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REVIEW ARTICLE

Evaluating the risks of occupational pesticide exposure

C.R. Glass' and K. Machera?

Summary In the European Union (EU), the estimation and/or measurement of the operator expo-
sure levels to a plant protection product (PPP) during its mixing/loading and application to the crops
(outdoors or indoors) is a key issue in the registration process in accordance with Directive 91/414/EEC.
The predictive models currently applied for regulatory purposes within the EU (UK POEM, German and
Dutch models) have been based on data generated in Northern Europe, not reflecting the Southern
European conditions. Several data, including outdoor and indoor trials in Greece, where hand-held ap-
plication techniques were used, have been generated recently in order to address this issue. The most
important route of exposure to PPPs is dermal, while the contribution of inhalation exposure is low-
er. The selection of the method to measure the operator exposure in each study is a decisive step and
many factors should be taken into account. On the other hand, there are a great number of factors to
consider when using predictive operator exposure models in the risk assessment of a PPP. In any case,
the operator is considered to be safe only if the specific application scenario examined each time leads
to a systemic exposure level lower than the systemic Acceptable Operator Exposure Levels (AOEL) as

defined from the toxicological evaluation of each active substance.

Additional keywords: operator exposure, pesticide safety, dermal, inhalation

Introduction

Plant Protection Products (PPPs) have be-
come a key part of many crop protection
programmes, allowing intensive produc-
tion techniques for a wide range of crops.
However, as a consequence, there are tasks
involved with PPP use that can result in ex-
posure of the user (operator) to the ac-
tive ingredient(s) of the PPPs and potential
risk for human health. The legislative basis
for the regulation of PPPs in the European
Union (EU) is the Directive 91/414/EEC, con-
cerning the placing of PPPs on the market.
This involves a harmonised approach to the
official evaluation of PPPs and data require-
ments for applicants seeking to supply the
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market with PPPs. The authorization of PPPs
(i.e. pesticides) in the EU Member States (MS)
is essentially a two stage process. At present,
one MS acts as a Rapporteur on behalf of the
Commission (EC) and prepares the Draft As-
sessment Report (DAR) for each active sub-
stance of PPPs. In the DAR, the risk assess-
ment for the substance is provided which
includes hazard identification, setting of ref-
erence values, exposure assessment, and
risk characterisation. The DAR is then con-
sidered by the Pesticide Risk Assessment
Peer Review (PRAPeR) Unit of the European
Food Safety Authority (EFSA). A comprehen-
sive summary of the Risk Assessment is pro-
duced by EFSA and sent to the Commission,
where the final decision is made. Active sub-
stances that are demonstrated not to pres-
ent an unacceptable level of risk for human
health and the environment are then includ-
ed in Annex | to Directive 91/414/EEC.

The second stage of the process involves
and it is carried out at MS (granting the au-
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thorization of the product) which has the re-
sponsibility of carrying out risk assessments
for the examined PPPs which contain Annex
| listed active substances. With the informa-
tion from the hazard assessment for the ac-
tive substance(s), as concluded during the
Annex | inclusion, the regulatory authori-
ty for each individual MS decides wheth-
er the PPP can be used safely under nation-
al conditions. With decisions now made on
a European basis for the selection of active
substances for inclusion in the Annex |, it is
important that data and information used
in the initial risk assessment (such as expo-
sure models) are valid for all MS, and not just
for those that have generated the most in-
formation.

There are various tasks involved which
result in occupational exposure to pesti-
cides, but the greatest exposures are often
associated with the operator, during both
the handling of the concentrated pesticide
when mixing and loading, and the appli-
cation of the diluted pesticide in the field.
Studies to measure operator exposure have
been carried out since the 1960’s using a
range of methodologies to determine po-
tential dermal and inhalation exposure.
More recent studies have measured dermal
exposure and the absorbed dose, and data
is now available from a wide range of stud-
ies using different application techniques.
The estimation or measurement of operator
exposure is a key element of occupational
health and a requirement of the risk assess-
ment in pesticide registration (van Hemmen
and Brouwer, 1997), which is carried out ac-
cording to the directive 91/414/EEC.

Three predictive models are used for
regulatory purposes within the EU: the UK
model (Martin, 1990); the German model
(Lundehn et al., 1992) and the Dutch mod-
el (van Hemmen, 1992). These models con-
tain experimental data obtained from par-
ticular use scenarios and were incorporated
into the European Predictive Operator Ex-
posure Model (EUROPOEM) Expert Group
under concerted Action AIR3-CT93-1370.
The EUROPOEM is a database for reference
rather than an actual tool for regulators, and

tends to be used in conjunction with exist-
ing models developed in the UK and Germa-
ny. Data have been added since EUROPOEM
was set up, with field assessments carried
out, especially in southern Europe (Machera
et al., 2001; Glass et al., 2002) as part of the
project SMT4-CT96-2048. In North Ameri-
ca, a Pesticides Handlers Exposure Database
(PHED) provides generic mixer/loader/appli-
cator exposure data (Krieger, 1995). Work is
being done to combine PHED and EUROPO-
EM datasets in a new North American mod-
el, the Applicator and Handlers Exposure
Database (AHED).

The modelling of operator exposure still
relies on a number of assumptions related
to the personal protective equipment (PPE)
worn by operators, the protection factor of-
fered by coveralls for example. The degree
of dermal absorption of the compound is a
substantial information for reliable human
risk assessment. This information is usually
derived from in vivo animal data and in vit-
ro human and animal skin data. When there
are no available data for a substance, default
values of dermal absorption are used.

The methods used to measure operator
exposure, and the subsequent use of these
data together with toxicology data in risk as-
sessments are discussed.

Routes of operator exposure

The most important route for exposure
to pesticides is dermal for the majority of
application techniques. The other routes
are inhalation, particularly with fogging and
misting application techniques, and by acci-
dental ingestion (oral), for example by eat-
ing or smoking while working, or not wash-
ing adequately after work.

Potential dermal exposure is the total
amount of pesticide landing on the body,
including amounts landing on clothing. The
mass of pesticide available on the skin for
absorption into the body is the actual der-
mal exposure, which is the amount depos-
ited directly on the skin plus any that pene-
trates clothing.

Inhalation exposure, generally contrib-
utes much less to the absorbed dose than

© Benaki Phytopathological Institute
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the dermal exposure. The concentration of
the pesticide in the airinhaled by the opera-
tor is used as the basis for estimating opera-
tor exposure by the inhalation route. Partic-
ulates of up to 100 um within the breathing
zone of the operator may enter the nose or
mouth. However, only particles of diameter
<10 um range are likely to reach the lungs,
known as the inhalable fraction. The larg-
er particles will be deposited on the sur-
face and hairs of the nasal cavity, and subse-
quently swallowed in many cases.

Methodology to determine levels of
operator exposure

Dermal Exposure

Early methods of measuring potential
dermal exposure involved the use of absor-
bent cotton pads attached to different parts
of the body (Durham and Wolfe, 1962). The
amount of pesticide collected on each pad
was used to extrapolate to various parts of
the body. The method can also be used to
estimate dermal exposure, by placing the
patches inside the workers PPE. Although
this method is relatively easy to use in prac-
tice, attaching 100 cm? pads to the outside
of workers normal PPE, it has been criticised
for providing inaccurate values for poten-
tial dermal exposure (Machera et al. 1998).
Therefore in modern studies it has been
superseded by the whole body dosimetry
method, which uses a coverall as the dermal
sampler, so avoiding the need for extrapola-
tion. Care needs to be taken with this meth-
od, as pesticide deposit can either pene-
trate or be shed by the dosimeter, leading
to underestimates of exposure. Therefore a
useful variation of the whole body dosime-
ter method uses typical work clothing, such
as cotton coveralls, as the sampling media
(Chester, 1993). This technique allows poten-
tial dermal exposure to be estimated by der-
mal dosimetry in addition to allowing bio-
logical monitoring.

Dosimeters can be worn to measure po-
tential dermal exposure, or as internal gar-
ments to measure dermal exposure. In both
cases care needs to be taken in the use of
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the data, as pesticide can penetrate through
to the skin, so not retained by the internal
dosimeter, or included in the dermal expo-
sure measurement.

Measuring the pesticide deposits on
hands or the potential dermal exposure of
the hands is complicated. The hands are of-
ten the part of the body most exposed to
pesticides. The use of absorbent gloves (cot-
ton) worn outside any other protection can
give information about the potential hand
exposure. However absorbent gloves will re-
tain more liquid than the hand itself. Absor-
bent gloves worn inside protective gloves
give an indication of dermal exposure, but
this is only relevant for that particular sce-
nario and the type of glove worn. Outer
protective gloves worn more than once of-
ten contain internal pesticide deposit, car-
ried into the inner glove during removal
and donning by the operator, or by pene-
tration through the material. To overcome
this, hand rinse sampling has been used for
monitoring dermal hand exposure. Prior to
the study the hands need to be washed in
the solvent to remove any background con-
taminants present. Data for the recovery of
the pesticide for the handwash technique
is not really available for such studies, and
for this reason the technique has been crit-
icised as underestimating dermal exposure
of the hands.

Inhalation exposure

The inhalation exposure is carried out
using personal air samplers, which sample
the air in the breathing zone of the opera-
tor using a pump and appropriate filter to
allow the airborne concentration to be de-
termined. The breathing rate of the opera-
tor will vary depending on the type of task
being done, generally considered to be 1.7-
3.5 mé¥/h.

Biomonitoring

The amount of pesticide which has been
absorbed by the body is the ultimate mea-
sure of operator exposure, however lack of
pharmacokinetic data makes interpretation
difficult, together with human variability
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and other confounding factors on rates of
metabolism. Urine samples, taken over a pe-
riod of at least 24 hours, tend to be used for
biomonitoring studies.

Examples of data for operator exposure

The hand held application technique
is generally considered to represent the
worst-case scenario for applicator exposure,
due to the proximity of the nozzle to the
operator. In the EU-funded project SMT4-
CT96-2048, data for hand held application
techniques were generated in a number of
southern European countries (see Figure 1).
These studies provided data for the devel-
oping EUROPOEM database, which till then
had few datasets for hand held applications,
and those available concerned outdoor ap-
plication in northern Europe.

In considering operator exposure to pes-
ticides, studies should be done to allow ex-
posure during the tasks of mixing/loading
to be determined separately from the ex-
posure during the application. The handling
of the concentrated pesticide during mix-
ing and loading generally results in greater
levels of exposure than the application pro-
cess. However this depends on the type of
containers or transfer mechanism used for
mixing and loading, as the size of the con-
tainer and the number of containers to be
handled is critical and varies greatly. In case
large greenhouses are to be treated, the
mixing and loading procedure of pesticides
is often done by workers not involved with
the application itself.

The data presented in Figure 1, concern-
ing a hand held, upward application tech-
nique, show potential dermal exposure as
ml/hour separately for the hands and the
body. The potential dermal exposure of
the hands was measured by placing cot-
ton gloves on the volunteer operators, so it
is a measure of the pesticide landing on the
hands, and not necessarily what would be
retained by hands or impermeable gloves.

These data are consistent with published
data for potential dermal exposure for the
hand held, upward application technique.
The majority of the data for potential dermal
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Figure 1. Data for potential dermal exposure of hands and
body (ml/hour).

exposure excluding hands are between 60
and 120 ml/hour. The data are variable, with
coefficient of variation of 122% for the hands
and 139% for the rest of the body. Data in
the German model (Lundehn et al., 1992) for
an equivalent application technique have a
coefficient of variation of 149%.

Several studies have been carried out
in Greece concerning indoor and outdoor
hand held application of pesticides yield-
ing data for potential dermal exposure ex-
pressed in ml spray solution/hour (Machera
et al., 2001; Machera et al., 2002; Machera et
al., 2003). Recent studies have provided the
exposure levels in mg/kg a.i as expressed in
the German Model. Two of them involved
outdoor application in olives and vines in-
dicating a potential dermal exposure be-
tween 61-317 mg/kg a.i. with the respective
value calculated by the German model be-
ing 189 mg/kg a.i. The other two of them in-
volved greenhouse trials, hand held applica-
tion techniques with either spray guns or 4
nozzle lances fed by hoses at 25 bar pump-
ing pressure. In the first greenhouse study
with 11 operators using spray guns and two
types of protective coveralls the potential
dermal exposure ranged from 8.4 to 664.1
mg/kg a.i. applied, with a mean of 179.3 and
a coefficient of variation of 112%. The low-
est value was obtained with an application
where the operator walked backwards away
from the spray cloud. In the same study the
data indicate that the potential dermal ex-
posure measured (mg/kg a.i., 50% percen-
tile) was 5-6 times the value estimated by
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the German Model (Machera et al., 2009).
Data from the second greenhouse study
conducted with a handheld lance indicate
that potential dermal exposure measured
(75% percentile) was 12-13 times the value
estimated using the German Model (Mach-
era & Tsakirakis, pers. comm.).

Interpretation of data

Use of predictive models

Within the EU most regulators use the UK
POEM or the German model. The UK model
is based mainly on local unpublished stud-
ies conducted mainly by industry and the
Government laboratories such as the Central
Science Laboratory. The predicted exposure
is expressed in mass or volume of the formu-
lation or the spray liquid per unit time (mg/h
or ml/h). Surrogate exposure levels are cho-
sen to be the 75th percentile values. An esti-
mated value for potential dermal and inha-
lation exposure is given based on the input
parameters, from which actual dermal ex-
posure is estimated, to give a final figure for
the systemically absorbed dose based on
default values for clothing penetration/per-
meation and dermal absorption. This value
is compared to the systemic Acceptable Op-
erator Exposure Level (AOEL) value for a par-
ticular compound.

