Lehotay et al. (10) reported that di-
chlorvos may be lost during either the evap-
oration step or the sample processing step.
As our results showed, the loss of dichlorvos
was attributed to a large extent to the evap-
oration step.

The most polar analytes, acephate and
omethoate, gave low recovery values out
of the acceptable range (35.5% in tomatoes
and 50.8% in grapes for acephate and 46.2%
in tomatoes and 52% in grapes for ometh-
oate) but consistent (RSD <10%). Therefore,
these values are considered acceptable and
adjustment for recovery in the case of quan-
tification of these compounds is suggested
(3). Nevertheless, the method is still able to
serve as a semiquantitative method for the
detection and confirmation of the presence
of acephate and omethoate in samples.

In the case of metribuzin, the recovery
results at the ECD detector gave low recov-
eries (25-30%). In addition, the presence of
an unknown peak (R.T. = 11.1 min) for both
samples was observed. The area of the un-
known peak is significant smaller than that
of the peak that belongs to metribuzin (R.T.
= 10.2 min). After injection of a standard so-
lution of metribuzin in the mass spectrome-
ter, the ions of the unknown peak were the
same as that of metribuzin. Therefore, the
unknown peak may have been the result of
decomposition of metribuzin in its metab-
olites, mainly desamino-metribuzin. Figure
4(a) shows the chromatograph of metribuz-
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in in solvent isooctane - toluole (90:10) and
in tomato matrix. In tomato matrix, the pres-
ence of two peaks (RT.=13.7 and 14.9) is ob-
served; the peak with RT.=13.7 is that of
metribuzin and the peak at RT.=14.9 is es-
timated to be a metribuzin metabolite. As
shown in Figure 4(b), both peaks have the
same spectra. Therefore, all the steps of the
analytical procedure and the final determi-
nation should be conducted on the same
day to avoid conversion of metribuzin into
its metabolites in the extracts (8, 9). Some-
times, due to the unavailability of the instru-

(a)

ment or the large number of required injec-
tions, the recovery experiments may take
24-48 h to be completed and therefore, es-
pecially for metribuzin, we might have con-
version to its metabolites.

The molecular formula of metribuzin is
CH,,N,0S (MW.=214 for MS purposes) with
an estimated Kovats Rl of 1867 i.u., while the
molecular formula of desamino-metribuz-
in is C;H,,N, OS (M.W.=199) with an estimat-
ed Kovats Rl of 1779 i.u. (11) Therefore, in the
case of these metabolites, the expected re-

tention time (R.T.) should be earlier than the
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Figure 4. (a) Chromatograph of metribuzin at 0.1 mg/ml in solvent isoctane-toluole (90:10) and in tomato matrix. (b) Spec-
tra of metribuzin at 0.1 mg/ml in tomato matrix. The upper spectrum is that of an unknown compound and the lower that

of metribuzin.
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R.T. of metribuzin, as in our case. The Kovats
Rl of the other metabolite is much small-
er than the Kovats RI of metribuzin, which
makes metribuzin-diketo (M.W.=184) and
metribuzin-desamino-diketo (M.W.=169) as
smaller compounds to have earlier RT. At
the time of the study, no reference materi-
al was available in our laboratory to confirm
the presence of any metabolite. Therefore,
the identification of any degradation prod-
uct or metabolite was not possible and this
investigation was used to partly explain the
low recovery of the certain compound. The
spectra presented in Figure 4(b) are in full
scan mode and in accordance with the com-
mercial available library of Dr Ehrenstofer,
which is a special collection of pesticides
and pollutants.

In conclusion, the peak with RT.=13.17
min in the GCG-MS system, shown in Figure
4(b), may have been a metabolite, a degra-
dation product or a pollution of the system
or matrix. However, in the framework of the
present study, it was difficult to determine
its identity. Further studies dedicated to the
identification of this compound are required.

