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Abstract: Vine leaves are consumed in many countries but little attention is paid to the residues left on them after the
application of pesticides that help prevent pests and protect the grapes, the economically important target. Therefore, it is of
outmost importance to study the dissipation of the pesticides applied to this crop to protect the consumers that also eat vine
leaves. Dissipation kinetics of chlorpyrifos, chlorpyrifos-methyl, diazinon and dimethoate residues were studied in vine leaves
grown under sunny conditions in Syria, using an ethyl acetate based sample preparation followed by GC-MS/MS
determination. The dissipation rate for all doses applied followed first-order kinetics, with half-lives in grape leaves in the
range of 2.9 — 3.9 days. At the recommended application dose, a withholding period of 8.9-37.1 days before consumption
should be applied to meet current MRLs and minimise risks to consumers. The effectiveness in the reduction of pesticide loads
in vine leaves through washing with either cold or hot water was dependant on the physicochemical properties of the studied
pesticides. Hot water washing was very effective for dimethoate, a polar and water-soluble pesticide, with an effective
reduction of 92% of the residue level; but no significant effect was observed for chlorpyrifos, the most apolar compound in this
study.
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Syria, where vine leaves are widely consumed, it is important
to assess human dietary exposure to residues of pesticides
applied to vine leaves. As vine leaves may represent an
important contribution to the Mediterranean diet, data on the
fate of pesticides in vine leaves after application are essential
for both the calculation of the theoretical maximum daily
intake and the establishment of the Maximum Residues

1. Introduction

Grape (Vitis vinifera) was estimated by Food and
Agriculture Organisation of the United Nations to be the
most widely cultivated fruit crop in the world [1]. The
Mediterranean countries constitute the main area of
cultivation of grapevines. While the main product are grapes,

with most of the production destined for wine making, vine
leaves are also important for cultural and nutritional reasons.
Vine leaves have been used as a nutritious food in Greece
and the Middle East for centuries and their popularity as a
healthy food is increasing globally [2]. In countries such as

Limits (MRLs) [3]. Most studies on pesticide residues deal
with the analysis of grapes or the transformation from vine to
wine, as discussed in the review by Grimalt et al. [4]. To date
only a few studies have been dedicated to residues in vine
leaves and foliage in general [5-10]. Insecticides and
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fungicides are applied to be effective against a wide range of
insect pests, such as grape moth (Lobesia botrana), and
fungal diseases such as downy mildew (Plasmopora
viticola), powdery mildew (Uncinula necator) and gray mold
(Botrytis cinerea), but their use has to be strictly regulated.
The legal parameter with respect to pesticide residues, which
determines whether a food product may be placed on the
market, is the MRL expressed in mg/kg of product. This
value is calculated from toxicological data such as
Acceptable Daily Intake (ADI in mg/kg/day) and Food Daily
Intake (FDI in kg/day), and agronomic data such as active
dose and dissipation curves in the field FAO and the World
Health Organization (WHO), through their Joint Meeting on
Pesticide Residues (JMPR) meetings evaluate pesticides and
their residues in food to set MRLs for food commodities [11-
12]. The occurrence of pesticides in the environment, as well
as in vine leaves, remains an important challenge to address
in Syria and elsewhere. The agricultural practices, including
pesticide management practices, must be continually
improved to meet it. It is important to generate analytical
data on the actual levels of crop protection chemicals on
crops and in the environment, and to consider these data with
respect to the agricultural practices applied under local
conditions to be able to optimize pesticide management. In
assessing the impact of dietary exposure to pesticides, a
number of parameters have to be taken into account and
carefully evaluated, including MRLs, withholding times and
dissipation rates and post-harvest management, amongst
others. These parameters are obtained either experimentally
or through modelling and they vary according to the
pesticide, the type of crop and the prevailing environmental
conditions. A combination of effects results in a reduction,
over time, from the initial amount of active ingredient on
crops after application. The dissipation rate (Kgs) is an
important kinetic parameter used to calculate residual
concentrations of pesticides in crops harvested for human or
animal consumption [13]. The term dissipation is defined as
an integrated process where several effects play a role,
including  volatilization,  photodegradation, = wash-off,
leaching, hydrolysis, chemical and biological degradation,
among others [13]. Dissipation rates are usually expressed as
the pesticide half-life; the half-life being the time required for
the pesticide residue level to fall to half of the initial
concentration directly after application. Because of the large
combinations of pesticides and crops, it is very important to
estimate dissipation half-lives to contribute to risk
assessments, for example when establishing MRLs for
pesticides in various commodities. The dissipation rate for
pesticides applied on a specific crop depends on several
factors: the chemical formulation and application method,
climatic conditions - especially rainfall and temperature,
vapour pressure of the pesticides, and the potential for
photodegradation and other chemical degradation [14]. This
means that dissipation curves are very specific to local
conditions in each growing area [15-20], and therefore
generation of precise knowledge of pesticide degradation
kinetics is very important to produce reliable data for