In the UK model exposure during mixing
and loading is assumed to be confined to
the hands with respiratory exposure not tak-
en into account. The dermal exposure esti-
mation is based on the number of pesticide
containers or packs (operations) which the
worker has to deal with during one working
day. The estimation of operator exposure is
therefore based on the amount of active in-
gredient handled during mixing and load-
ing together with the exposure during the
application itself which is time rather than
mass dependant. The concentration of the
spray liquid but not the treated area is in-
cluded for the calculation of the exposure
during application.

The German model is based on the
amount of the pesticide handled during

© Benaki Phytopathological Institute

one working day, and exposure level is ex-
pressed as units of mass per amount of a.i.
handled (mg/kg a.i). The potential expo-
sure is calculated, including potential re-
spiratory exposure, for both mixing and
loading and application. Again the actual
exposure is calculated as the mass of pes-
ticide on the workers skin area after pene-
tration through clothing. The actual dermal
and inhalation exposure is then compared
with the AOEL value.

There is also a Dutch model which is a
literature-based model using international-
ly published studies. The units for exposure
values are similar to the UK model (ml/h or
mg/h), but the dermal exposure during mix-
ing and loading is not limited to the hands.
The potential exposure is calculated as for
other models; however the estimation of
the actual exposure is left to expert judge-
ment, and is often close to the potential ex-
posure (Kangas and Sihvonen 1996).

In the Dutch model, the estimation of the
operator exposure for outdoor applications
is based on the working time, the concen-
tration of the formulation and the concen-
tration of the spray liquid. This is supported
by an additional model for mixing and load-
ing based on field studies carried out in the
Netherlands. The exposure is dependent
on the amount of pesticide handled and is
expressed in mass units per amount of ac-
tive ingredient handled (mg/kg a.i.) as in the
German model.

A number of assumptions are made,
which often differ, in the different models,
such as the wearing of clothing, both the
workers own clothing and PPE, and the pen-
etration and permeation of PPE which is
worn. The rates of uptake from the skin also
vary as do the statistical parameters on sur-
rogate values used such as the geometric
mean used in the German model, the 75th
percentile in the UK POEM and the 90th per-
centile in the Dutch model.

The rate of coverall contamination is
one of the factors that determine the pro-
tective factor of the PPE worn during pesti-
cide application, representing the challenge
to the PPE. In an ideal scenario, the rate of
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PPE contamination would be a factor to be
taken into account when selecting appro-
priate PPE to be worn for a particular pes-
ticide application task. Therefore, imperme-
able coveralls (e.g. CE marked Type 3 or Type
4 garments) should be worn for certain tasks
involving hand held application techniques.
However, in reality the climatic conditions in
Southern Europe make the wearing of such
PPE difficult. Therefore the types of cover-
alls worn by pesticide applicators tends to
be constructed of permeable material such
as cotton or cotton/polyester mixtures.

Working patterns in different regions of EU

In using models or evaluating data from
operator exposure studies the working pat-
terns typical for the region where the pes-
ticide is to be used need to be considered.
For mechanised applications such as tractor
mounted or trailed boom sprayers the oper-
ator can be expected to work longer hours
than a manual application, and treat much
larger areas. Table 1 shows the default val-
ues of the three models.

As the common acceptance directive is
developed, there is likely to be greater ten-
dency for pesticides to be approved for use
over more than one country, which provides
another uncertainty factor into the risk as-
sessment. For example, in the studies pub-
lished by Glass et al. (2002), the working pat-
terns in southern Spain were very different
from those in Greece or Portugal, in terms
of the length of the working day, types of
application equipment used and the pro-
tective clothing worn.

Derivation of the AOEL and Risk Assess

ment
The AOEL is “the maximum amount of
the active substance to which the operator

may be exposed without any adverse health
effects”, as defined in Annex VI to Directive
91/414/EEC. In this definition, “operators”
are represented by mixer/loaders, applica-
tors and re-entry workers, but the term may
be extended to include non-occupational
exposed groups (bystanders). The AOEL is
based on the highest level at which No Ad-
verse Effect (NOAEL) is observed in tests of
the most sensitive relevant animal species.
To translate the NOAEL values into an AOEL,
assessment factors accounting for uncer-
tainties in extrapolation from toxicity data
to the exposed human population are ap-
plied. Often, the AOEL values relate to the
internal (absorbed) dose available for sys-
temic distribution from any route of absorp-
tion and expressed as internal levels (mg/kg
body weight/day) (AOEL systemic). Thus, de-
pending on the route specific NOAEL (oral,
dermal, inhalation), the degree of oral/der-
mal/inhalation absorption should be con-
sidered in the correction of the AOEL and
the estimation of AOEL systemic.

Following the setting of the systemic
AOEL, a comparison to the estimated dose
of exposure is performed. The systemic dose
of exposure is the sum of the exposure from
the dermal route, corrected for the degree
of dermal absorption and the exposure from
the inhalation route considering 100% ab-
sorption of the inhaled amount. The exam-
ined PPP is considered to be safe for the op-
erator for the specific application scenario,
when the systemic dose of exposure is low-
er than the systemic AOEL.

Discussion

There is a number of factors to consider
when using predictive operator exposure

Table 1. Standard daily work rates for agriculture used for the models (Kangas & Sihvonen

1996).

Application method UK Dutch German
Tractor, downward application 50 ha 10 ha 20 ha
Tractor, upward application 30 ha 6 ha 8 ha
Hand-held equipment 1 ha (or 400 L spray dilution) 1 ha 1 ha

© Benaki Phytopathological Institute
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models. Extrapolations often have to be
made using data from the most suitable or
similar scenario for crop or application tech-
nique. In selecting an indicative value for po-
tential dermal exposure the variability of the
data in the database supporting the model
needs to be considered. The UK model uses
the 75th percentile values, whereas the Ger-
man model uses the geometric mean val-
ues. Having determined the potential op-
erator exposure, a number of assumptions
are then made with respect to transfer fac-
tors of the pesticide from the outside of PPE
to the skin of the operator and the rate of
subsequent dermal absorption of the active
substance estimated to have reached the
skin of the operator.

Performance of protective clothing

The protection factor offered by vari-
ous types of PPE tends to be related to the
performance of new garments in standard
laboratory tests such as EN 463 and EN 468.
These two tests are for whole garments of
chemical protective clothing and those
passing the test are CE marked as Type 3 (EN
463) or Type 4 (EN 468) garments. Type 4
garments offer more protection than Type 3
garments. Recently Type 6 garments (prEN
13034) became available, which offer limit-
ed protection against penetration by lig-
uid contamination. However in many cases,
such as with the orchards or greenhous-
es of southern Europe, working conditions
for pesticide operators are such that spe-
cific chemical protective clothing is rare-
ly used. Where protective clothing is worn
it tends to be workwear such as polyester
cotton coveralls, for which there are no test
methods to determine penetration by aque-
ous liquids. Field and laboratory tests car-
ried out within the framework of the proj-
ect SMT4-CT96-2048 have shown that the
rate of coverall contamination is a key fac-
tor in determining the protection factor of-
fered by various types of coveralls (Moreira
etal., 1999).

Another factor which should be further
evaluated is the age or condition of PPE. Dis-
posable coveralls have a limited life, and the

© Benaki Phytopathological Institute

coating on the material begins to be dam-
aged and removed by contact with the crop
for example, or simply through the move-
ment of the applicator creasing the materi-
al. Washable coveralls such as the polyester
coveralls become more absorbent and less
repellent after repeated washings, as the
coating of the material is removed.

Rates of dermal absorption

Most models assume that 10% of the ac-
tive substance which reaches the skin is ab-
sorbed into the body. In practice the pro-
portion of the active substance which is
absorbed by the body is influenced by many
factors. These range from factors such as the
physicochemical properties of the active
substance (partition coefficient in octanol/
water and molecular weight), concentration
of the active substance on the skin and the
area of skin exposed, to the relative humid-
ity and temperature of the air. In order to
improve model estimates of exposure, com-
pound specific data are required for dermal
absorption for likely ambient conditions in
which the product would be used. The type
of formulation can affect the rate of der-
mal absorption, such as the presence of li-
pophilic organic solvents such as xylene in
emulsifiable concentrate formulations. The
size of the molecule of the active substance
also affects the rate of dermal absorption.

Biomarkers of exposure and effect

Biomonitoring studies to measure pesti-
cides and metabolites in urine samples give
an indication of the exposure levels and the
absorbed dose, assuming pharmacokinet-
ic data are available. Biomarkers of expo-
sure can also measure the interactions be-
tween a pesticide and target molecules or
cells, including detection of biologically ef-
fective doses (Lowry et al., 1995; Decaprio et
al., 1997; Lopez et al., 2007).

Biomarkers of effect can identify alter-
ations of an organism that could indicate a
potential for health impairment or disease.
Therefore biomarkers can be used to de-
tect the early effects of pesticides before
adverse clinical health effects occur. Tech-
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niques that measure DNA damage with e.g.
the COMET assay provide a powerful tool for
measuring effects of exposure, although not
specific, being a response to oxidative stress
(Bhalli et al., 2006; Muniz et al., 2008). Studies
on the cytogenetic effects of pesticide ex-
posure report increases in the frequency of
chromosomal aberrations and/or sister chro-
matid exchanges (Ergene et al., 2007). Bio-
markers of effect have been developed for
detecting early stage effects of neurotox-
ic pesticides picking up delayed neuropa-
thy and neurobehavioural effects of chronic
pesticide exposure (Salvi et al., 2003; Batter-
shill et al., 2004).

Genetic variation with the human pop-
ulation makes it difficult to be certain about
the dose-response relationship. There has
been a great deal of interest in the role of
P450 enzyme gene polymorphisms, and the
role played by metabolic pathways of tox-
ic compounds such as pesticides (Buratti et
al., 2007; Wang et al., 2008). Ultimately bio-
markers of effect could be used to predict
and therefore possibly prevent detrimental
health effects and disease associated with
pesticide exposure.
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APOPO ENIZKOMNHZHZ

A&l10AGynoNn TNG EMKIVOUVOTNTAG KATA TNV EMAYYEAMATIKNA
€KOeON 0 PUTOMTPOCTATEVUTIKA TPOIGVTA

C.R. Glass kat K. Mayaipa

NepiAnyn Ztnv Eupwnaikn Evwon (E.E.), 0 UTOAOYIGHOC /KAL N TIEPAMATIKY HETPNON TWV EMITESWY
€KOEONC TWV PEKAOTWY OE QUTOTIPOOTATEUTIKA TTPOIOVTA ((.11.) KT TNV avauién - opTwon Tou
PYekaoTikoU SIOAUPATOC Kal KATd TNV EQappoyr Toug oTIC KAANIEpYELeS (BeppoknTiou 1 umaiBpleq) sival
€va amo Ta Kupla onueia TNg aflohdynong Toug cUPewva pe Tnv Odnyia 91/414/EOK. Ta umoAoyIoTIKA
povtéla mou epappolovtal katd tov éAeyxo Twv @.mm. otnv E.E. (UK-POEM, Teppavikd kat OMavdikd
povTéNO) €xouv BaotoTel o€ oTolxEia oL €xouv TapayOei oe xwpeg TG Bopelag Eupwnng Kat dev
€ival TAVTOTE aVTIMTPOCWTTEVTIKA TWV OUVONKWV Twv voTiwv Eupwmdikwv Xwpwv. Mpokelyévou va
QVTIHETWTIOTEL TO B€pa, €vag LeyANog aplBRoOC EIPAUATWY €XEl TPOOPATA TIPAyHaTomolndsl otnv
EANGSa pe TeXVIKEC TTOU TTEPIAAUPBAVOUV XEIPOKIVNTA HECA EQAPUOYWV @.T1. OE UTIAIBPLEC Kal OE UM
KAAUYN kaANiépyelec. H onpavTikotepn 060¢ €kBeong o€ @.m. eival amd §¢pUatog, evw n cuveloQopd
NG ékBeong amd avamvong givat xapnAotepn. H emioyn tng pebodoloyiag mou Ba epappooTei yia
Tov TPoodloplopd Twv emmédwv €kBeonC Twv PeKAoTWV gival éva Kaiplo Pripa Kat TOANG oTolxeia TnG
epappoync Ba mpémet va An@Bouv undyn. AKOun, KAtd TNV QAPOYN TWV UTIOAOYIOTIKWY LOVTEAWV
Yla TNV €KTiuNon emkivduvatnTag Katd Tn Xprion evog @.m. évag Heyahog aplBpog mapapétpwy Oa
nipémnel va An@Osi umoYn. Ze OAEC TIC TIEPUTTWOELS KAl YIa OAOUG TOUC TPOTIOUC EKTIUNONG TWV EMMESWV
€kOeoNC, 0 PEKAOTAC TV @.1. Bewpeital 0Tt gival aoPANAC KATA TNV EQAPHOYH EVOC Q.M. HdVoV OTav
TO OUYKEKPIUEVO oevaplo epappoyng mou efetaletal kABe @opd odnyeil oe emimeda oCUOTNUATIKAG
ékBeong xapnAotepa and ta Amodektd Emimeda Zuotnuatiknig EkBeong twv Yekaotwy, 6mw¢ autd
€xouv kaBoploTei amd Tov To&IKkoAOyYIKO EAeyx0 TN KABE SpaoTiKAG ouaiag.
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SHORT COMMUNICATION

Comparison of two methods for the determination of soil
nitrate nitrogen in the field

Y.E. Troyanos', E. Roukounaki' and G. Gomoli?