Conclusions

The method of analysis proposed by the pres-
ent study is fast, easy and effective. By using
44 representative analytes, the method ap-
plied for the determination of more that 180
pesticides by gas chromatography with elec-
tron capture (ECD) and nitrogen phosphorus
(NPD) detectors was validated. Neverthe-
less, several difficulties occurred with certain
problematic molecules (dichlorvos, metibuz-
in) or specific chemical subgroups (polar or-
ganophosphorus pesticides). In addition,
the matrix effect played an important role in
the sensitivity of the analytes. For example,
in the case of demeton-s-methyl, propicon-
azole and penconazole, the signal to noise
ratio was higher in tomatoes than in grapes.
Although the validation of the method by
choosing representative analytes is of low
cost, effective and easy technique for testing
if a method is suitable for the determination

of a wider range of pesticides, it is not ade-
quate. According to the European Commis-
sion (3), for checking the methods perfor-
mance for all the analytes in its scope, each
laboratory should have a rolling programme
to include all other analytes at least every 12
months, but preferably every 6 months.
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EmkUpwon pe068ov mpoadSlopiGHoU UMOAEIMHATWY
(PUTOTTPOC TATEUTIKWV TIPOIOVTWYV S1a(pOopwV XNHIKWV
KATNYOPLWV ME EMAOYN AVTITPOCWITEVTIKWY OUGIWV ME TN

XPron aéplag xpwpatoypagiag
N. BAaotdapag, E. Aaoevdkng, K.2. Atarrig, I.E. MnAddng kat X.I. Avayvwotdémoulog

Nepidnyn H evtatikr epappoyr XNUIKWOY UTOTPOCTATEVTIKWV TTPOIOVTWV Eival pia ouvhBng mpakTi-
K} 0TN CUMPATIKA YEWPYIQ, PE OTOXO TNV OMOTEAECUATIKOTEQN AVTIUETWTTION A0BEVEIWV Kal EXOpwV
TWV QUTWV. AKOPA Kal OTAV N EQAPHOYHA TWV XNUIKWY QUTOTIPOCTATEUTIKWY MTPOIOVTWY yivetal cUNQw-
Va e Toug Kavoveg Tng OpOri¢ Mewpyikng MpakTiKAg, ol 0uaieg auTéc eival mBavd va a@rioouv UTOAEI-
pata 0To TENIKO POToV. Q¢ K TOUTOU, N avaykn avamtuéng ypryopwy, EVKOAWV Kal alomotwy uefd-
Swv TPOooSIOPIoUOU YIa TNV AVIXVEUON UTTOAEIMHATWY GUTOTIPOOTATEUTIKWY TTPOIOVTWY £XEL KATAOTEL
emrtakTIkA. H ektipnon g a&lomoTiag piac uebodou mpayuatomoleital péow tne Sadikaciag Tng emi-
KUpwonc. H emkOpwon piag moAu-umoAelupatikig pebodou eivar pia Siadikacia n omoia amaitei apke-
10 Xpdvo Kal Xpnua, kabdoov amaitovvtal 5-6 emavaifpelg oe SUo TouhdytoTtov emimeda yia Kdbe ou-
ola Kat yla K&be umooTPWHA. ZTNV Mapolod PEAETN akolouBeital pia Sla@opeTIKA TPOGEyYIon, XPN-
OIMOTIOLWVTAG MLa TTIO EUKOAN Kall LIKPOTEPOU KOGTOUG Sladikaacia. ApxIKA yivetal EMAOYA avTImpoow-
TIEUTIKWV QVAAUTWV TNG KABE XNUIKAG KAaTnyopiag, ot omoiot KAAUTITOUV OA0 Twv 0POG TWV PUCIKOXNHIL-
KWV 1IS10TATWV (MOAIKOTNTA, SI0AUTOTNTA 0TO VEPD, TACN ATUWV) TOU GUVONOU TWV AVAAUTWV KAl TIPETTEL
o€ ap1Opo va KaAUTITOuV TOUAGXIoTOV TO 20% TwV avaAuTwV TG KABE Katnyopiag. & autoug CUUMEPL-
Aappdavovtal Kal ot avadTEG auToi Yia TOUG 0moiouG K TIATAL 0TI Ba €xouv TN XelpdTepn amddoon. Emi-
mAéoV, N EMKUPWON TIPAYHOTOTIOIEITAL OE €va UOVO UTIOCTPWHA armd KABE Katnyopia Tpo@ipwy. Ako-
AoubwvTtag autr TNV mMPoaéyyion emKupwinkav mavw amoé 180 avaAlTeg S1apdpwv XNUIKWY KATNYOo-
PV (0pyavopwao@oplikd, opyavoxAwplwpéva, TplaloAeg, Tpladiveg, otpopmAoupiveg, mupebpiveg, 6t-
vITpoaviAiveg Kat S1d@opol avarUTeC TTou mEPLEXOLV AlwTOo 0TO POPLO TOUG) EMAEYOVTAG LONIG 44 avTl-
TIPOOWTTEVTIKOUG AVAAUTEG, E TN XPHON A€PLAC XPWHATOYPAPIag 0 GUVOUACHO ME avixveuTr GUAAN-
Pn¢ nAekTpoViwvy Kal alwtou wopdpou. Ta UTOCTPWHATA TTOU XpNolomoriBnkav ATav TOpdTEG Kat
otag@UuAia, Vo Katnyopieg TpoYipwy n omoieg mapouatalouv uPnAn katavaiwon otnv EAAGSa.