international  bodies, such as Codex Alimentarius
Commission, that set MRLs [21]. Because of the agronomic
behaviour and differences among regions in the world, the
same active ingredients may have different MRLs depending
on the country and the climatic conditions [22]. Fantke et al.
[13] systematically reviewed 811 scientific literature sources,
and analysed 4513 dissipation half-lives of 346 pesticides
measured in 183 plants. The authors emphasized that further
experiments are needed to analyse pesticide-plant species
combinations that so far have not been covered and to allow
the use of prediction models. The fundamental reason is
because modelling dissipation in plants is highly uncertain
and the estimation of dissipation half-lives strongly relies on
experimental field data. A study was initiated in Syria on the
behaviour of specific organophosphate pesticides (OP) in the
field under the current agricultural practices for grape vines.
The compounds included in the study were chlorpyriphos,
chlorpyriphos methyl, diazinon and dimethoate. OPs are
extensively used due to their high insecticidal activity and
relatively low persistence [5]. The dissipation rate of OPs is
very fast [23-25]. The objective of the study was to establish
the withholding period (WHP) for these specific OP
pesticides used in vineyards in Syria. The WHP is the
minimum period of time that must be allowed after pesticide
application before the treated area or crop can be grazed, cut
for fodder or harvested. Withholding periods vary for
different pesticide/crop combinations. They help to ensure
that residues in the treated crop will not exceed the maximum
residue limits when the crop is placed on the market [26].
When being prepared as a food in the home (or by industry),
vine leaves are first washed. The fate of pesticide residues on
raw agricultural crops has been well studied and recently
well reviewed by Amvrazi [27], Kaushic [28], Holland [29].
According to these studies the rinsability of a pesticide is not
always correlated with its water solubility and different
pesticides may be rinsed off commodities using different
washing procedures and washing agents [27]. In the present
study, after sampling, vine leaves were analysed unwashed,
washed with cold water, and washed with boiling tap water to
assess whether domestic washing can offer a practical
method for decreasing the intake of pesticides for consumers.

2. Materials and Methods
2.1. Field Trials

2.1.1. Site Descriptions

The experimental trials were carried out during the
summer of 2016 in two different vineyards located outside
the city of Damascus, Syria. A local cultivar of table grape
was used for testing. The Al Soujah (Yafour) area, located 23
km west of Damascus, is an arid zone where the vineyard is
surrounded by olive trees and is an experimental station
belonging to the Atomic Energy Commission of Syria
(AECS). The Al-Hamah area is a private vineyard in a
greener zone located 14 km north west of Damascus and
close to a river (see Figures Al and A2 in the Appendix).



142

Meteorological data were collected by an agrometeorological
station in Damascus. During the field trials the average daily
temperature was 26°C, the maximum temperature was 36°C,
the average humidity was 27%, the average solar radiation
was 209 w/m’, the average wind speed was 11.1 km/h and
there was no rain. Each growing area was divided into two
zones. One zone was treated and the other one was left
untreated to be used as a control. The vines did not receive
any irrigation, or pesticide or fertilizer treatment throughout
the growing season. Four different formulations of
organophosphate pesticides (OPs) were purchased from a
local supplier and applied at the concentrations indicated on
the labels, using a 20 L hand-pump pesticide sprayer (in Al
Soujah area) and an electronic sprayer (in Al-Hamah area).
Care was taken to ensure that the vines were well covered
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with the spraying mixture. The formulations applied to the
vine areas, their label concentrations and the target
application rate for each pesticide are presented in Table 1.
Formulated forms of the pesticides dimethoate (400 mg/mL)
and chlorpyrifos ethyl (480 mg/mL) were from AgriPest,
diazinon 600 mg/mL was from Orient for Veterinary
Pesticides and chlorpyrifos methyl (20%, 200 mg/mL) was
from OvaGreen. At the Al Soujah site, 50 m® of vines trees
were treated with 7 L of the pesticide formulation mixture, at
the Al-Hamah site 100 m? of vines were sprayed with 100 L
of the formulation mixture. In both cases the total volume of
prepared pesticides was sprayed on the vines to deliver the
amount of kg/Ha as shown in Table 1. Only one pesticide
application was carried out at both locations at the end of the
flowering stage.