Summary A “test strip” method (Merck quant®) was compared against the standard (hydrazine nitrate
reduction) method for measuring soil nitrate nitrogen (NO, - N) concentrations in soil samples from
processing tomato fields in the area of llia. The agreement between the “test strip” and standard meth-
od was tested by using regression analysis and a simple “graphical” method. The regression analysis
showed that the “test strip” method overestimated the mean soil NO, - N concentrations (INO, - N]) by
approximately 12% compared to the standard method. However, analysis of the results according to
a more precise “graphical” method revealed that the maximum differences that could be expected to
occur when the “test strip” method is used in the field are 10 ppm above or 6 ppm [NO, - N] below the
standard method. This discrepancy is acceptable for “on-farm” measurements of soil N and the “test

strip” method could be used with adequate confidence to evaluate the soil [NO, - N] in fields.

Efficient nitrogen fertilization management
is essential to achieve optimum yields. A
technique available to manage in-season N
inputs efficiently, in terms of economic and
environmental concerns, can be accom-
plished by monitoring the in-season NO,
- N status of the soil. The “quick test” Mer-
ck quant® method described by Hartz et al.
(4) is currently used in California as an “on
farm” procedure to manage the nitrogen
fertilization of vegetables. Soil samples from
processing tomato fields in the area of llia
(Peloponnissos) were collected in order to
compare the “quick test” method with an es-
tablished method (e.g. hydrazine sulfate re-
duction method) for [NO, - N] determina-
tion.

It is well known that comparisons of dif-
ferent analytical methods could be carried

' Laboratory of Non Parasitic Diseases, Department of
Phytopathology, Benaki Phytopathological Institute,
8 St. Delta str., GR-145 61 Kifissia (Athens), Greece.

2 Kyknos S.A., 72 km Patra - Pyrgos, Savalia, GR-272 00
Amaliada, Greece

Corresponding author: Y.Troyanos@bpi.gr

Abbreviations: NO, - N; nitrate nitrogen, [NO," - NJ; ni-
trate nitrogen concentration
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out using correlation or regression analysis.
However, the correlation coefficient (r) mea-
sures the strength of the relation, not the
agreement between the methods where-
as, regression analysis has drawbacks since
both the dependent (“test strip” method)
and the independent (standard method)
variables are measured with error. To over-
come these problems, a simple “graphical”
method has been suggested by Altman and
Bland (1). In this study both the regression
analysis and the simple “graphical” method
were used to compare the two methods.
Soil cores were taken randomly between
the drippers from 0-20 and 20-40 cm depth
from processing tomatoes fields. The cores
were bulked in a composite sample from
each soil depth that contained approxi-
mately 10 soil cores per hectare. The com-
posite samples were placed in a refrigerator
until NO," - N analysis. A total of 67 compos-
ite soil samples were sent to the laborato-
ry for analyses. According to the standard
method (hydrazine reduction method) (2),
2 sub-samples (25 g each) were taken from
each composite sample, whereas one sub-
sample was taken for the “test strip” meth-
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od (4).

[NO, - N] measurements were carried
out with the standard method after extract-
ing each sub-sample with 250 ml de-ion-
ized water for 0.5 hour. The extracts were fil-
tered using a 125 mm filter paper which had
been rinsed with 25 ml of de-ionized water.
After filtration, 0.75 ml of a solution contain-
ing 1 M NaOH and 0.12 M Na,PO,.12H,0 was
added per 25 ml of extract to remove the Ca
and Mg ions (5). Afterwards, a volume of 2
ml extract was taken from the clear super-
natant and used for colorimetric determina-
tion of [NO,-N] (5). If the results of the anal-
yses of the two sub-samples differed more
than 10%, a new sub-sample was taken and
analyzed for a third time and the means of
the three measurements were used. Mea-
surements with the “test strip” method were
carried out according to Hartz et al. after ex-
tracting the soil with 0.01 M CaCl, (4).

Regression analysis was performed be-
tween the [NO,-N] determined by the “test
strip” and the standard method (Figure 1).
The analysis showed that a linear curve was
significant (P<0.001) with a high coefficient
of determination (R?>=0.85, n=67). The slope
of the line was estimated to be 0.953, it was
different from zero (P<0.001) and had a stan-
dard error (SE) of 0.053. The estimated con-
stant was 2.408, it was different from zero
(P<0.001) and had a SE 0.919 (P=0.011). Based
on this analysis, the mean [NO,-N] measured
by the standard method was 14.22 ppm and
the mean [NO,-N] measured by the “test
strip” method was 15.96 ppm showing an

y=0952Tx +2 4079
R = 08452, n=&7

o 8L a0 L} 0 1] B0

[MOy - N] {ppm) standard method

[NO5- Nl (ppm) “test strip” method

Figure 1. Regression analysis between the “test strip” and
the standard method and the line of agreement (y=x) be-
tween the methods.

overestimation of approximately 12.23 % by
the “test strip” method. From Figure 1 it is
evident that the constant of the regression
equation causes the regression line to be
different from the line (y=x) which describes
the agreement between the two methods.

To evaluate the differences between
the two methods the procedure of Bland
and Altman (3) was used. According to this
method the plot of the differences between
the [NO,-N] determined with the two meth-
ods against their means are indicative of
their discrepancies. The mean of the differ-
ences (x) (“test strip” - standard method)
was 1.74 ppm and the standard deviation
(SD) of the differences was 3.99 (Figure 2).
Therefore, 95% of the differences between
the methods are expected to lie between
+1.96 SD. From Figure 2 it is evident that the
upper limit of the differences between the
methods could be 9.56 ppm and the low
limit 6.08 ppm. Therefore, the maximum dif-
ferences that could be expected to occur
when the “test-strip” method is used in the
field are 10 ppm above or 6 ppm [NO,-N]
below the standrd method. A 10 ppm over-
estimation corresponds to approximately 30
kg of N per ha (0-30 cm soil depth) which is
acceptable and therefore, the “quick test”
method could be used reliably to monitor
the “in-season” soil N status of drip irrigated
processing tomatoes.

g
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Figure 2. [N03' - N] (ppm) differences between the methods
vs. average values of the methods for each composite soil sam-
ple. (x = mean of the differences and SD = standard devia-
tion).
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2YNTOMH ANAKOINQXH

ZUyKkption dVo peBOSWV MPOadloPIGHOU TOV £6APIKOU VITPIKOU
alwTtov

IE. Tpwytdvocg, E. Poukouvdkn kat I. lkopoAn

NepiAnyn  Zta mAaiola piog UENETNC TPOGSIOPIOUOU TWY CUYKEVTPWOEWV TOU VITPIKOU al®Tou o0&
€6apn Tou vopoL HAeiag pehetBnke n akpifela piag nuI-mocoTIkA¢ peBodou mpoadioplopol Toug Ye
XPWUOTOUETPIKEG TaWvieg TUTOU Merck quant® og oUykplon pe pia mpdtumn péBodo (avaywyn VITpIKWY
pe Beukn vdpadlivn). H ovykpion twv Vo peBOSWY TPAYUATOMOINBNKE HE TNV XPNON YPAMMIKAG
maMvépopunong Kai pe pia amhi ypa@ikn pébBodo. Ta amoteléopata TNG avdluong YPOMMIKAG
malvépounong 6ei§av 4t n uEB0SOC TWV XPWHATOUETPIKWY TAVIWVY UTIEPEKTIUAEL KATA U€GO PO 12%
TN OUYKEVTPWON TOU VITPIKOU alWTOU O€ GUYKPLON e TNV mpdTurn pébodo. Ta amoteAéopata piag mo
aKpIBoUC “ypa@Ikng” uebddou £dei€av 4TI n uEBOSOC TWV TAVIWV gival MOAVO va UTEPEKTIUAOEL WG 10
ppPM 1 va UTTOEKTIUAOEL £WG 6 ppM TN CUYKEVTPWON TOU VITPIKOU alWTOU G CUYKPLON LE TNV TPATUTIN
uéBodo. Ta amoteAéopata TnG oUykplong Twv Suo peBddwv édeiéav oti n uébodoc Twv Taviwv Mer-
ck quant® umopei va xpnotpomolnBei apkeTd aglémoTa yia Tov mpoodlopiopd TwWV VITPIKWY GE aypouc.
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Method validation for the determination of pesticide residues
in wheat flour by gas chromatography

C.J. Anagnostopoulos' and G.E. Miliadis'

Summary A rapid multi-residue method for the simultaneous determination of residues of 28 multi-
class representative pesticides is presented. The 28 pesticides were included in the 2007 Proficiency
Test for cereals, organized by the European Commission Reference Laboratories on Cereals and Feed-
ingstuff and Single Residue Methods. The extraction was based on acetone - dichloromethane - pe-
troleum ether and the analysis was performed by gas chromatography (GC) with ECD and NPD de-
tectors. The procedure was applied to the screening, confirmation and quantification of the 28 pesti-
cides. The recoveries obtained from the validation data were from 66 to 120% with relative standard
deviation (RSD) <10% and the attained limits of quantification were between 0.01 and 0.75 mg/kg. The

method is characterized by good accuracy, precision and sensitivity.

Additional keywords: cereals, GC-ECD, GC-NPD, multi-residue, proficiency test

Introduction

The requirements related to sampling and
analysis are set out in Article 11 and Annex
Il of Regulation 882/2004. Sampling and
methods of analysis used for official control
purposes should, wherever possible, be rec-
ognised by international organisations and
be validated in accordance with Community
legislation or with internationally accepted
protocols. Article 32 of Regulation 882/2004
establishes the Community Reference Labo-
ratories (CRLs) for food and feed. According
to this article the CRLs are responsible for
organization of Proficiency Tests. The objec-
tive of a proficiency test is to obtain informa-
tion about the quality, accuracy and compa-
rability of the pesticide residue data sent to
the European Commission within the frame-
work of the EU and national pesticide moni-
toring programs.

Many analytical methods have been
studied for the simultaneous determination
of multi-pesticide residues. In 1975 Luke (9,

' Laboratory of Pesticide Residues, Department of
Pesticides Control and Phytopharmacy, Benaki Phy-
topathological Institute, 8 St. Delta str., GR-145 61 Ki-
fissia (Athens), Greece.
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11) proposed the extraction of pesticides
from agricultural products with acetone,
and liquid-liquid partitioning cleanup for
determination of several pesticides by gas
(GC) and liquid (LC) chromatography.

The objective of this study was to devel-
op and validate a simple and rapid method
for the determination of the pesticides used
in the 2007 Proficiency Test C1-SRM2 orga-
nized by the CRL laboratory for cereals (Na-
tional Food Institute, Department of Food
Chemistry, Danish Technical University) on
behalf of the European Commission. The
sample of the test was wheat flour and the
extraction was based on the Dutch Ministry
of Public Health, Welfare and Sport (12) ace-
tone - dichloromethane - petroleum ether
multiresidue method extraction procedure.
Determination was performed by GC-NPD/
ECD and validation levels encompassing the
minimum required performance levels (MR-
PLs) were achieved.

Materials and Methods

1. Chemicals and solvents
The following pesticide analytical stan-
dards (obtained from Dr Ehrenstorfer Labo-
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ratories GmbH Germany) were used in this
study: bifenthrin, carbaryl, chlorpyriphos,
chlorpyriphos methyl, cyhalothrin-A, delta-
methrin, diazinon, endosulfan-a, endosul-
fan-b, fenpropimorph, imazalil, iprodione,
kresoxyl-methyl, lindane, malathion, meth-
acrifos, parathion, penconazole, pirimicarb,
pirimiphos methyl, procloraz, procymidone,
propiconazole, thiabendazole, triadimefon,
triadimenol, triazophos and vinclozolin.

Acetone, 2,2,4-trimethyl pentane and
toluene were used for the preparation of
stock and working standard solutions. Ace-
tone, dichloromethane and petroleum ether
were used in the extraction procedure. All
solvents were pesticide residues grade, ob-
tained from Lab Scan (Ireland).

2. Stock and working solutions

Stock standard solutions at 1000 mg L'
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-trimethyl pentane/toluene (90/10)
at intermediate concentrations (1-10 mgL")
and stored at -20°C. In order to acquire the
retention time of each analyte, working so-
lutions containing only one analyte at 0.5
mgL' were prepared and injected in the
chromatographic system.

Working standard mixture solutions for
measurement were prepared in an extract of
wheat flour, previously analyzed for the ab-
sence of compounds interfering with the an-
alytes. In the quantification of an unknown
sample one of the most serious problems is
the presence of unexpected interferences in
the matrix (6). The effect can be due to differ-
ent reasons e.g. the presence of a blank due
to solvent and/or reagents, or the presence
of a compound in the sample that contrib-
utes to the analytical signal (8). The detection
and correction of errors caused by matrix in-
terferences have been extensively studied for
a long time (2, 13). Matrix-induced enhance-
ment is a phenomenon commonly found in
the chromatographic analysis of pesticides in
food (3) that has been noticed in the analy-
sis of these contaminants by GC-ECD (7) and
GC-NPD (4). For this purpose matrix matched

standards (including matrix blanks) were
used.

The concentrations of the working solu-
tions were at 70 and 100% of the fortifica-
tion concentrations and quantification was
performed by bracketing. According to this
technique the peak area of the analyte in the
sample solution was bracketed between the
peak areas of two standard solutions, not
differing between them more than 20% (5).