Hellenic Plant Protection Journal 2: 57-69, 2010

© Benaki Phytopathological Institute



Hellenic Plant Protection Journal 3: 71-80, 2010

Validation of the QUEChERS method for the determination
of 25 priority pesticide residues in cereal-based baby foods
by gas chromatography with electron capture and nitrogen

phosphorous detection

C.J. Anagnostopoulos', P. Aplada Sarli', G.E. Miliadis' and C.A. Haroutounian?

Summary A multiresidue method for the simultaneous analysis of 25 pesticides and metabolites in-
cluded in Commission Directives 2006/141/EC and 2006/125/EC for baby food was validated in cereal-
based baby foods. The extraction procedure was based on the QUEChERS method and the determina-
tion was performed by gas chromatography combined with electron capture detector (ECD) and nitro-
gen phosphorus detector (NPD). The analytical performance was demonstrated by the analysis of ex-
tracts of spiked samples at two concentration levels, 3 and 30 pg/kg, for each analyte. Good sensitivi-
ty and selectivity of the method were obtained with limits of quantification at 3 pg/kg in all cases. All
pesticides and metabolites, with the exception of omethoate, gave recovery values ranging from 79.2
to 124.6% with relative standard deviations less than 28% at both spiking levels for most analytes.

Additional keywords: GC-NPD, GC-ECD, linearity, precision, trueness, validation

Introduction

In recent years, the safety of children’s and
infants diet has received special attention.
Because they are still growing and develop-
ing, their metabolism, as well as other phys-
iological and biochemical processes, dif-
fer from that of adults (11). However, as with
adults, diet can be a significant source of
exposure to pesticides. Trace quantities of
pesticides and their breakdown products
present on or in foodstuffs are termed as
“residues”. Residue levels reflect the amount
of pesticide applied to a crop, the time that
has elapsed since application, and the rate
of pesticide dissipation and evaporation
(11). To ensure the safety of foods specifical-
ly produced for infants (children under the
age of 12 months) and young children (be-
tween 1 and 3 years), the European Commis-
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sion (EC) has set rules for these categories of
food (6). Regarding pesticides, the EC spec-
ifles a maximum residue level (MRL) of 10
pg/ kg of pesticide residue in baby food and
has banned highly toxic pesticides (ADI <0.5
mg/kg body weight) in agricultural produce
intended for processed baby foods. The
MRLs for highly toxic pesticides set by the
EC are even more strict, ranging from 3 to
8 ug/kg (European Union Directive 91/321/
EC and subsequent revisions, 1999/50/EC,
European Union Directive 96/5/EC and sub-
sequent revisions, 1999/39/EC, European
Union Directives 2003/13/EC, 2003/14/EC,
2006/125/EC and 2006/141/EC).

Considering the low concentration levels
that must be detected for successful moni-
toring of pesticide residues in infant foods,
sensitive and reliable confirmation methods
are required.

Many different extraction methods, such
as supercritical fluid extraction (SFE) (8) and
acetone-based extraction (1, 17), have been
used for the extraction of pesticides in cere-
als and flour. Acetonitrile was also adopted
as extraction solvent with various applica-
tions in low water and fat content commod-
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ities (wheat, rice, oats, cereals, etc.). Schenck
et al. (14) used 65% acetonitrile in water as
extraction solvent. The extracts were salted
out with NaCl and MgSO, and cleaned-up
on a series of graphitized carbon black and
amino SPE cartridges before analysis of 33
pesticides in grain. Wang et al. (16) used ac-
etonitrile and hexane as extraction solvents
and clean-up with SPE cartridges for the de-
termination of 13 pesticides in soy-based in-
fant formula using LC-MS/MS. Lehotay et al.
(2, 9, 10) conducted a study to establish a
miniaturized acetonitrile-based extraction,
followed by a dispersive solid phase extrac-
tion clean-up step (QUEChERS). Walorczyk
(15) used the QUEChERS method for the de-
termination of 122 GC amenable pesticides
in cereals and animal feed. Paya et al. (12)
validated the QUEChERS method for 38 GC
amendable pesticides in wheat flour using
GC-MS/MS and 42 LC amendable pesticides
using LC-MS/MS.