Table 1. OP insecticides, their concentration and the amount sprayed on vine leaves in Al-Hamah and Al Soujah area.

Label concentration

Amount of OP used for the Amount sprayed in

Amount of OP used for the Amount sprayed in

Insecticide (mg/mL) mixture in Al Hamah (mL) Al Hamah (kg/Ha) mixture in Al Soujah (mL) Al Soujah (kg/Ha)
Dimethoate 400 50 2 7 0.56

Diazinon 600 50 3 7 0.84
Chlorpyrifos-methyl 200 200 4 280 11.2
Chlorpyrifos-ethyl 480 50 2.4 7 0.672

2.1.2. Sampling

For studying the dissipation of the four evaluated OP
pesticides, vine leaves were collected at time 0 (one hour
after spraying, when the spraying mixture had dried) and then
after 1, 7, 14 and 21 days. Sufficient leaves were randomly
collected from at least 5 vine trees to provide an overall
sample weight of 500 g of vine leaves. The samples were
labelled and immediately dispatched to the laboratory, where
they were frozen and kept at -18°C until analysis.

2.2. Chemicals

All chemical analyses were performed at the Joint
FAO/IAEA laboratories in Seibersdorf, Austria. All water
used in this study was obtained from an in-house purification
system (Milli Q, Millipore, USA). Certified pesticide
analytical standards and triphenylphosphate (TPP, certified
analytical standard) were purchased from Sigma Aldrich,
Austria. Stock solutions of individual standards were
prepared at 10 mg/mL and used in the preparation of a mixed
stock solution at 25 ng/uL. The individual stock solution and
the stock mixture were stored in amber screw-capped vials
with septa in the dark at —20°C. Working standard solutions
were prepared from the mixed stock solution according to
requirements. Residue grade glacial acetic acid and ethyl
acetate were purchased from Merck (Austria) and ascorbic
acid was purchased from Sigma Aldrich (Austria). Acidified
ethyl acetate was prepared by dissolving ascorbic acid (0.5 g)
in milliQ water (10 mL), to which glacial acetic acid (10 mL)
was added and the volume made up to 1L with ethyl acetate.
The solution was stored in a screw-capped bottle with
septum, wrapped with aluminium foil and kept in the dark at
4°C. Residue grade sodium hydrogen carbonate (NaHCO;),
anhydrous sodium sulphate (NaSO,) and anhydrous

magnesium sulphate (MgSO,) were purchased from Sigma
Aldrich (Austria). Residue grade primary-secondary amine
(PSA) sorbent was purchased from Varian (USA).

2.3. Sample Preparation

Upon arrival at the laboratory each sample was divided
into three parts. One part was directly stored at -20°C
pending analysis. The other two parts were washed by
immersion for 5 seconds into either boiling water or tap
water, air dried in the dark and stored -20°C pending
analysis. Before analysis, the vine leaves were prepared by
removing the stems and crushing the leaves to small particles
using liquid nitrogen in a mortar and pestle. To ensure
effective homogenization, the samples were further
homogenized, while still frozen, using a common food
chopper (Moulinex, 1000 W) for 1 minute.