3. Sample preparation

The sample processing according to the
applied method was the following (5, 12): An
aliquot of 10 + 0.1 g of sample was weight-
ed into a 250 mL PTFE centrifuge bottle (Nal-
gene, Rochester, NY), 10 mL of water and
30 mL of acetone were added and stirred
for 1 min in an ultra-turrax homogenizer at
15.000 rpm, 30 mL of dichloromethane and
30 mL of petroleum ether were added and
the mixture was stirred for 1 min and then
centrifuged at 4.000 rpm for 2 min. Then, 25
mL of the supernatant liquid were evapo-
rated to dryness on a water bath at 65-70°
Cand 1 mL of 2,2,4-trimethyl pentane/tolu-
ene (90/10) was added. Another 15 mL of the
supernatant liquid were evaporated to dry-
ness on a water bath at 65-70°C and 3 mL
of 2,2,4-trimethyl pentane/toluene (90/10)
were added. The two extracts were placed
in ultrasonic bath for 30 sec and each was
transferred into a separate vial with a Teflon
stopper, ready respectively for NPD and ECD
chromatographic analysis. Simultaneous in-
jections were performed in the injectors
with the aid of 2 separate autosamplers.

4, Criteria for validation of the method

The accuracy was estimated by calcu-
lating the attained recovery. For validating
a method, mean recoveries of 70-120% are
considered acceptable, while in the case
of routine analysis, the acceptable recove-
ries are in the range of the mean recovery
+ 2XRSD (5).

The precision of the method was evalu-
ated by assessing the relative standard devi-
ation (RSD) values under repeatability con-
ditions (same analyst, same instrument,
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same day). Repeatability with RSD< 20% is
considered acceptable (5).

The sensitivity of the method was as-
sessed by the limit of quantification of the
method (LOQ, ). The LOQ,_ was established
as the lowest concentration tested for which
recovery and precision were satisfactory
(70-120% and <20% RSD, respectively) in
accordance with the criteria established for
analysis of pesticide residues in foods (5).

The limit of quantification of the an-
alytical instrument (LOQ) was calculated
based on the requirement that the signal-
to-noise ratio should be higher than 10.

5. Preparation of fortified samples

Control samples were prepared from or-
ganically produced wheat flour. Aliquots of
10 g of wheat flour were fortified at two lev-
els, the LOQ_ and the 10xLOQ_ which are
shown in Table 2. Working standard mixture
solutions for fortification were prepared in
2,2,4-trimethyl pentane/toluene (90/10) at
100xLOQ, . The blank samples were spiked
with 0.1 mL of the 100xLOQ, working stan-
dard mixture for the LOQ_ and 1 mL of the
100xLOQ, working standard mixture for the
10xLOQ,  fortification level.

For validating the method a minimum
of 5 replicates is required according to SAN-
CO 2007/3131 (5). In this study 6 replicates in
each level were performed.

6. Gas-chromatographic analysis

The studied analytes were separat-
ed and determined in an Agilent 6890 gas
chromatograph, 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, 0.32 mm
i.d.and 0.25 um film thickness) connected to
the NPD and equipped with a Chemstation
chromatography manager data acquisition
and processing software. The oven temper-
ature program started from 60°C for 1.5 min
increased to 220°C at a rate 14° C/min, held
for 4 min, then increased to 280°C at 20°C
/min and held for 20 min. The helium car-
rier gas flow rate was 1.5 mL/min for both
columns. The temperature of both injectors
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was set at 230°C and splitless injection 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 helium (6
mL/min) were used as auxiliary gases for the
ECD. The temperature of both ECD and NPD
detectors was set at 310°C.

7. Confirmation

The confirmation of the analytes was
conducted, as mentioned earlier, from the
retention time of the analyte by using two
different columns and two different detec-
tors. The retention times acquired for each
analyte by using a combination of two dif-
ferent columns and two different detectors
are shown in Table 1. Most pesticides are
sensitive to both detectors. For pesticides
which are determined by only one detector,
such as bifenthrin, endosulfan etc. confirma-
tion is achieved using two different separa-
tion systems (2 different columns).

Results and Discussion

Acetone, dichloromethane and petroleum
ether showed good performance for extrac-
tion of the tested analytes. The method was
evaluated by assessing the basic parameters,
accuracy, precision and sensitivity. The chro-
matograms of the compounds are shown in
Figures 1 and 2. Furthermore the absence
of any interference from matrix compounds
was confirmed by the analysis of matrix
matched blank samples which gave (recov-
ery) values lower than 30% of the residue
level corresponding to the LOQ_ (5).

Mean recoveries of the samples fortified
at the LOQ, were between 66.5 - 120% and
atthe 10xLOQ, between 86.4 - 120%. These
results indicate satisfactory accuracy of the
method.

The attained LOQ, values are shown in
Table 1 along with the MRLs. The lowest
calculated LOQ, value was 0.004 mg /kg for
the analytes lindane and chlorpyriphos and
the highest 0.37 mg/kg for the analyte thi-
abendazole.
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Table 1. Retention times (R.T.), E.U. maximum residue level (MRL), minimum required perfor-
mance level (MRPL) of the organizer and limit of quantification of the instrument (LOQ) of

the 28 pesticides.
Pesticides RT. (min) E.U. MRL MRPL LOQ,
DB-5MS DB-17MS (mg/kg) (mg/kg) (mg/kg)

Bifenthrin 26.7 0.5 0.05 0.03
Carbaryl 16.6 0.5 0.05 0.1
Chlorpyriphos 124 15.7 0.05 0.05 0.002
Chlorpyriphos methyl 10.5 13.9 0.05 0.05 0.003
Cyhalothrin-A 30.4-31.4 33.8-34.1 0.02 0.02 0.004
Deltamethrin 37.1-37.4 1 0.05 0.003
Diazinon 9 10.5 0.02 0.02 0.006
Endosulfan-a 15.5 0.05 0.05 0.004
Endosulfan- 18.7 0.05 0.05 0.004
Fenpropimorph 12.26 0.5 0.05 0.003
Imazalil 16.6 22.5 0.02 0.02 0.10
Iprodione 19.4-25.4 33.2 0.5 0.05 0.02
Kresoxim-methyl 18.2 26.2 0.05 0.05 0.025
Lindane 8.6 0.01 0.01 0.002
Malathion 1.9 16.2 8 0.05 0.03
Methacrifos 6.045 6.8 0.05 0.05 0.02
Parathion 12.4 16.4 0.05 0.05 0.006
Penconazole 13.9 18.3 0.05 0.05 0.006
Pirimicarb 1.6 13.6 0.05 0.05 0.05
Pirimiphos methyl 11.6 14.9 5 0.05 0.03
Procloraz 36.8 33.8 0.5 0.05 0.12
Procymidone 14.7 19.4 0.02 0.02 0.02
Propiconazole 22-22.4 29.2-29.5 0.05 0.05 0.07
Thiabendazole 23.6 0.05 0.05 0.37
Triadimefon 12.5 15.6 0.2 0.02 0.005
Triadimenol 14.4-14.7 18.4-19 0.2 0.05 0.03
Triazophos 324 0.2 0.1 0.02
Vinclozolin 10.4 12.7 0.05 0.1 0.006

The attained LOQ_ values are shown in
Table 2. The lowest calculated LOQ, value
was 0.01 mg/kg for the analyte endosulfan
and the highest 0.75 mg/kg for the analyte
carbaryl.

As shown in Table 2, relative standard
deviation values (RSD) at the LOQ,_ level
were 1.5 - 8.9% and at the 10xLOQ, level 0.7
- 8.1%. These results indicate satisfactory
precision of the method.

In the 2007 Proficiency Test for cereals,
organized by the European Commission Ref-
erence Laboratories on Cereals and Feeding-
stuff and Single Residue Methods, the above

described method was applied in our labo-
ratory and the following results were ob-
tained: From the 28 pesticides that were val-
idated deltamethrin, diazinon, pirimiphos
methyl and propiconazole were detected in
the sample of the proficiency test. All 4 com-
pounds were determined with acceptable
z score values, ranging between -0.2 and
1.2, verifying the acceptable accuracy of the
method.

In conclusion in this study, 28 active in-
gredients of plant protection products of
various physicochemical characteristics and
chemical classes used for the control of pests

© Benaki Phytopathological Institute
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Figure 1. Chromatogram in 6 time segments (A to F) of 22 of the 28 analytes in wheat flour at fortification level equal to the
limit of quantification (LOQ, ). Injection splitless column DB-5MS, detector ECD.
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Table 2. Average recovery values and relative standard deviation for the 28 pesticides as de-
rived from the fortification experiments (LOQ,_ = Limit of Quantification of the method).

LoQ,, 10xLOQ
Analyte Detector (n=6) (n=6)
C Recovery RSD C Recovery RSD
(mg/Kg) (%) (%) (mg/Kg) (%) (%)
Bifenthrin ECD 0.045 100.1 6.4 0.45 101.9 3.8
Carbaryl NPD 0.75 99.2 2.5 75 91.4 24
Chlorpyriphos ECD 0.015 104.9 3.7 0.15 102.4 2.1
Chlorpyriphos methyl NPD 0.075 103.7 3.4 0.75 86.4 2.6
Cyhalothrin-A ECD 0.03 90.4 49 0.3 116 2.6
Deltamethrin ECD 0.075 96.9 44 0.75 119.9 2.5
Diazinon ECD 0.03 94.7 2.6 0.3 118.3 0.7
Endosulfan-a ECD 0.0075 92.9 8.9 0.075 106.8 2.0
Endosulfan-b ECD 0.0075 66.5 6.8 0.075 107.3 1.9
Fenpropimorph NPD 0.5 83.2 2.8 5 104.4 1.8
Imazalil NPD 0.15 119.9 1.5 1.5 112.8 8.1
Iprodione ECD 0.03 91.0 6.0 0.3 107.9 2.5
Kresoxim-methyl ECD 0.075 100.5 47 0.75 102.0 2.8
Lindane ECD 0.015 99.5 5.8 0.15 100.9 75
Malathion NPD 0.375 103.9 5.8 3.75 106.1 7.5
Methacrifos NPD 0.05 89.3 5.2 0.5 96.5 6.2
Parathion ECD 0.03 95.4 4.6 0.3 119.1 17
Penconazole ECD 0.03 98.2 5.1 0.3 100.1 1.5
Pirimicarb NPD 0.15 100.8 2.8 1.5 88.5 2.1
Pirimiphos methyl NPD 0.15 106.3 4.0 15 106.9 7.5
Procloraz NPD 0.5 101.1 4.5 5 119.5 2.6
Procymidone ECD 0.075 110.3 2.2 0.75 101.0 1.6
Propiconazole NPD 0.075 100.8 4.1 0.75 1141 0.8
Thiabendazole NPD 0.75 1124 3.7 7.5 88.2 2.7
Triadimefon ECD 0.075 83.6 8.5 0.75 106.5 1.3
Triadimenol ECD 0.075 100.9 5.0 0.75 119.8 1.9
Triazophos NPD 0.15 113.3 4.3 1.5 114.3 4.4
Vinclozolin ECD 0.075 104.3 3 0.75 100 1.7

and diseases in cereals and included in the
European Commission Proficiency test 2007
for cereals were studied. The extraction pro-
cedure was based on liquid extraction with
acetone followed by dichloromethane and
petroleum ether. Water was added in the
sample before the extraction for better per-
formance. The method is simple, fast and
suitable for routine analysis and with the
same extraction method fruits, vegetables
and cereals are analyzed. The validation of
the method resulted in good accuracy with
recoveries of 66.5 — 120% and precision with

RSD of 0.7 - 8.9% and sensitivity meeting in
most cases the EU legislation requirements
for the detection limits. Prompted by the
satisfactory performance of the method, we
aim at further testing it for the determina-
tion of more active compounds of the same
chemical classes.
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EmkOpwon pebo6dov mpocdiopiopov UMTOAEIMHATWY
(PUTOTIPOCTATEVUTIKWYV TIPOIOVTWYV GE AAEVPL GITOU HE TNV

TEXVIKN TNG aéplag xpwparoypapiag
X.I. AvayvwoTtémoulog Kait [LE. MnAtadng

NepiAnyn  Mia ypriyopn moAU-umoAelupaTiKy uéBodog avantixBnke kal emKupWONKe og alevpl oi-
TOU, yla Tov TTPO0SIoPIoUS UTIOAEIMPATWY 28 aVTIMPOCWTEUTIKWY QUTOTIPOCTATEUTIKWY OUCIWY Ol
omoie¢ mepAn@Onkav otnv Siepyactnplakr Sokiur mou Sopyavwbnke and v Evpwmaikn emrtpo-
T yla umoAeippata og Snuntplakd to 2007. H ekUNON TWV OUCLWV TIPAYLOTOTOINBNKE e OKETOVN
Kat SiéAupa metpeAdikol aBépa/Sixhwpopedaviou (50/50). O TOLOTIKOG KAl TTOGOTIKOG TPOGSIOPIoHOS
TWV OUCLWV TIPAYHATOTIOIONKE LE TNV TEXVIKI TNG AEPLAC XPWHATOYPAPIOG 0 CUVEUAOUS UE aVIXVEU-
TEC OUANYNG NAEKTPOVIWVY Katl alwTou/Qwa@dpou. ATid Ta 0ToLXElD EMKUPWONG MPOKUTITEL OTL N YEOO-
bo¢ mapouaotalet amodekTr) 0pBOTNTA e TOCOOTA AVAKTNONG 65-120%, KABWE Kat MOTOTNTA UE OXE-
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TIKEC TUTTIKEC OTTOKAIOELC MIKPOTEPEC amd 10%. To 6plo ToooTIKoMOINoNG TNE HeBOdou KupaiveTal amd
0.002 w¢ 0.37 mg/kg avdloya pe TNV QUTOTIPOOTATEVUTIKN ouoia. H péBodog xapaktnpiletal amo aflo-

moTia kal evalednoia Kal Kpivetal KATAAANAN yia avaAUCELG POUTIVOG UTTOAEIUUATWY QUTOTIPOOTATED-
TIKWV TIPOIOVTWVY O€ aAeUpL.
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Effect of superphosphate fertilizer on glyphosate adsorption
by four Greek agricultural soils

C.N. Giannopolitis' and V. Kati?