In the last few years, modern analytical
techniques, such as GCG-MS/MS, LC-MS/MS,
LC-TOF/MS, are used for the detection of
pesticides in baby foods. These techniques
require expensive and sophisticated equip-
ment, increasing the initial purchase cost
to the laboratory as well as that of the an-
alytical processes themselves. In addition,
the number of accredited laboratories in
some EU-bordering countries is still low and
the legislation and organization of agricul-
tural plant production in these countries
have not reached yet the required level (13).
Therefore, the methods used for the analy-
sis of baby food samples or the relevant ag-
ricultural products need to be simple, fast,
low-cost, and sensitive. They also need to
be suitable for routine analysis in a variety
of laboratories and harmonized with the EU
legislation requirements concerning the val-
idation criteria, so as to ensure the quality
and comparability of analytical results (5).

The aim of this paper was to validate a
multiresidue analytical method suitable for
the simultaneous extraction and determina-
tion of 25 priority pesticides in cereal-based
baby food samples by using gas chromatog-
raphy with two different detectors, an elec-

tron capture and a nitrogen phosphorus de-
tector.

Materials and Methods

Reagents and chemicals

In this work, the following 25 priority
pesticides and metabolites, obtained from
Dr Ehrenstorfer Laboratories (GmbH Ger-
many) and included in the European Union
Directives 2006/125/EC and 2006/141/ EC
were studied (4): aldrin, cadusafos, deme-
ton-s-methyl, demeton-s-methyl sulfone,
demeton-s-methyl sulfoxide, dieldrin, dime-
thoate, disulfoton, disulfoton-sulfone, disul-
foton-sulfoxide, ethoprophos, fensulfothion,
fensulfothion sulfone, fensulfothion-oxon,
fensulfothion-oxon-sulfone, terbufos, ter-
bufos-sulfone, terbufos-sulfoxide, fipronil,
fipronil-desulfinyl, heptachlor, heptachlo-
repoxid (trans), hexachlorobenzene, nitro-
fen, omethoate. LC-MS grade acetonitrile,
2,2,4-trimethyl pentane and toluene pesti-
cide residue analysis grade were used. Mag-
nesium sulphate anhydrous, disodium hy-
drogencitrate sequihydrate were obtained
from Fluka (Buchs, Switzerland). Sodium
chloride (ACS reagent grade >99.0%) and
trisodium citrate dihydrate were obtained
from Sigma-Aldrich (Madrid, Spain). PSA
(Primary Secondary Amine) sorbent Bonde-
sil-PSA 40pm was obtained from Varian.

Stock and working standard solutions

Stock standard solutions at 1000 mg/I
were prepared in acetone for each pesti-
cide and stored at -20°C. Standard mixture
solutions of the compounds were prepared
in 2,2,4-trimethylpentane/toluene (90/10) at
intermediate concentrations (1-10 mg/l) and
stored at -20°C. In order to acquire the reten-
tion time of each analyte, working solutions
containing only one analyte at 0.5 mg/I
were prepared and injected to the chro-
matographic system.

Working standard mixture solutions for
calibration were prepared in wheat flour ex-
tract, previously analysed for the absence of
compounds interfering with the analytes.
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According to Document SANCO/3131/2007
of the European Commission, the potential
for matrix effects should be assessed dur-
ing the validation of the method (5). The ef-
fect can be due to different reasons e.g. the
presence of a blank, due to solvent and/or
reagents or the presence of a compound in
the sample that contributes to the analyti-
cal signal (7). Matrix-induced enhancement
is a phenomenon commonly found in gas
chromatographic analysis of pesticides in
food (5) and has been noticed in the anal-
ysis of these compounds by either GCG-ECD
(11) or GC-NPD (5). For this purpose, matrix-
matched standard solutions (including ma-
trix blanks) were used. An aliquot of 2ml of
control sample extracts were evaporated to
dryness by a stream of N,. After evaporation
1 ml of a standard solution at the desired
concentration prepared in 2,2,4-trimethyl-
pentane/toluene (90/10) was added. The fi-
nal solution was reconstructed in an ultra-
sonic bath for 30 sec.