2.3.1. Analytical Method

A validated method for the determination of chlorpyrifos,
chlorpyrifos-methyl, diazinon, and dimethoate was applied
for the analysis of the samples [30]. Analytical portions of 2
g of homogenised vine leaves were weighed into 50 mL
labelled PTFE centrifuge tubes. Milli Q water (4 mL) was
added and the samples left to soak for 30 min. Acidified ethyl
acetate (4 mL) and the surrogate standard, TPP (200 pL of a
2 ng/uL solution) were added to each sample. The tubes were
shaken vigorously by hand for 1 minute and then for 30 min
on a horizontal shaker. After this step the first salt mixture
(0.3334 g NaHCO; + 2 g NaSO,) was added, the tubes were
hand-shaken vigorously and the contents were thoroughly
homogenized using an ultra-turrax homogenizer (IKA-T25,
IKA, Germany) at maximum speed for 1 min. The
homogenates were centrifuged for 5 min at approximately
12,600 g at 20°C. Two mL of the organic supernatant were
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cleaned up in an Eppendorf tube of 15 mL by adding a
second salt mixture (50 mg PSA + 300 mg MgSO,), and
vortexed for 30 seconds. They were then more intensively
agitated on an orbital vortex mixer (Scientific industries) at
maximum speed for 5 min. The tubes were then centrifuged
for 5 min at approximately 12,600 g at 20°C. The extracts
were filtered using a 0.2 pm syringe filter yielding a 0.5 g
/mL sample extract. Finally, 100 pL of internal standard
(sulfotep, 1 ng/uL) was added to 900 pL of each extract,
including calibration standards, to reach a final volume of 1
mL and injected into the GC-MS/MS triple quadrupole
system.

2.3.2. Apparatus and Analytical Conditions

The gas chromatography system used to analyse the
pesticide residues consisted of an Agilent 7693 autosampler,
7890 B GC and 7000C GC-MS/MS triple quadrupole system
(Agilent Technologies, Santa Clara, USA). Data acquisition
and processing were implemented using Agilent Mass Hunter
Quantitative Analysis B07.00 software. Two 15.0 m x 0.25
mm ID x 0.25 ym HP-5 ms ultra-inert columns (Agilent
J&W, USA) were connected by an electronic pressure
controller to enable a 5-minute post-run backflush. The
samples were injected using a multimode injector inlet in
splitless mode through an ultra-inert inlet liner with a glass
wool plug (Agilent Technologies, Santa Clara, USA). The
injection volume was 3 pL. The temperature programmable
injector port was set up to an initial injection temperature of
70°C for 0.02 minutes and then ramped up to 320°C (at
850°C/min) for 5 minutes, then cooled down to 280°C at
20°C/min. The oven temperature was held at 70°C for 1
minute, then ramped to 150°C (at a rate of 50°C/min),
increased to 200°C at 6°C/min followed by a final ramp to
280°C at 16°C/min. The total run time was 24 min. Helium

(99.999% purity) was used as the carrier gas and nitrogen
(99.999% purity) as the collision gas. The transfer line was
maintained at 280°C. The retention time lock setting (RTL)
used chlorpyrifos-methyl as the locking compound at
retention time of 10.83 min. The instrument worked at a
constant flow (1.25 mL/min in column 1 and 1.45 mL/min in
column 2). The ion source and the quadrupole analyser
temperatures were fixed at 300°C/min and 150°C/min,
respectively. The transitions and the collision energies used
for detection are shown in the Appendix (Table Al of the
Appendix). A twenty-five time-segment method was created
to obtain adequate sensitivity, and in each time segment
dwell times were optimised to collect at least 12 points across
a peak (cycles between 3 and 4). The solvent delay was 4
minutes.

2.3.3. Residues Analytical Determination

The analytical calibration was carried out using matrix
matched standards calibration curves, covering the range
0.005-0.240 pg/g (2.5-120 pg/L) and using the bracketing
calibration modality. When needed, the samples and the
corresponding blanks, used for the preparation of the matrix
matched calibration curves, were diluted with acidified ethyl
acetate to meet the analytical range of 0.005-0.240 pg/g.
Where more than a single estimate of the residue level was
available (based on different dilutions required for
assessment) an average estimate was used for that sample.
The limit of quantitation (LOQ) and the precision data
obtained during method validation are presented in the
Appendix (Table A2 of the Appendix). Current EU and Codex
MRLs for chlorpyrifos, chlorpyrifos—methyl, diazinon and
dimethoate are given in Table 2. Values below the minimum
reporting level or lowest calibrated level (LCL) were not
included in the data set.

Table 2. European Union MRL for grape leaves and current Codex MRL for commodities similar to vine leaves, and selected properties of the three OP

pesticides (from Lewis et al. [31]).