Summary Single superphosphate fertilizer (0-20-0) applied to four distinct surface soils from Greek
agricultural fields, at a rate that provided an elevated phosphorus supply (220-260 ppm P), increased
glyphosate and aminomethylphosphonic acid (AMPA) adsorption by the two soils and did not have
any effect on their adsorption by the other two soils. These effects of superphosphate are contrary
to the expected reduced adsorption if phosphorus had competed glyphosate for the same adsorp-
tion sites in the soils. The superphosphate-induced increase of adsorption was associated with a par-
allel decrease of the soil pH which was caused by the fertilizer in the neutral or slightly acidic soils but
not to the alkaline and calcareous soils. Further evidence that the effect of superphosphate on gly-
phosate soil adsorption is brought about by its effect on soil pH was obtained by measuring adsorp-
tion after liming of an acidic soil and after strong acidification (using sulfuric acid) of an alkaline soil.
The increased glyphosate adsorption in one of the soils amended with superphosphate resulted in
an apparent retardation of glyphosate decomposition and AMPA accumulation, indicating that it was
sufficient to reduce availability of glyphosate to soil microorganisms. These results provide good evi-
dence that superphosphate fertilizer applied to Greek agricultural soils can affect glyphosate adsorp-
tion more positively (by reducing the soil pH) than negatively (by a possible competition for adsorp-
tion sites between phosphorus and glyphosate) and thus cannot contribute to an increased risk of gly-

phosate leaching.

Additional keywords: AMPA, calcareous soils, herbicide leaching, herbicide persistence, liming, soil pH

Introduction

Glyphosate has been one of the world’s
most applied herbicides since it came into
the market in 1974 and its current use is fur-
ther expanded with the incorporation of re-
sistance genes into genetically modified
crops grown in large acreage. It is a non se-
lective foliar-applied herbicide whichis read-
ily absorbed through foliage and shoots and
translocated throughtout the entire plant.
Root absorption does not normally seem to
contribute to herbicide uptake by plants, as
glyphosate is quickly adsorbed to soil be-
coming unavailable to roots.

Glyphosate is adsorbed mainly by the
mineral phase of the soil, with aluminium
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and iron oxides to play an important role (9,
12). At present, it is generally accepted that
the phosphonic moiety of the glyphosate
molecule controls the adsorption by com-
plexation through hydrogen bonding. Soil
organic matter seems to have only an indi-
rect effect by a blockage of adsorption sites
while the pH of the soil solution is the most
important factor for adsorption because
it affects the electrical charge of both gly-
phosate and the soil hydrous oxides (2).
Since glyphosate is adsorbed to soil in a
manner similar to phosphorus, phosphate
fertilization has been suspected as able
to negatively affect the adsorption of gly-
phosate through competition for similar ad-
sorption sites (7). There has been concern
that applying glyphosate on soils rich in in-
organic phosphate or in soils with a low un-
occupied P-adsorption capacity may result
in free glyphosate in the soil solution which
can be available for plant root uptake and
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injury to transplanted sensitive crops (3) as
well as for leaching into the soil and con-
tamination of underground waters (2, 13).
Studies conducted so far have indeed es-
tablished that a reduced adsorption may
be observed when glyphosate is applied
to soils that have prior been heavily fertil-
ized with phosphates (4, 8, 11) but the prac-
tical implications of this have not been de-
termined. Furthermore, recent studies show
that the extent to which glyphosate adsorp-
tion is reduced by phosphates can vary dra-
matically in different soils making predic-
tion even more difficult (2).

However, besides the variability of ef-
fects depending on soil type, variable ef-
fects might also be expected depending
on the type of the phosphate fertilizer that
is used. In addition, besides the competi-
tion between phosphorus and glyphosate,
phosphate fertilizers might also affect gly-
phosate adsorption by other means, eg. by
altering the soil pH and this may be true with
a variety of other fertilizers as well. We ex-
amined this possibility by using superphos-
phate fertilizer, which is widely used for the
basal fertilization of many crops at planting,
with typical agricultural surface soils from
Greece. The fertilizer was used at a high rate
to assure maximum possible competition
between phosphorus and glyphosate for
the adsorption sites in all four soils and the
results are presented here.

Materials and Methods

Origin of soil samples

The samples of soil used in these studies
were collected in mid June from the top 10-
cm layer of fields planted to peach orchards

(region of Himathia in Northern Greece, des-
ignated as H1, H2, H3) or vineyards (region
of Korinthia in Southern Greece, designat-
ed as K1, K2) and of uncultivated highland
fields used as pastures (region of Kalavryta
in Southern Greece, designated as KA1). The
fieldsfrom which the soil samples were taken
had been used as described for many years
and received regular cultivation and fertil-
ization according to the established practic-
es in the respective area. Pasture fields (KA1
soil) were grazed by sheep and had received
no fertilization or other treatment for years.
Some basic characteristics of the soil types
used are presented in Table 1.

Soil treatments

Soil samples were air-dried and sieved
through a 2-mm sieve before use. Soil pH
was determined by preparing 1:1 soil sus-
pensions in deionized water and measuring
with a pH/mV meter equipped with a com-
bined pH electrode and automatic tempera-
ture compensation.

Superphosphate amendment of the
soils was made using granular single super-
phosphate fertilizer (0-20-0) from the Phos-
phoric Fertilizers Industry SA (Greece). To
ensure uniform distribution of the fertilizer
the granules were first ground to a fine pow-
der. The appropriate amount of the powder
was thoroughly mixed with 100 g of soil and
placed in a plastic cup (7-cm height, 6-cm
upper diameter) with 4 holes at the bot-
tom (for watering) covered with a filter pa-
per. The soil was watered (from below) to
the field capacity and kept for 1-4 weeks in
a growth chamber with a light period of 16
hours, day temperature of 25° C and night
temperature of 20° C.

Liming of the KA1 soil was made by using

Table 1. Basic characteristics of the soil types used in the experiments.

Soil type Origin pH Texture Other

H1 Peach orchard 7.2 Heavy clay Dark fertile soil, high Al and Ca
H3 Peach orchard 8.2 Sandy clay Dark poor soil

K1 Vineyard 7.8 Heavy calcareous Whitish color, very high CaCO,
K2 Vineyard 7.6 Heavy calcareous Whitish color, very high CaCO,
KA1 Pasture 5.9 Loamy Red, washed soil, high Fe, low Ca
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analytical grade CaCO, from Acros Organics
(Belgium) and acidification of the H3 soil by
using a 2 N solution of sulfuric acid (Merck,
pro-analysis, 95-97%). After thorough mix-
ing, 100 g samples of the treated soils were
placed in the above plastic cups, watered to
field capacity and left to equilibrate for 4-7
days in the growth chamber.

All the treated soil samples along with
the respective controls were dried in the
oven (40° C) for 4 hours and sieved through
a 2-mm sieve before used for batch equili-
bration tests to determine glyphosate and
AMPA adsorption.

Measurement of glyphosate and AMPA
adsorption

The capacity of the various soil samples
to adsorb glyphosate and AMPA was deter-
mined by conducting batch equilibration
tests using aqueous glyphosate and AMPA
solutions of various concentrations. The
tests were performed by placing 1 or 1.5 g of
the soil sample and 10 ml of the glyphosate
+ AMPA solution in 25-ml glass test tubes.
The tubes were kept in an orbital shaker for
2 hours to equilibrate (12), then centrifuged
at 5000 rpm for 10 min and the superna-
tants collected and analysed. The amount of
glyphosate and AMPA adsorbed by the soil
was calculated by substracting the amount
found in the supernatant from that in the
initial solution.

The glyphosate and AMPA solutions
used in these studies were prepared using
analytical reference standards (Monsanto,
certified as 99.8 and 99.5% respectively). An
aqueous stock solution containing 500 pg/
ml of each, of the two compounds, was pre-
pared in HPLC-grade water and working so-
lutions of various concentrations were pre-
pared by diluting with de-ionized water.

Glyphosate and AMPA were quantita-
tively determined using cation exchange
HPLC and fluorescence detection following
post-column derivatization with hypochlo-
ride and o-phthalaldehyde (OPA), which is
an improved version of the US EPA method
547 (10, 14.). The instrumentation was as de-
scribed before (5). Each sample solution was

© Benaki Phytopathological Institute

first diluted with de-ionized water as need-
ed and filtered through a 0.22 um dispos-
able syringe filter with a PTFE membrane,
into a 2 ml amber borosilicate glass vial and
then directly injected into the HPLC system
at 20-50 pl.

All tests were set in a completely ran-
domized design with the treatments repli-
cated three times. The combined data from
each test were subjected to ANOVA and in
most cases to an LSD comparison of the
treatment means. Most of the conducted
tests were repeated three times and the re-
sults obtained from a typical run of each test
are presented here.

Results and Discussion

Addition of superphosphate fertilizer to
the soil increased the amount of glyphosate
adsorbed by the soils KA1 and H1 but did
not affect glyphosate adsorption by the
soils K2 and H3 (Table 2). The increased gly-
phosate adsorption by the soils KA1 and H1
was evident one week after the addition of
superphosphate and lasted for at least one
month. In further experiments with short-
er time intervals after the addition of su-
perphosphate, it was realized that the gly-
phosate adsorption started to increase as
soon as two days after its addition (data not
presented).

The addition of superphosphate also
caused a decrease in the pH of all four soils
(Table 2), although to a varying extent de-
pending on the soil. This pH-decreasing ef-
fect of the superphosphate seems to be ac-
companied by an increase of glyphosate
adsorption only in the two soils (KA1 and H1)
in which the pH was lowered to a value be-
low about 7.0.

The increased glyphosate adsorption,
after the addition of superphosphate, by the
soils KA1 and H1 but not by the soils K2 and
H3, was further confirmed by comparing the
adsorption isotherms obtained with three
glyphosate concentrations and soils amend-
ed or not with superphosphate (Figure 1).

The applied rate of superphosphate fer-
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Table 2. Glyphosate adsorption and pH of four soils, at weekly intervals after the addition of
0.3 g of superphosphate per 100 g of soil (260 ppm P). Sorption was determined with batch
equilibration experiments using 1 g of soil and 10 ml of a 20 ng/ml solution of glyphosate.

Soil KA1 H1 K2 H3
Control | +P Control ‘ +P Control ‘ +P Control | +P
Days Glyphosate adsorbed ng/g
8 102.5 131.8 138.2 152.1 94.7 90.1 41.6 379
15 97.8 125.2 108.1 135.6 97.1 92.5 41.6 36.6
21 98.0 129.3 116.6 157.3 96.9 96.8 38.1 39.5
30 101.5 129.1 109.2 172.0 99.6 100.5 45.5 39.3
Mean 100.0 128.9** 118.0 154.3* 97.1 95.0NS 41.7 38.3NS
Days pH (H,0)
8 5.7 5.2 7.1 6.7 7.6 7.4 8.2 7.5
15 5.7 5.1 7.2 6.6 7.6 7.5 8.3 7.3
21 5.8 49 73 6.4 7.6 7.5 8.2 73
30 5.8 5.0 7.2 6.4 7.6 7.5 8.2 7.4
Mean 58 5.1% 7.2 6.5%* 7.6 7.5% 8.2 7.4%*

Means for +P are statistically different at the 0.05 (*) and 0.01 (**) levels, or non-statistically different (NS), according
to a t-test comparison with the respective control means.
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Figure 1. Glyphosate adsorption by the four soils, 3 weeks after the addition of superphosphate at 0.3 g/100 g (260 ppm
P). Adsorption was determined with batch equilibration experiments using 1 g of soil and 10 ml of one of three glyphosate
solutions (4.0, 8.3 and 25.7 pg/ml).
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tilizer in the above experiments was 0.3 g
of the 0-20-0 granular formulation per 100
g of soil. This corresponds to a supply of
about 260 ppm of P which is well in excess
of the recommended P fertility level of up
to 50 ppm (1). It is of interest that at this su-
perphosphate rate, at which P is assumed to
maximally compete glyphosate for the soil
adsorption sites, adsorption of glyphosate
was not actually reduced.

In another series of experiments in which
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various levels of superphosphate fertiliza-
tion were utilized, the increased adsorption
by the soils KA1 and H1 was observed at all
superphosphate levels tested (0.25, 0.5 and
1.0%) and with both glyphosate and AMPA
(Figure 2). This effect of superphosphate in
soils KAT and H1 was most pronounced at
high glyphosate and AMPA concentrations
and this is consistent with the high adsorp-
tion capacity of these two soils. It is of in-
terest, therefore, that in these two soils in
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Figure 2. Glyphosate and AMPA adsorption on KA1 and H1 soil samples that had been previously amended with the in-
dicated amounts of superphosphate and let to equilibrate for 5 days. Glyphosate and AMPA adsorption was measured by
batch equilibration experiments utilizing 10 ml/g of solutions at the proper concentrations to supply the indicated amounts
of each chemical.
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which adsorption is increased with the ad-
dition of supephosphate, the rate of super-
phosphate does not seem to be as critical as
the rate of glyphosate and AMPA. It is also
worthy to note that soil H1 was found to ad-
sorb more glyphosate than AMPA while the
reverse was observed with soil KA1.