Preparation of fortified samples

Control samples were prepared from
organically produced cereal-based in-
fant food. Aliquots of 5 g portion of cere-
al-based infant food sample were fortified
at two levels. The lowest fortification lev-
el was 3 pg/kg and the second fortification
level was 10 times higher (30 pg/kg). For
validating the method according to SANCO
2007/3131, a minimum of five replicates is re-
quired. Therefore, five replicates were used
for each level.

Sample preparation

For the extraction of the pesticides, the
protocol of QUEChERS method concerning
commodities with high fat content was fol-
lowed (2, 3). According to this method,a5g
portion of the cereal-based infant food was
weighted in a 50 ml PTFE centrifuge tube,
and 10 ml of water were added. The water
should be at low temperature (< 4°C) to com-
pensate for the heat development caused
by the addition of the salts that follows. A
short vibration using a Vortex mixer (K-550-
GE, Scientific industries inc. Bohemia, USA)

© Benaki Phytopathological Institute

helped to disperse solvent and pesticides
well through the sample. For the extraction
of the pesticides, 10 ml of acetonitrile were
added and the tube was vigorously shak-
en for Tmin. A mixture of 1 g of NaCl, 4 g of
MgSO,, 1 g of trisodium citrate dehydrate
and 1 g of disodium hydrogencitrate sesqui-
hydrate were added and the tube was vigor-
ously shaken for 1 or more minutes to pre-
vent coagulation of MgSO,. The sample was
then centrifuged (4000 rpm) for 5 min. An al-
iquot of 8 ml of the supernatant (acetonitrile
phase) was then taken and transferred into a
15 ml centrifuge tube and stored for at least
2 hiin the freezer. Freezing-out helps to part-
ly remove some additional co-extractives
with limited solubility in acetonitrile, while
the major part of fat and waxes solidify and
precipitate. An aliquot of 6 ml of the still
cold acetonitrile phase was transferred into
a 15 ml centrifuge tube containing 250 mg
of PSA and 750 mg of MgSO, and the tube
was shaken vigorously for 30 sec and cen-
trifuged for 5 min at 4000 rpm. An aliquot
of 5 ml of the cleaned-up extract was trans-
ferred into a screw cup storage vial, taking
care to avoid sorbent particles of being car-
ried over. The extract was slightly acidified
by adding 50 ul of a 5% formic acid solution
in acetonitrile. An aliquot of 2 ml of the ex-
tract was obtained, evaporated near dry-
ness and reconstituted in 1 ml of 2,2,4-tri-
methylpentane/toluene (90/10). The final
extract was sonicated in an ultrasonic bath
for 30 sec and transferred into autosampler
vials with a Teflon stopper.

Gas-chromatographic analysis

Determination was performed by the
use of an Agilent 6890 gas chromatograph,
with two splitless injectors, a DB-5-MS col-
umn (30 m, 0.32 mm i.d. and 0.25 pm film
thickness) connected to the ECD and a DB-
17 MS column (30 m, 0.3 mm i.d. and 0.25
pm film thickness) connected to the NPD
and equipped with a Chemstation chro-
matography manager data acquisition and
processing software. For confirmation pur-
poses the two columns were swapped be-
tween the two detectors.
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The oven temperature programme start-
ed from 60°C for 1.5 min, increased to 220°C
at a rate of 14°C/min, held for 4 min then in-
creased to 280°C at 20°C/min and held for
20 min. The helium carrier gas flow rate was
1.5 ml/min for both columns. Injectors’ tem-
perature was set at 230°C and splitless in-
jection was carried out with the purge valve
closed for 1 min. Hydrogen (3 ml/min) and
air (60 ml/min) were used as fuel gases for
the NPD. Temperature was set at 310°C for
both detectors.

Results and discussion
The method was found to be effective for

extraction of the tested compounds. The
method was validated by assessing the ba-

sic parameters, sensitivity, mean recovery
(as a measure of trueness) and repeatability
(as a measure of precision). These parame-
ters were evaluated for both detectors.