- MRL-Codex Alimentarius (mg/kg) for Half-life on Photolysis half-life
Pesticide MRL-EU (mg/kg) similar commodities Koc  Kow plants (days) (days)
Chlorpyrifos 0.05 0.5 (grapes) 8151 50100 3.3 29.6
Chlorpyrifos-methyl ~ 0.05 0.5 (grapes) 4645 10000 2.4 1.74
Diazinon 0.01 0.5 (lettuce leaf) 609 4900 24 50
Dimethoate 0.01 0.5 (peppers) 8 5.06 3.7 175

2.4. Statistical Methods

In most of the cases pesticide residue dissipation curves
can be described mathematically by a first order decay model
[32- 38]. Occasionally other mathematical models have to be
applied to describe the decay [12]. Results obtained from the
analysis of sampled vine leaves were plotted and statistically
analysed using the statistical software R (R Core Team,
2017) [39]. In this study, where possible a first order decay
model was used to describe the data according to Equation 1:

Ct = CO X exp (' kdiss X t) (1)

Where C, is the residual pesticide concentration in the vine
leaves (mg/kg) at time t, C, is the initial pesticide

concentration, in mg/kg on the harvested plant material
immediately after pesticide application, t the time since
spraying and kg; is the dissipation constant, which is related
to the rate of pesticide breakdown. Equation 1 is non-linear
and implicitly assumes a constant variance along time. A
logarithmic transformation is therefore applied resulting in
Equation 2, which is linear:

Ln (C)) =In (Cop)- kyiss X t 2

Equation 2, was applied to fit the residue data obtained for
all the pesticides. An alternative approach was required for
diazinon. In the case of diazinon, a biphasic model was
required to obtain homoscedasticity, i.e. homogeneity of
variances. This was achieved by minimising the sum of
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squares of the residuals on the logarithmically transformed
data. Rearranging Equation 2 and solving for kg yields
Equation 3:

Kaiss = (In (Co)-In (Cy)) / (B) 3)

kiss represents the slope of the regression line. From this,
one can finally obtain the half-life (t;,), defined as the time
needed to reduce the initial pesticide residue level to half of
its initial value [33], and calculated from Equation 4:

tin=1In(2) / kyiss “4)

For each pesticide there were two data series, based on the
different study areas. Where these two series had different
starting residue levels at the time of the first sampling, a
convenient method for estimating the initial application
residue level was to use the intercepts of the regressions
models for each data series separately. The maximum
intercept value was used further to estimate the half-life and
the required WHP for that pesticide. The WHP was estimated
as the time needed for the residues to dissipate to values
equivalent to the MRL after pesticide application (time 0)
using the established regression model. The Equation used
was:

WHP = [(intercept —In (MRL value)) / Kgigs] 5)

Paramasivam et al. [40] used Equation 5 to calculate the
pre-harvest interval (PHI) defined as the maximum time
(days) required for the residues to fall below the MRL.
Confidence limits (CL) for the regression curves were
obtained from Equation 6:

CL= X £t SE (6)

Where t is the Student’s t value and SE is the standard
error. The statistical model used to describe the data included

additional terms to take into account the effect of the study
areas, the effect of washing and their interactions. Where the
results indicated that these terms were not significant, then
the model was simplified and those additional terms deleted.
Confidence limits for the WHP were obtained from the
confidence limits of the regression slope, using a stepwise
approach, at the point of intersection between the regression
line and the MRL. The first step in estimating the confidence
limits for the WHP was to estimate the standard error of the
fitted line at the intersection point of the regression line with
the MRL value (as shown in Figure 1). Finally, the standard
error value (SE) was divided by the slope (with its sign) of
the regression line to obtain the SE of the WHP. The
confidence interval for the WHP was then obtained from
Equation 6. The appraisal of the withholding period required
to achieve the MRL value for diazinon was estimated using a
two-compartment model following a Newton-Raphson
technique [41]. Confidence limits of the required withholding
period were estimated for the two-compartment model using
a bootstrap technique [42], which was used to obtain 1000
estimates. The quantiles of the estimates obtained were used
for the estimation of the confidence limits of the withholding
period.

3. Results and Discussion

For each of the organophosphate pesticides in this
investigation, the residues data obtained from the analytical
method were mathematically transformed according to
Equation 2 and, where possible, a first order decay model
was fitted to the data using the statistical software R and
following the equations above. Table 3 presents a summary
of the WHP for the studied pesticides.

Table 3. Comparative summary of the withholding period (WHP) for chlorpyrifos, diazinon and dimethoate according to the Codex and EU MRL. Estimated
confidence intervals (in days) are for unwashed leaves. Lower confidence level (LCL) and upper confidence level (UCL).