The same experiments with the soils H3
and K1, which are of a low adsorption capac-
ity (@ sandy and a calcareous soil, respec-
tively), indicated that superphosphate at all
tested levels had only a slight decreasing or
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increasing effect on glyphosate and AMPA
adsorption which could be seen only at low
concentrations of the two chemicals (Figure
3). Again, the rate of superphosphate is not
so critical as that of glyphosate and AMPA.
The addition of increasing concentra-
tions (0.25, 0.5 and 1.0%) of superphosphate
had also a parallel decreasing effect on the
pH of the soils (Figure 4). In soils KAT and H1
in which adsorption is increased with the
addition of superphosphate, the pH was ac-
tually lowered to values which are more fa-
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Figure 3. Glyphosate and AMPA adsorption on K1 and H3 soil samples that had been previously amended with the indicat-
ed amounts of superphosphate and let to equilibrate for 5 days. Glyphosate and AMPA adsorption was measured by batch
equilibration experiments utilizing 10 ml/g of solutions at the proper concentrations to supply the indicated amounts of

each chemical.
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Figure 4. Effect of the superphosphate amendment (at three
levels equivalent to 220-880 ppm P) on the pH of the four
soils.

vourable for adsorption. Many researchers
have already shown that glyphosate adsorp-
tion is stronger in acidic soils, with a pH well
below 7.0, where electrical charge of both
glyphosate and the soil aluminium and iron
oxides are most favorable for complex for-
mation (4, 6, 9).

To obtain a better insight of the possible
correlation of the two superphosphate ef-
fects (a decrease of pH against an increase
of glyphosate adsorption), the most acidic
soil (KAT) was limed and the most alkaline
and least adsorptive soil (H3) was acidified.
Glyphosate adsorption was then compared
with soil samples that had been limed or
acidified at various levels and subsequently
amended or not with superphosphate.

Liming of the KA1 soil with 0,5% CaCO,
caused a sharp increase of pH and liming
with 1 or 2% of CaCO, caused a slight fur-
ther increase to the saturation pH of about
7.7 (Figure 5A). Glyphosate adsorption on
these soil samples followed a pattern that
mirrored that of the pH (Figure 5B). Sam-
ples amended with superphosphate had
the same pH and glyphosate adsorption
patterns but shifted to lower pH values and
higher adsorption values, as it would be ex-
pected from a CaCO, neutralization by the
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Figure 5. Effect of 0,3 g/100 g of superphosphate, added
to KA1 soil which had previously been limed with increas-
ing amounts of CaC03 (0, 0.5, 1 and 2), on soil pH (A) and gly-
phosate adsorption (B).

superphosphate, which is a good evidence
that the superphosphate-induced decrease
of the soil pH leads to the increased gly-
phosate adsorption.

To acidify soil H3, samples were equili-
brated with various sulphuric acid concenta-
tions which at saturation decreased the pH
from 8.2 to 7.6. The pH of the same samples,
after a subsequent superphosphate amend-
ment, was even lower, ranging between 7.3
and 6.8 (Figure 6A). Acidification of the H3
soil increased glyphosate adsorption as ex-
pected (Figure 6B). The increase of adsorp-
tion brought about by increasing the acid-
ification level was parabolic in the control
soil samples (not amended with superphos-
phate) but almost linear in the superphos-
phate amended samples. As it can be noted
in Figure 6B, regarding soil H3, at a certain
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on soil pH (A) and glyphosate adsorption (B).

level of acidification (the resulting with the
addition of 12.5 ml 2 N H,SO,/100 g of soil)
superphosphate amendment seems not to
differentiate glyphosate adsorption from
that in the unamended control. At lower
acidification levels superphosphate seems
to have a slight negative effect and at high-
er levels a positive effect on glyphosate ad-
sorption. It appears therefore that even in
this alkaline soil, glyphosate adsorption can
be increased by the addition of superphos-
phate if combined with an acidifying agent
of sufficient strength to reduce the soil pH
below 7.0.

The increased glyphosate adsorption in-
duced by superphosphate in soil KA1 was
further reflected in a slower decomposition
of glyphosate to AMPA when this soil was
amended with superphosphate. As indicat-
ed in Figure 7, glyphosate dissipated quick-
ly in this soil and within two weeks most of
the applied herbicide (3.1 pg/g) was decom-
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Figure 7. Dissipation of glyphosate and accumulation of
AMPA in soil KA1 amended or not with 0,3 g/100 g of super-
phosphate fertilizer.

posed with a parallel accumulation of AMPA.
Addition of superphosphate to the soil (one
week before glyphosate application), which
has been shown to increase glyphosate ad-
sorption, caused an apparent decrease of
the initial rate of glyphosate decomposition
and AMPA accumulation, i.e. a slight retar-
dation of both processes. This is a reason-
able effect to expect since more adsorption
means less herbicide available to soil micro-
organisms for decomposition. Not exam-
ined in theses studies but already well doc-
umented by others, increasing glyphosate
adsorption in the soil may also mean reduc-
ing the risk of leaching and of underground
water contamination. Increasing adsorption
may also mean reducing the risk of root up-
take and toxicity to crop plants transplant-
ed to the soil soon after glyphosate applica-
tion.

The results presented above clear-
ly demonstrate that superphosphate fertil-
izer, even when applied at high rates, can
not lead to any significant reduction of gly-
phosate adsorption to soil as it would be ex-
pected from a competition between gly-
phosate and phosphorus for the available
adsorption sites. Contrary to that, excessive
superphosphate fertilization of certain ag-
ricultural soils from Greece significantly in-
creases glyphosate adsorption and this in-
crease seems to depend more on the rate of
glyphosate than on the rate of superphos-
phate. A study by Gimsing et al. (2004), us-
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ing contrasting Danish surface soils, have re-
vealed that adsorption of glyphosate and
phosphate can be both competitive and
additive, with the competition not always
been as pronounced. Adsorption of the two
anions seems actually to be only partially
competitive.

Increased glyphosate and AMPA adsorp-
tion following the addition of superphos-
phate fertilizer was observed with the two
most acidic soils (KA1 and H1) and the fact
that this superphosphate amendment de-
creased the pH of these two soils to even
lower values in the acidic range seems to
contribute to that. It is well established that
glyphosate and phosphate adsorption is
mostly contributed to aluminium and iron
in acid soils and to calcium in alkaline soils.
Changing the pH of the soil from the alka-
line to the acidic range would increase ad-
sorption since higher charged cations (AP,
Fe*) are capable of complexing more gly-
phosate than lower charged cations (Ca*).
Furthermore, with decreasing pH both the
clay and glyphosate become less negative-
ly charged and thus more interactive (more
adsorption). The pH and glyphosate adsorp-
tion patterns of KA1 limed soil samples (Fig-
ure 5) and of the H3 acidified soil samples
(Figure 6) in this study further document the
validity of theses statements.

The strong acidifying action of the su-
perphosphate fertilizers in the soil is already
known (1). When granules of the fertilizer
are incorporated into the soil, the sparing-
ly soluble calcium dihydrogen phosphate
[Ca(H,PO,),l, which they contain, absorbs
water and is hydrolyzed to calcium hydro-
gen phosphate [CaHPO,] and ortho-phos-
phoric acid (H,PO,). The three phosphate
compounds coexist in an equilibrium, form-
ing the so called “triple point solution”, with
a pH of 1.0-1.5, which diffuses around the
granules in the soil. It seems, therefore, that
in acidic and neutral soils the ortho-phos-
phoric acid, during diffusion of the triple
point solution, lowers the soil pH and sol-
ubilizes aluminium and iron oxides thus in-
creasing the adsorption capacity of the soil.
In alkaline calcareous soils, however, the or-
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tho-phosphoric acid is more quickly neutral-
ized by calcium carbonate and precipitates
as insoluble tricalcium phosphate, thus be-
ing unable to affect glyphosate adsorption.

Many other fertilizers are known to alter
soil pH and it would be of interest to exam-
ine how they affect glyphosate and AMPA
adsorption.
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Enidpaon Tou ungppwo@opikol AimAGHATOC GTNV
npocpopnon tov {iIlavioktovou glyphosate amo técoepa
EAANVIKA aypoTIKA e8apn

K.N. NavvomoAitng kai B. Katn

Nepilnyn  E@appoyn amlol umep@wo@opikol Aimaopatoc (0-20-0) os Té0oEpa XOPOKTNEIOTIKA
em@avelakd e5apn amd KaAlepyoUuevoug aypou¢ otnv EANGSa, oe ddoeic mou e€aopalilouv
UPNA} CUYKEVTPWON PWOPOpou 0To €85apoc (220-260 ppm P), mpokdAeoe onuavtikr avénon g
npoopdéenong Tou glyphosate kat Tou AMPA (o kUplog petafolitng tou) ota dvo £ddpn kal dev
EMNPEACE TNV TTPOCPOPNCH Toug ammd Ta dAa dUo eddpn. H emidpacn autr Tou UTEPPWOPOPIKOY
gival avTiBetn amd TNV avapevouevn HEiWan TG TPooPOPNoNE €4V 0 PWOPOPOC AOKOUOE €VTOVN
avtaywvioTik 6pdon oto glyphosate yia Ti¢ idieg Béoeig mpoopdenong ota 6den. H avénon tng
MPOCPOPNONG cuvdedTav pe pia MapdAANAn peiwon Tou pH Tnv omoia mpokaAovoe To Aimacpa ota
SUo oudétepa 1 ehappd 6va £5apn kat dx1 ota dUo aAkalikd acBeotolxa e6den. Me aoBéotwon
(xpnowomowwvtag CaCo,) evc 6&vou edapougkat e o&uvion (xpnotponotwvTacH,S0,) evog akkaAikol
edagoug amoktiBnkav mpdobeteg evdeifelc 6T To pH mailel kabBoploTikd poAo 0TV MPOCPAPNON
Tou glyphosate kat 6Tt n auénuévn MPOCPOENON UETA TN XPNHON UEPOWOPOPIKOU OPeiNeTAL OTN
peiwon tou pH mou auto mpokahel. H auénpévn mpoopdenon tou glyphosate, Letd TNV pappoyn
UTTEPPWOPOPIKOU, 0" €va amd ta e6A@n, KatéAnée emmAéov o€ epgavn emppaduvon tng didomaong
Tou glyphosate kai Tng cucowpeuong AMPA, yeyovog mou amoSelkviel 6TLn avénon TG mpoopdenong
ATAV APKETH yla va pelwoel Tn SlaBeoiuotnta tou glyphosate 0Toug pikpoopyaviopoug Tou 5Agoug.
Ta anmoteAéopata autd Seixvouv 0TI EQAPUOYH UTTEPQWOPOPIKOU MITACOTOG 0€ EAANVIKA aypOoTIKA
€6den eivat duvatov va emnpedoel Tnv TPoopoenan tou glyphosate meploodtepo BeTIKA (UElwvOVTAG
10 pH ToUL £6dPOUC) Mapd apvnTikd (Ayw mBavol avtaywviopou PETal ewodpou Kal glyphosate
yla Ti¢ Béoeic mpoopdenong) kat emopévwe Sev ival dSuvatov va cupPdaAel oe auénuévn EKmAuon Tou
(laviokTovou.
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SHORT COMMUNICATION

First records of armoured scale insects (Hemiptera: Coccoidea:
Diaspididae) from the oil-rose, Rosa damascena, in Turkey

O. Demirdzer', M.B. Kaydan?, I. Karaca' and Y. Ben-Dov?

Summary The olive Parlatoria scale, Parlatoria oleae (Colvée) and the apple oyster-shell scale Lepidos-
aphes ulmi (L.) (Hemiptera: Coccoidea: Diaspididae) are recorded for the first time infesting the oil-rose,
Rosa damascena, at Isparta, Turkey. These armoured scale insects are considered as potential pests to

the cultivation of the oil-rose.

The oil-bearing rose, Rosa damascena Mill.
(Rosaceae) is an agricultural crop cultivated
in various countries of the northern hemi-
sphere, such as Turkey, Bulgaria, Morocco,
Iran, Egypt, France, China and India. Turkey
and Bulgaria are the major producers of this
crop in the world. The annual production in
Turkey is estimated at 1.5 — 2 tons of rose oil,
and Bulgaria produces approximately 1-1.5
tons (3, 7, 11).

The cultivation of R. damascena is dam-
aged by several diseases and insect pests
(e.g. 9). However, only one species of scale
insects (Hemiptera: Coccoidea), the soft
scale Rhodococcus perornatus (Cockerell &
Parrott), has been recorded as a pest of oil-
rose (4).

Here we report on infestations of twigs
of R. damascena with two species of ar-
moured scale insects (Hemiptera: Diaspidi-
dae), namely, Lepidosaphes ulmi (L.) (Figures
1, 2), and Parlatoria oleae (Colvée) (Figures
3, 4) at Isparta, Turkey. L. ulmi was found in
14 plots, among 40 orchards inspected, at
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population density of 75-100 scales per 10
cm length of a twig. P. oleae was remarkably
less common, being found at only one plot
of this crop at Isparta.

The two species, mentioned above, are
widely distributed mainly in the Palaearc-
tic, Nearctic and Oriental zoogeographical
regions, and are highly polyphagous. P. ole-
ae has been recorded from about 150 host
plant species that belong to 51 families,
while L. ulmi is known from about 270 spe-
cies of host plants belonging to 63 families
(5, 6). Therefore, we assume that their infes-
tation on the oil-rose in Turkey was previ-
ously overlooked.