The confirmation of the analytes was
conducted, as mentioned earlier, only by
the retention time of the analyte using two
columns of different polarity and two differ-
ent detectors. The retention times acquired
for each analyte using a combination of two
different columns and two different detec-
tors are shown in Table 1. Because the de-
tectors used (ECD and NPD) offer a degree of
selectivity, the use of two columns in combi-
nation with these detectors was necessary
to achieve sufficient confirmation. As shown
in Table 1, confirmation was achieved suc-
cessfully for all analytes. For organochloride
pesticides, confirmation was achieved using

Table 1. Pesticides studied, retention times of the analytes with DB-5-MS and DB-17-MS col-
umns and sensitivity to ECD and NPD detectors.

Analytes DB-5- MS DB-17-MS ECD sensitivity NPD sensitivity
aldrin 12.0 14.0 + -
cadusafos 7.6 8.6 + +
demeton-s-methyl 71 8.9 - +
demeton-s-methyl sulfone 1.1 19.2 - +
demeton-s-methyl sulfoxide 7.0 4.5 - +
dieldrin 16.9 22.0 + -
dimethoate 8.2 12.3 + +
disulfoton 9.2 1.3 + +
disulfoton-sulfone 15.7 241 + +
disulfoton-sulfoxide 5.1 5.5 + +
ethoprophos 6.9 8.3 + +
fensulfothion 19.3 29.4 + +
fensulfothion sulfone 20.5 30.7 + +
fensulfothion-oxon 174 279 + +
fensulfothion-oxon-sulfone 18.4 29.2 + +
fipronil 14.6 16.2 + +
fipronil-desulfinyl 10.9 1.8 + +
heptachlor 10.8 12.5 + -
heptachlor epoxid (trans) 13.9 17.4 + -
hexachlorobenzene 8.1 9.2 + -
nitrofen 18.3 25.6 + +
omethoate 6.7 9.7 - +
terbufos 8.7 10.1 + +
terbufos-sulfone 14.0 20.3 + +
terbufos-sulfoxide 8.6 10.0 - +
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two different separation systems (two dif-
ferent columns) because they are not sensi-
tive to the NPD. For pesticides like cadusa-
fos, disulfoton, terbufos and others that
are sensitive to both detectors, confirma-
tion was achieved by two different columns.
Figure 1 shows a spiked cereal-based baby
food sample with fensulfothion and fensul-
fothion sulfone at 3 pg/l in various columns
and detectors.

Linearity

Calibration curves were constructed
from data acquired after injecting of ma-
trix-matched calibration standards in con-
trol matrix of cereal-based baby foods in
2,2,4-trimethylpentane/toluene (90/10) of
the 25 pesticides at eight concentration lev-
els, i.e. 3, 6, 8, 10, 15, 20, 30 and 40 pg/Il. In
Table 2, the basic calibration line parameters
for the analytes are presented. Linearity pa-
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rameter values were found acceptable for
most pesticides, with coefficients of deter-
mination (r?) higher than 0.98 in most cases.
However, some pesticides, such as ometh-
oate and terbufos sulfoxide, did not exhib-
it good linear behaviour, due to the fact that
they are polar compounds so they achieved
low sensitivity and poor chromatography at
the under study concentration range. Due
to the variability in the peak area resulting
from the use of the calibration curve, the ap-
propriate value C (mg/kg) was estimated by
the following equation:
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Figure 1. Chromatogram of spiked cereal-based baby food sample with fensulfothion and fensulfothion sulfone at 3 pg/kg
analyzed by (A) column DB-5MS, detector ECD, (B) column DB-17MS, detector ECD, (C) column DB-5MS, detector NPD, (D)

column DB-17MS, detector NPCD.
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nis the number of the data points in the cal-
ibration, (y - y) is the residual for the i*" point
and b is the slope of the regression line. The
contribution of the uncertainty of the cali-
bration curve to the total uncertainty of
the method was calculated at the middle
(C=15 pg/l) of the calibration curve for each
compound and was estimated to be 3.8 -
23.5%.