Pesticide Estimate WHP (Codex) LCL-UCL Estimate WHP (EU) LCL-UCL
Chlorpyrifos 26.0 22.2-29.5; 37.0 31.6-42.1
Diazinon 8.9 6.0-10.6 37.1 n/a
Dimethoate 19 18-20 33 31-34

3.1. Chlorpyrifos Methyl

No detectable residues were found for chlorpyrifos methyl
(CPM). None of the samples analysed showed CPM residues
above the limit of detection. This behaviour can be explained
by photolysis, as shown by the photolysis half-life data in
Table 2, and a fast dissipation rate of CPM under the local
conditions in Syria. This is in line with previous findings
about this pesticide for which the half-life ranged from 0.97
to 3.27 days in Italy [17)] or 0.9-2.6 days on different foliage
[7]. The concentration of chlorpyrifos methyl applied at the
Al-Hamah site was very small (200 mL of 20% pesticide

formulation dissolved in 50 L of water) compared to that
used at the Al Soujah site (280 mL of 20% pesticide
dissolved in 7 L of water). However, there is no information
about the authenticity of the pesticide formulation. No
statistical analysis could be carried out on the data relating to
CPM.

3.2. Chlorpyrifos

The details of the regression model of chlorpyrifos
presented in Table 4 indicates that there is an effect for the
variables time and study area (Al-Hamah and Al Soujah), but
there is no interaction between the variables.
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Table 4. Details of the regression model of chlorpyrifos residue data (in natural logarithm scale) for dissipation time and study area.

Parameter Statistical estimate  Standard Error t value Pr (>)t) Lower 95% Upper 95%
Time O (intercept value) 4.73 0.19 24.76 << 0.001 4.34 5.12
Dissipation time (slope value) -0.209 0.016 -13.00 << 0.001 -0.243 -0.1176
Study area (slope value) -1.589 0.233 -6.83 << 0.001 -2.069 -1.1096

That means it is possible to construct separate regression models for each of the study areas. However, it is acceptable to
build a regression model with an average slope from both series [42] as shown in Figure 1A.

500 (e ¢ Series Al Soujah None = = No washing
@ 4 Series Al Soujah Cold =++ Tap water wash
* Series Al Soujah Hot * = * Hot water wash
50 ¢ Series Al-Hamah None | g
g 4 Series Al-Hamah Cold z
¢ Series Al-Hamah Hot J
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Figure 1. A) logarithmic decay of chlorpyrifos for the estimation of dissipation of chlorpyrifos; the fitted line was based on Al Soujah data; B) logarithmic
decay of dimethoate for the estimation of dissipation of dimethoate and showing the effect of washing; C) logarithmic decay of diazinon for the estimation of
dissipation of diazinon and showing linear and two compartment models; D) showing the modelled dissipation of the labile and persistent compartments for

diazinon.

In this study the first sample of vine leaves was collected
only after 60 minutes from pesticide application, due to
manpower constraints and other operational factors. The
volatile losses from leaves that may have occurred
immediately after application can in fact be substantial [43].
Therefore, the initial application residue data, at time 0 hours,
was estimated from the intercept of the regression model
from the highest residue data set (Al Soujah). This
conservative approach was taken to avoid overestimating the

half-lives. The intercept (i.e. time zero) was estimated from
the constructed models. The initial pesticide residue loads for
the two study locations were 114 mg/kg (Al Soujah series)
(back transformed data for 4.73) and 23.22 mg/kg (back
transformed data for 3.14) (Al Hamah series), see Table 4.
Although the initial loads seemed different between the
study sites, from a statistical point of view there was no
significant difference. The estimated half-life for chlorpyrifos
was calculated using Equation 4, which gave an estimate of
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3.3 days. Using the standard error of the slope (0.016), 95%
confidence limits for the half-life were established at 2.9 —
3.9 days. The estimated half-life was similar for both data
sets from each study area. These results for half-life values
for chlorpyrifos are in line with previous ranges of 2.9-4 days
as reviewed by Willies et al. [7] and Lu [10] in various
foliage crops. The suggested withholding period (WHP) for
chlorpyrifos was estimated using Equation 5. A key
component of the estimate of the withholding period was the
initial load. For chlorpyrifos this varied widely between the
two study areas — each estimate having its own confidence
limits. Several estimates of the initial load were, therefore,
considered, including the average of the estimates, the
maximum of the two estimates and the upper confidence
limit of the upper estimate. The latter was chosen as a worst-
case scenario, providing a safety margin when estimating the
WHP. The initial load corresponded to 168.9 mg/kg.
Depending on which MRL was used for the calculation, the
WHP for chlorpyrifos, i.e. the time required to reduce the
initial load of 168.9 mg/kg to 0.5 mg/kg if using the Codex
MRL, or to 0.05 mg/kg if using the EU MRL for vine leaves
as shown in Table 2, ranged from 26 to 37 days respectively.
The WHP for chlorpyrifos is shown in Figure 1A as the time
corresponding to the intersection point between the
regression line and the MRL. This difference in WHP is
significant and implicitly influences the agricultural practices
in a relevant way. It also implies that vine leaves should not