Both species are considered serious
pests of fruit and ornamental trees. Howev-
er, insect natural enemies play a significant
role in their biological control (1, 2, 5, 6, 8,
10).

Figures 2 and 3 show the scale covers of
both species with exit holes of hymenopter-
ous parasitoids. Therefore, we draw the at-
tention of growers, that if chemical con-
trol measures are applied within the frame
of pest management in the cultivation of
oil-rose, these should be cautiously recom-
mended and applied, in order to prevent the
upset or resurgence of these potential pests
from becoming destructive pests in the oil-
rose cultivation.



34 Demirozer et al.

Figure 1. Twig of Rosa damascena, Turkey, Isparta, infested
with Lepidosaphes ulmi (L.).

Figure 3. Twig of Rosa damascena, Turkey, Isparta, infested
with Parlatoria oleae (Colvée).

Figure 4. Female scale covers of Parlatoria oleae (Colvée).
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>YNTOMH ANAKOINQXH

MNpwtn avagpopda dVo kokkoeldwv Diaspididae anmé tnv
Tplavta@ulAida podelaiov, Rosa damascena, otnv Toupkia

O. Demirdzer, M.B. Kaydan, I. Karaca and Y. Ben-Dov

Nepilnyn  Ta kokkoedr| Parlatoria oleae (Colvée) kat Lepidosaphes ulmi (L) (Hemiptera: Coccoidea:
Diaspididae) avagépovtal yla mpwtn ¢opd 6Tt mpooBariouv Tnv Tplavta@uilid podelaiou, Rosa dam-
ascena, otV Isparta tng Toupkiac. Ta KOKKOEISH autd BewpouvvTal IKavda va PokaAéoouy {nuid o€

KAANEPYELEC TNC TPLAVTAQUANIAC podehaiou.
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SHORT COMMUNICATION

Galinsoga ciliata (Raf.) S.F. Blake and Sida spinosa L., two new

weed records from Greece

S. Lymperopoulou and C.N. Giannopolitis

Summary Two weed species are reported for the first time to occur in Greece. Galinsoga ciliata (Raf.)
S.F. Blake (Asteraceae) was found at high densities in vegetable crops in the area of Marathon, near Ath-
ens. Sida spinosa L. (Malvaceae) was found to be present as few scattered plants in cotton fields in the
valley of Louros, near Preveza (Southwestern Greece) and in the area of Palamas, near Carditsa (Cen-
tral Greece). Both species are considered as invasive alien plants, not previously included in the flora of
mainland Greece (the former) and of Greece (the latter). Distinguishing characteristics of the two spe-

cies are presented.

Additional keywords: alien plants, Asteraceae, Galinsoga parviflora, Greek flora, Malvaceae, Sida rhombifolia

Galinsoga ciliata (Raf.) S.F. Blake [synonym G.
quadriradiata auct., non Ruiz et Pav.], Aster-
aceae, was found for the first time in October
2003 in cabbage crops in the area of Mara-
thon, a vegetable producing area near Ath-
ens. Observations during the years 2004-08
indicated that the species is established in
this area primarily in fields grown to vege-
tables, where it occurs at high densities dur-
ing summer and autumn. Occasionally it is
also found in greenhouses grown to veg-
etables or ornamentals and in uncultivat-
ed land. The plant seems to produce many
seeds which germinate soon after their rip-
ening and falling to the soil, as one can find
plants of all stages to be present in a field at
the same time. The system of continuous in-
tensive vegetable growing, which is applied
in the area, with frequent fertilization and ir-
rigation, apparently favors the plant to at-
tain a proliferous growth.

G. ciliata, a native to South and Central
America, has now become one of the most
common weeds in the United States, Can-

Laboratory of Chemical Weed Management, Depart-
ment of Weed Science, Benaki Phytopathological In-
stitute, 8 St. Delta str., GR-145 61 Kifissia (Athens),
Greece.
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ada and many European countries (6). It
is regarded as an invasive alien plant spe-
cies already established in most Europe-
an countries, but not known to be present
in Greece yet (2). Although there has been a
report of its presence in the Greek island of
Samos since 1993 (10) and in the Izmir prov-
ince (West Anatolia) of Turkey since 2003 (7),
its presence in mainland Greece is reported
here for the first time.

The only other species of the genus, G.
parviflora Cav., which is also an important
weed, morphologically very similar to G. cil-
iata, has been reported to occur in Greece
since 1983 (5) and is now thought to have
spread throughout the country. It is very
likely, therefore, that G. ciliata has been pres-
ent in Greece for long but remained unrec-
ognized from G. parviflora.

Both species are annual plants reproduc-
ing by seed. They have upright stems with
many branches and reach a height of 10-80
cm at maturity. They are recognized from
the opposite simple ovate leaves and the
small (<1 cm) flower heads consisting of 4-5
white, 3-toothed ray florets and many yel-
low disk florets (Figure 1). Distinction of the
G. ciliata plants was mainly based on the fol-
lowing specific characters (11):
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Figure 1. Part of a G. ciliata plant with the hairy stem, the op-
posite leaves and the small flower heads. More details of the
flower head, particularly the white 3-toothed ray florets are
shown in Ta.

- Peduncles with numerous long (more
than 0.5 mm) patent glandular hairs (Fig-
ure 2),

- Receptacular scales entire (Figure 3),
- Pappus scales aristate
as opposed to few short (less than 0.5 mm)
hairs on the peduncles, 3-fid receptacular
scales and not aristate papus scales in G.
parviflora. Furthermore, G. ciliata plants are
larger (reach a height of 80 cm) with more
branched stems covered with long glandu-
lar hairs and rather triangular leaf blades
with a broader base and dentate (not ser-
rate) at the margins.

Sida spinosa L. (synonyms S.alba L., S. an-
gustifolia Lam., S. angustifolia Mill.), Malva-
ceae, was first found in a cotton field in the
valley of Louros river, near Preveza (South
Western Greece), in September 2003. Dur-
ing a weed survey in this area, at that time,
only few scattered plants were present in a
small acreage of cotton crops in the speci-
fied location. Furthermore, in summer 2004,

Figure 2. The long glandular hairs on the peduncles of G. cil-
iata (2a) as opposed to the short ones on the peduncles of G.
parviflora (2b).

Figure 3. Receptacular scales, entire in G. ciliata (3a) and tri-
fidin G. parviflora (3b).

a specimen of the same species arrived at
the laboratory for identification from cotton
crops in the area of Palamas, near Karditsa
(Central Greece). A visit to Palamas in Sep-
tember 2005 verified the presence of the
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Figure 4. A shoot of S. spinosa bearing leaves, the short
stipules (arrow) at the base of the petioles and flower buds.
Details of the flower are shown in 4a.

Figure 5. Fruit of S. spinosa at various stages of maturity (top)
and the 2-spined mericarps (bottom). Each fruit is breaking up
into 5 mericarps.

species at low densities in cotton crops. The
plant seemed to grow normally in the area,
reaching maturity and producing seeds. Ob-
servations and information received in sub-
sequent years from the above two areas in-
dicated the continuing occurrence of the
species at low densities with no evidence
for a fast spreading up to present.

S. spinosa, a native to tropical countries
of South America, has become a common

© Benaki Phytopathological Institute

weed particularly in cotton and soybean
fields in the USA, Mexico, Argentina, Chile,
Peru and Uruguay, as well as in Australia (4).
In Europe it has been reported only from Ro-
mania (8). It is regarded as an invasive weed
presenting a risk mainly for the Mediterra-
nean region (4).

It is an annual species reproducing by
seeds (9). The plant reaches a height of
about 1 m, with an upright stem, woody
at the base, much branched and covered
with hairs. The leaves are alternate, elon-
gated, 2-4 cm long, with toothed margins.
At the base of the petiole there are two fil-
iform stipules shorter than the petiole (Fig-
ure 4). Flowers are axillary, single or in small
clusters at the end of short pedicels, with
5 white to light yellow petals. The fruit is a
capsule consisting of a ring of 5 mericarps,
each with two sharp spines at the tip (Figure
5). The ring breaks up at maturity releasing
one seed per mericarp. The number and the
shape of the mericarps are the safest charac-
teristics that distinguish C. spinosa (3) from
C. rombifolia (12) and possibly other species.

Based on the above information it seems
most likely that G. ciliata has been intro-
duced to Greece since some time ago and
is already established in the country while
S. spinosa has recently entered the coun-
try and is now spreading and acclimatized.
Results of a field survey through other im-
portant agricultural areas of the country are
needed before a sound conclusion on the
distribution and importance of the two spe-
cies can be drawn.

Other important weed species additions
to the Greek flora during the last years and
the need for measures to effectively prevent
their spread have been reviewed in a previ-
ous article (1).
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>YNTOMH ANAKOINQXH

Galinsoga ciliata (Raf.) S.F. Blake kau Sida spinosa L. Mpwtn
Kataypa@n twv dvo {ifaviwv otnv EANGda

3. Aupmepormoulou kat K.N. MavvomoAitng

Nepidnyn Avo €idn {laviwv avagépovtat 611 BpEBnkav yia TpWwTn Popd otnv ENGda: To Galinso-
ga ciliata (Raf.) S.F. Blake (Asteraceae) BpéBnke va amavTdtal o€ UPNAEC TTUKVOTNTEC GUTWV Héoa OF
KaAALEpYELeG Aaxavikwy aTthv meploxr Tou Mapabuwva Attikig. To Sida spinosa L. (Malvaceae) BpéBnke
o€ Niya SidomapTa QuTa péoa og KalNiépyelec Bappakiot otnv meploxr AoUpou MpéPelac kat MaAaua
Kapditoac. Kai ta duo Bswpouvtal we elofalovta Eevika €idn, un mepthapavoeva péxpl GAPEPa 0Tn
xAwpiba tng nmelpwtikig EAMGSa¢ (to mpwto) kat Tng EANASag (to Seltepo). Mapouaoidlovtal, emiong,
TO XAPOAKTNPIOTIKE TTOU EMTPEMOLVY TNV Ao@AAr S1AKpLon Twv SU0 E16WV.
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Activity of pyriproxyfen, an insect growth regulator, on Culex
pipiens (Diptera: Culicidae)

A. Michaelakis', A.-E. Porichi? and G. Koliopoulos?

Summary In order to find an adequate replacement of temephos an insect growth regulator (py-
riproxyfen) was evaluated as agent that can keep water bodies free from mosquito larval development
for a period of up to 6 days. Bioassays were conducted under laboratory condition against Culex pip-
iens (Diptera: Culicidae) larvae. Furthermore, the attractiveness or repellency of the water containing
each of these two killing agents was estimated as oviposition substrate for this mosquito species. Re-
sults indicated that both temephos and pyriproxyfen were highly effective against mosquito larvae al-
though they act in a different way, and they can eliminate the mosquito production for the period that
they were tested. As it is indicated by the larvicidal bioassays, pyriproxyfen showed very good activity
causing complete adult emergence inhibition and its effectiveness is almost equal to those of the or-
ganophosphate compound in terms of total mosquito mortality. The presence of temephos in the wa-
ter had no effect on the attractiveness or repellency of Cx. pipiens oviposition substrate in contrast with
pyriproxyfen which acted as repellant.

Additional keywords: Culex pipiens biotype molestus, temephos, mosquito larvae, mosquito mortality, mos-

quito oviposition

Introduction

Culex pipiens is a mosquito species wide-
spread in Europe causing many nuisance
problems. Especially its biotype molestus
prefers to feed mainly on mammals (2) and
occurs more frequently in human environ-
ments. Females have been reported to bite
man indoors and outdoors (in Latin molestus
means nuisance). Except nuisance, their role
as disease vectors is another important mat-
ter and Lundstrém (10) suggests that Cx. pip-
iens biotype molestus Forskal 1775 should
be collected and processed for isolation of
West Nile virus in order to evaluate the oc-
currence of the virus in an area.

For these reasons there is often a neces-
sity to implement an integrated mosquito
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control program against this mosquito spe-
cies.

The research on the development of
semiochemical products has created an in-
telligent approach, from the standpoint of
drawing the insect to the poison rather than
bringing the poison to the insect, the so-
called “attract-and-kill strategy” (21). This
new strategy has many advantages, such as
intelligent combination of pheromone and
insecticide, species specific, targeted appli-
cation, protection of beneficial organisms
and minimisation of the risk of resistance
development (17, 21).

Agents such as oviposition pheromones
(8), extracts from plants (7) and skatole wa-
ters (16) which act as oviposition attractants
could be valuable tools in applications of
the attract-and-kill strategy for the control
of Culex mosquitoes.

For many years the organophosphate
insecticide temephos used to be the most
common larvicide in the mosquito control
programs and its efficacy has been well doc-
umented (3, 15). Nevertheless, after its not
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inclusion in Annex | of the Directive 98/8/EC,
European Union banned the use of this ac-
tive substance in the member states. After
that there is a pressing need of finding oth-
er efficient insecticides to replace temephos
in mosquito control programs and in the at-
tract-and-kill strategy as well.

Nowadays, the main tendency for the
control of vectors without the presence
of disease is to use more environmenta-
ly friendly chemicals such as insect growth
regulators (IGRs) (14).

For that reason, the IGR pyriproxyfen
was tested for its residual effect over a 6-day
period and compared with temephos in or-
der to assess it as a possible control agent
for the attract-and-kill strategy, in combina-
tion with the above mentioned oviposition
attractant agents.

Although pyriproxyfen is a rather new in-
sect growth regulator, its mode of action has
already been well studied on mosquitoes as
well (5, 9). As a member of the IGR family it
has a remarkable larvicidal activity and good
efficacy against many mosquito species in
a variety of mosquito breeding sites (5, 18).
Additionally, it has been reported that py-
riproxyfen appears to be highly selective for
mosquitoes and causes the minimum unde-
sirable effects on the environment and pub-
lic health (13).