Trueness, precision

The trueness was estimated by calculat-
ing the attained recovery from fortification
experiments. For validating a method, mean
recoveries of 70-120% with a repeatability
RSD < 20% are considered acceptable, while
in routine analysis, the acceptable recover-
ies are in the range of the mean recovery +2
relative standard deviations (SDr) %, which
usually fall within the range 60-140% (4).
The mean recoveries were determined from
spiked flour samples, at two concentration
levels with five replicates for each level.

The recoveries were calculated using
matrix-matched calibration standards. As
shown in Table 3, mean recoveries of the
samples fortified at the lowest fortification
level (3 pg/kg) were between 79.2 - 124.6%
with SDr less than 17.2% with some excep-
tions, as shown in Table 3 and at the second
fortification level (30 pg/kg) between 68.2
- 118.1% with SDr less than 23.9%. These re-
sults indicate generally good method accu-
racy and precision.

Dimethoate, fensulfothion sulfone, fen-
sulfothion-oxon-sulfone and terbufos-sul-
fone are sensitive to both detectors and the
qualification can be achieved by both ECD
and NPD at the lowest fortification level.
However, the mean recoveries are accepta-
ble only by one of the detectors. Therefore,
we can use both detectors for confirmation,
but for quantification of the analyte we can
use only the detector that provides good ac-
curacy. For example, fensulfothion sulfone
can be confirmed with a DB-5-MS column
combined with an ECD and a NPD detec-
tor, or a DB-17 MS column combined with an
ECD and a NPD detector, or a DB-5-MS col-
umn and a DB-17 MS column each of them

combined with an ECD, or a DB-5-MS col-
umn and a DB-17 MS column each of them
combined with a NPD, or a DB-5-MS column
combined with an ECD and a DB-17 MS col-
umn combined with a NPD, or a DB-5-MS
column combined with a NPD and a DB-17
MS column combined with an ECD. Howev-
er, the quantification of fensulfothion sul-
fone must be done with a NPD detector. The
experiments for recovery of the analytes
fensulfothion-oxon and terdufos sulfoxide
failed at the lowest fortification level and for
omethoate failed at both levels.

Limit of Quantification (LOQ)

The limit of quantification (LOQ) was es-
tablished as the lowest concentration tested
for which recovery and precision were sat-
isfactory (70-110% and <20% RSD, respec-
tively) in accordance with the criteria es-
tablished for analysis of pesticide residues
in foods (4). Therefore, in most cases the
method'’s limit of quantification (LOQ) was
the lowest fortification level, i.e. 3 pg/kg.

Conclusions

In the present study, 25 target pesticides
and metabolites, selected according to the
European Union Directives 2006/141 and
2006/125, were studied in cereal-based baby
foods. The extraction procedure was based
on the QUEChERS method and the deter-
mination was performed with GC-ECD and
NPD. The validation results presented good
accuracy with recoveries of 79.2 - 124.6%,
precision with RSD of 3.4 - 28% and limits of
quantification meeting the EU legislation re-
quirements for the maximum residue lim-
its. Concerning the reporting of the results,
from the data of the EU proficiency tests, a
default expanded uncertainty figure of 50%
(corresponding to a 95% confidence level
and a coverage factor of 2), in general cov-
ers the inter-laboratory variability between
the laboratories for residue analysis (5).

The disadvantage of the method was
that fensulfothion-oxon and terdufos sul-
foxide failed to be determined at the 3 ug/
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Table 3. Average recovery values and relative standard deviation for the compounts as de-
rived from the fortification experiments in both detection systems.