Furthermore, as it is known that some
IGRs or other larvicides have a negative ef-
fect on oviposition activity (1, 11, 19) the at-
tractiveness of the water as an oviposition
site when pyriproxyfen or temephos is add-
ed was also examined.

Biological control agents such as Bacillus
thuringiensis subsp. israelensis (B.t.i.) were not
used in this study as according to the litera-
ture, the registered in Greece products have
virtually no residual effect against mosquito
larvae beyond application (4).

Materials and Methods

Mosquito rearing
The Cx. pipiens biotype molestus colony
used was maintained at the Benaki Phyto-

pathological Institute, for more than two de-
cades. Adults were kept in wooden framed
cages (33x33x33 cm) with 32x32 mesh at
25+2°C, 80+2% relative humidity and a pho-
toperiod of 14:10 (L:D) h. Cotton wicks satu-
rated with 10% sucrose solution were pro-
vided to the mosquitoes as food source.
Females laid eggs in round, plastic contain-
ers (10 cm diameter x 5 cm depth) filled with
150 ml of tap water. Egg rafts were removed
daily and placed in cylindrical enamel pans
in order to hatch (35 cm diameter x 10 cm
depth). Larvae were reared under the same
temperature and light conditions and were
fed daily with baby fish food (TetraMin®,
Baby Fish Food) at a concentration of 0.25
g/l of water until pupation. Pupae were then
collected and introduced into the adult rear-
ing cages (6).

Insecticide formulations

Formulated products that are common-
ly marketed in Greece of 0.5% pyriproxyfen
(Sumitomo Corporation Hellas S.A., SUMI-
LARV) and 50% temephos (Basf Agro Hellas
S.A., ABATE 50 EC) were tested at the dos-
es of 2 mg/l and 0.15 ml/l, respectively. The
dosages were equivalent to the lowest rec-
ommended label rates for each active sub-
stance.

Larvicidal bioassays

The bioassay method followed was
based on the standard test for determining
the susceptibility or resistance of mosquito
larvae to insecticides (22). However, in the
present study, besides the typical bioassay
where larvae of 3 and early 4™ instars are
used, we carried out bioassays with one-day
egg rafts as well. Aqueous insecticide stock
solutions were prepared in conical flasks as
follows: Four to six consecutive dilutions
were prepared as working solutions in a
3-litre glass jar, depending on the active in-
gredient, to obtain the desirable concentra-
tion. Before their use, glass jars were stored
uncovered under similar conditions as with
mosquito rearing. Glass jars filled with tap
water were used as controls. Bioassays were
performed for 6 days, after the preparation
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of dilutions (day 0). Every 2 days the jars
were weighted and tap water was added up
to initial volume to supplement water loss
due to evaporation.

For the typical larval mortality bioassay,
twenty larvae of 3" and early 4™ instars were
placed in a glass beaker with 100 ml of stock
solution of each insecticide. Five replicates
were made per concentration and a con-
trol treatment with tap water was included
in each bioassay. Beakers with larvae were
placed at 25+2°C, 80+2% relative humidity
and a photoperiod of 14:10 (L:D) h.

For the bioassays with the egg rafts, 100
ml of each stock solution were added in a
250 ml glass beaker and one newly laid egg
raft (less than 20 h old) was transferred by
means of a wooden stick on the water sur-
face (70+5 eggs per egg raft). In addition,
1 ml of baby fish food solution (TetraMin®,
Baby Fish Food) was added to each beaker
every 2-days to provide larvae with food.

Oviposition bioassays

Two-choice oviposition experiments
were set in sieve covered wooden framed
cages (33x60x33 cm). Two to three days old
male and female adult mosquitoes were re-
moved daily from the maintenance cages
(not containing oviposition beakers) and in-
troduced into the bioassay cages. The bioas-
say cages were kept under the above-men-
tioned rearing conditions. Two glass beakers
(10 cm diameter x 5 cm depth), one contain-
ing 100 ml distilled water and the other 100
ml distilled water plus the larvicidal, were
placed into the cages in approximately 40
cm distance between each other as more
centrally as possible in order to provide ovi-
position sites. Each oviposition bioassay
lasted six days.

Data recording and analysis

Larval mortality was assessed by count-
ing the number of dead larvae every 24 h.
In the cases where 100% larval mortality
did not occur, pupal mortality was assessed
too. Percentage mortality was calculated for
each treatment and replicate by dividing the
number of dead and moribund larvae to the
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total (dead and alive). Dead larvae were con-
sidered those that could not be induced to
move when they were gently touched with
a glass pipette in the siphon or the cervical
region. Moribund larvae were those who
were incapable of rising to the surface, with-
in a reasonable period of time, or those not
showing the characteristic diving reaction
when the water was disturbed; they could
also show discolorations or unnatural posi-
tions (22).

Efficacy of each insecticide was assessed
as the mortality noted at each treatment
compared to the mortality of the controls.
In addition, the percentage of larvae that
pupated was estimated for the evaluation of
pyriproxyfen effect.

For the oviposition bioassays the num-
ber of egg rafts was counted and removed
every 24 h after the introduction of the ovi-
position beakers into the bioassay cages.
The number of egg rafts in the treated bea-
ker was converted to percentages of the to-
tal number of egg rafts in both beakers for
each cage. These results refer to three ex-
periments for each case.

Results and Discussion

Pyriproxyfen and temephos were bioas-
sayed against egg rafts of Cx. pipiens bio-
type molestus at a concentration of 0.2 gr/I
and 150 pl/I respectively. The bioassay so-
lutions were stored from 1 to 6 days under
constant conditions before use (post treat-
ment days).

None of the tests were discarded be-
cause control mortality was lower than 20%
in all cases.

In the bioassays with the larvae of 3
and early 4" instars all the larvae were dead
within a 24 h period (mortality 100%), at the
doses tested. These results for both insec-
ticides are quite expected as a general rule
the recommended by the producer applica-
tion rate usually gives the maximum effec-
tiveness against susceptible strains of the
target organisms.

The efficacy of both insecticides when
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egg rafts are used is shown in Figure 1
where mortality percentage is presented for
every larval instar and pupa stage. From the
results it is clear that temephos killed all the
first and second larval instars (100% mortali-
ty) whereas pyriproxyfen did not significant-
ly differ from the control for the first to the
fourth larval instars. In Table 1 adult stage
emergence is presented for the control and
each insecticide.

Pyriproxyfen was also found to be statis-
tically highly effective in the stage of pupa
with a mortality ranging from 80% to 95%
and proved to be a useful tool for the con-
trol of Cx. pipiens. The results are in agree-
ment with the already known mode of ac-
tion of pyriproxyfen, even though egg rafts
were used instead of larvae of 3" or late 4t
instar (20).

Regarding the oviposition bioassays,
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Figure 1. Percentage mortality for the control (C), py-
riproxyfen (P) and temephos (T) at the 1st and 2nd larval in-
star [L(1+2)], 3rd and 4th larval instar [L(3+4)] and at pupal
stage.

Table 1. Adult emergence of Control, py-
riproxyfen (P) and temephos (T) against
hatched larvae of Cx. pipiens biotype moles-
tus for every post treatment day.

Treatment
Day
Control P T
1 82.7% 0.0% 0.0%
2 86.1% 0.0% 0.0%
3 85.1% 1.2% 0.0%
4 83.5% 0.6% 0.0%
5 94.0% 0.0% 0.0%
6 86.5% 0.0% 0.0%

results for a period of 6 days are shown in
Figure 2. For the first two days pyriproxy-
fen showed a rather repelling action but
the rest four days of the experiment the at-
traction level reached almost control lev-
els. However, as similar effect of pyriproxy-
fen on the gravid females mosquitoes is not
known further study needs to be conduct-
ed. On the contrary, temephos did not seem
to affect oviposition during the 6-day peri-
od.

In conclusion, pyriproxyfen and teme-
phos, as shown in Table 1, revealed the same
results for a period of 6 days and the only dif-
ference was the mode of action of each lar-
vicidal. Pyriproxyfen residual activity with
egg rafts for at least one week period was
very hopeful for the aims of this study, which
was to investigate if pyriproxyfen could be
used instead of temephos in integrated con-
trol programs with other means of mosquito
control, such as oviposition attractants. While
a simple contact with temephos was enough
to kill the larvae and oviposition pattern did
not affected, pyriproxyfen needs more time
and is also repellant for gravid mosquitoes.

Previous work indicated that the com-
bination of temephos with the pheromone
could result in the implementation of the
attract-and-kill strategy (12). Further re-
search is needed to evaluate the effective-
ness of pyriproxyfen and its utility as larvici-
dal agent. Moreover, additional knowledge
when pyriproxyfen combine with phero-
mone would allow the effectively practical
application in larval breeding sites such as
rain water collection areas, artificial contain-

GPyriproxyfen  OTemephos

!

Attraction (9&)
P s E 3R
HH
woCh
]
W

=
HM
L]

L]

Time {days)

Figure 2. Oviposition effected by temephos and pyriproxyfen.
The dashed lines represent the upper and lower values of the
control mean = SE (50.1 £ 2.1%, n=10).
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ers etc., in rural and urban localities.
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Enidpaon tov pyriproxyfen, evog puduiotn avantuéng
EVTOMWYV, O€ MPOVUUPEG KOUVOUTTIWV TOV Eidoug Culex pipiens
(Diptera: Culicidae)

A. MixanAdkng, A.-E. NMopixn kat 0. KoAldmouAog

NepiAnyn Metd v andeacn ™ Eupwmaikig Evwong yia Ty anayopeucn Twv PIOKTOVWY pe Spwv
ouoTaTikd To temephos Kat Tov amokKAEIGUS TOUC amod TA TPOYPAMATA KOTATTOAENGNG KOUVOUTTIWY
otV Eupwrn umdpyel EMTOKTIKA avAaykn va avTikataotabei n xprion Toug amd dAa Bloktova e€ioou
1 TTEPLOCOTEPO AMOTEAECUATIKA.

YTnv mapovoa epyacio PEAETAONKe Opdon €vog BloKTOVOU pe Spwv CUCTATIKO TO pyriproxy-
fen evavtiov mpovupewv kouvourwv Tou €idoug Culex pipiens (Diptera: Culicidae). To ev Adyw
BlokTdvo mou aviikel 0TV Katnyopia Twv pUBKICTWVY avanTuéng eVTOUWY SOKIHAOTNKE WE TPOC TV
QmOTENEOUATIKOTNTA TOU O TIPOVUUPEC 3™ Kal 47 nAiIKiag KaBWC Kal w¢ TPOC TNV UTTOAEIUMATIKY TOU
Spdon yla pia mepiodo €wg 6 NuéPEC. XToX0G NTav n diamioTwaon TnG KataAnAdTnTag Tou pyriproxy-
fen yia xprion o€ mpoypApupaTa OAOKANPWHUEVNE AVTIMETWITIONC KOUVOUTTIWV OTTOU € GUVOUAOUO £VOC
1 TIEPIOCOTEPWV ENKUOTIKWY wobeciag Ba pmopovoav va diatnprioouv pa moavy otia avantuéng
KouvouTiwy KaBapr amoé Ta éVTopa auTd.

O1 BrodokKipég Eyvav og eEAeyXOUEVEC CUVBRKEC Kal XpNOIMOTIOIRBNKAV TPOVUUPEC Kal OXeSIEC WWV TOU
KotvoU €idou¢ kouvoutioU Cx. pipiens biotype molestus amoé epyactnplakn ektpoer. H emidpaon tou
pyriproxyfen peAeTONKe Kal CUYKPIONKE pe auTr Tou temephos TOC0 OTIC AVATTTUYUEVES TIPOVUUPES
000 Kal OTIC TPOVUUQEC TTOU TIPoEKUYav armo TI oXedieq wwv mou XpnotpomotOnkav oTIiC BLOSOKIUEC.
EmmAéov peAeTriBnke Katd OO0 N mapouaia evog amd ta Vo auTd BIOKTOVA UMTOPEL va EMNPEACEL TN
GUMTEPIPOPA TWV BNAUKWY KOUVOUTTIOV WG TTIPOC TNV EMAOYI TNE CUYKEKPIUEVNG E0TIAC Yia woBeaia.
Ano ta amotehéopata MPoékuYe OTL To pyriproxyfen eival €ioou amoteAeopaTikd pe To temephos
EVAVTIOV TWV TTIPOVUUQWY TWV KOUVOUTIIWV TIAPA TO YEYOVOC 0TI Adyw Tou Sla@opeTiKoU Tpdmou
Spdong Tou dev Bavatwvel dpeca Ta évtopa. Ta TENKA TOC0O0TA BvnoIMOTNTAC NTAV TTApdUOLd UE
QUTA TOU OPYAVOQWOPOPIKOU EVTOHOKTOVOU (temephos) evw n mapepmddion epedviong akpaiwv
KOULVOUTTIWVY NTaV TARPNG aKOUN Kal oTIC emepPdoelg mou gixe xpnotpomoinBei Stdhupa pyriproxyfen
NAIKiag 6 nuepwv.

H mapouaia duwg Tou pyriproxyfen oTto vepd gixe wg amoTéheopa pla anwdnTikr §pdon w¢ mpog Thv
wobeoia Twv BNAUKWV Kouvourwy o€ avtiBeon pe To temephos mou Gev eppavios oUTe amwONTIKNA
aAAG oUTE Katl ENKUOTIKA Spdon.
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