Detector: ECD Detector: NPD
Lower Higher Lower Higher
fortification fortification fortification fortification
level level level level
(3 ng/kg) (30 ug/kg) (3 ng/ka) (30 ug/kg)
Analyte
Py Py 2 ey
2w i W iR W iR W
& & & &
aldrin 97.1 15.2 95.5 9.3 - - - -
cadusafos 113.6 3.4 101.9 6.5 108.6 6.8 101.3 10.4
demeton-S-methyl - - - - 79.2 3.5 97.6 239
demeton-S-methyl sulfone - - - - 108.3 28.0 89.3 5.4
demeton-S-methyl sulfoxide - - - - 106.8 17.2 85.6 7.6
dieldrin 94.8 10.0 112.4 6.8 - - - -
dimethoate 124.6 1.5 103.2 6.3 - - - -
disulfoton 102.5 747 68.2 171 104.6 1.3 87.2 12.6
disulfoton-sulfone 1104 7.2 89.6 3.7 95.2 16.0 80.4 1n.4
disulfoton-sulfoxide 98.9 12.2 111.5 49 100.3 7.83 106.4 4.7
ethoprophos 97.6 6.45 80.7 13.9 91.1 8.8 93.3 12.2
fensulfothion 95.6 7.55 97.6 3.7 118.2 13.6 86.8 13.0
fensulfothion sulfone - - - - 95.8 10.1 78.3 7.6
fensulfothion-oxon - - 112.8 8.7 - - 76.2 9.7
fensulfothion-oxon-sulfone 96.4 1.7 118.1 4.6 - - - -
fipronil 934 7.59 113.5 14 - - - -
fipronil-desulfinyl 118.8 10.7 87.0 33 - - - -
heptachlor 103.5 14.3 100.4 9.6 - - - -
heptachlor epoxid (trans) 106.8 10.9 108.3 7.2 - - - -
hexachlorobenzene 104.2 16.1 87.0 10.7 - - - -
nitrofen 111.0 6.9 99.6 15.4 - - - -
omethoate - - - - - - - -
terbufos 97.4 7.52 99.9 10.4 88.2 5.7 107.6 13.72
terbufos-sulfone 110.9 13.7 113.7 9.3 - - - -
terbufos-sulfoxide - - - - - - 90.0 1.3

kg level and omethoate failed at both test-
ed levels. Therefore, a different technique
should be used for the determination of
these analytes. However, by using only a
GC with an ECD and a NPD detector and
two different columns for the confirmation
and quantification of the analytes, instead
of more expensive instruments (LC-MS-MS),
reduces the cost of the analysis and makes
it suitable to be used by a variety of labo-
ratories. Therefore, the method is suitable

for small routine laboratories of the private
or public sector where the cost of analysis is
very important. Although the limits are set
for the final product, monitoring of raw ma-
terials used in the production chain of cere-
al-based baby foods is also crucial, not only
for the public authorities responsible for the
monitoring of pesticide residues in food-
stuffs, but also for the food industry which
checks pesticide residues in their supplies.
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EmkUpwon tng pe0o6dov QUEChERS yia tov mpoadiopiopo
25 (pUTOTTPOCTATEUTIKWY OUCLWYV OE MMAISIKEG TPOPEG UE TNV
TEXVIKN TNG aéplag xpwparoypapiag

X.I. AvayvwoTtémoulog, M. Amhadd-Zaphn, IE. MnAddng kat Z.A. Xapoutouviav

NepiAnyn Mia ypriyopn mOAUVOTIONEIUUATIKY HéBOSOG yia TOV TPOGSIOPIoHS 25 GUTOTIPOCTATEUTIKWY
OUCLWV Kal HETABOMTWY TOUC O€ TIAUSIKES TPOPEC EMKUPWONKE. H eKXUAION TWV OUGIWV TTPAYUATOTIOL-
RBnke pe tn péBodo QUECHERS (ekxUAIon pe akeToviTpiMo). O OIOTIKOG KAl TTOCOTIKOG TPOGSI0PIoUOG
TWV OUCIWV TIPAYMATOTTOIBNKE LE TNV TEXVIKA TNG 0EPLAG XPWHATOYPAPIaG O€ GUVOUAOUO LUE AVIXVED-
T¢¢ OUNNYNC NAekTpoViwv Kat alwtou/ewo@opou. Amd Ta OToIxEIR EMKUPWONG TTPOKUTITEL OTL N [é-
Bodo¢ mapouaoialet amodekTr 0pBOTNTA e TOCOOTA AVAKTNONG 79.2 — 124.6% KABWE KAl MOTOTNTA LE
OXETIKEG TUTTIKEC ATTOKAIOELG UIKPOTEPEC Ao 28% Yla OAEC TIC OUTIEC EKTOG ammd To omethoate. To 6plo
noootikomoinong tng ueBddou eivai 3 ug/kg. H pébodog xapaktnpietar and alomotia kat euatodn-
oia kat kpivetal KaTaAANAN yia avaAloELS pOoUTIVACG UTTOAEIUATWY QUTOTIPOCTATEVUTIKWY TTPOIOVTWY OF
MASIKEC TPOPEC BACIOUEVEG 0TA SNUNTPLAKA.

Hellenic Plant Protection Journal 3: 71-80, 2010
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