be used for human or animal consumption for the entire
duration of the WHP. Approximate confidence ranges for the
withholding period (based on the initial load of 168.9 mg/kg)
were then 22.2-29.5 days (using Codex MRL) and 31.6-42.1
days (using EU MRL). These confidence limits can only be
considered as theoretical extrapolations assuming that the
dissipation behaviour of chlorpyrifos approximated a linear
function, as samples of vine leaves were not collected at
those times. Each collected sample of vine leaves was also
washed using tap water and boiling water. In on the case of
chlorpyrifos, there was no statistically significant effect of
washing the vine leaves with tap water or hot water. There
was also no interaction between washing and the effect of
dissipation in time. That means that washing the leaves did
not decrease the chlorpyrifos load at any of the residue levels
studied.

3.3. Dimethoate

In the case of dimethoate there was no statistically
significant difference between the data sets from the two
study areas but there was a large difference between the
washing treatments. There was no interaction between the
washing treatments and the holding time. Washing with water
removed the same fraction of the pesticide over time. Details
of the initial estimated loads are given in Table 5.

Table 5. Details of regression of dimethoate against washing type and time.

Washing Estimate (In) Std.Error Estimated initial residue level at t0 (mg/kg) t value Pr (>F)

No washing 3.34 0.18 28.2 18.13 << 0.001
Tap water 2.79 0.18 16.30 15.15 << 0.001
Hot water 0.85 0.18 23 4.62 << 0.001
Slope -0.242 0.013 -18.9 << 0.001

There was no significant difference between the two study
areas. One of the results from the hot water wash series in
area 1 (Al Soujah) had an initial value comparable to that of
the samples with no washing. This is most probably an
outlier but was included in the analysis as there was no valid
reason for rejecting it. An estimate of the half-life was
obtained using Equation 4 which gave an estimate of 2.9
days. By using the standard error of the slope, 95%
confidence limits for the half-life were 2.6 — 3.2 days. These

estimated values are in line with previous findings for which
the half-lives for dimethoate were in the range of 0.8-7.2
days depending on the crop [43]. The time required to reduce
the initial load of 28.2 mg/kg (back-transformed value of
3.34) to the MRL value was calculated according to Equation
5 and shown in Figure 1B. The WHP for unwashed leaves
was estimated as 19 days to accomplish the Codex MRL and
33 days to reach the EU MRLs, with approximate confidence
intervals for the WHP as shown in Table 6.

Table 6. Estimated confidence intervals (in days) for withholding period for dimethoate for washed and unwashed leaves. Lower confidence level (LCL) and

upper confidence level (UCL).

With EU-MRL of 0.01 mg/kg

With Codex Alimentarius-MRL of 0.3 mg/kg

Washing LCL Estimate (days) UCL LCL Estimate (days) UCL
None 31 33 34 18 19 20
Tap water 29 31 32 16 17 17
Hot water 22 23 24 8 8 9

These differences in WHP demonstrate the need to adopt
the agricultural practices that best protect consumers and the
environment. The MRL is a conventional measure that needs
to reflect the conditions of use under specific environmental
conditions, hence the need to generate sufficient support data,
from all regions in the world, that can help set and harmonize

MRLs in international meetings and bodies such as the
Codex Alimentarius Commission. Cabras et al. [44] provided
data on the dissipation of dimethoate on grapes, showing that
after 8 days from treatment 80% of dimethoate was
dissipated in the field. The final residue then remained
constant in the following 3 weeks. As to the effect of
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washing, details of the regression of dimethoate against the
washing regimes and holding time (average slope) and the
series is given in Table 6. Figure 1 B shows the effect of
washing on the dissipation of dimethoate. There was a very
significant effect of hot water washing with an effective
reduction of 92% of the residue level by washing the leaves
with hot water. There was also a reduction of the residue
level by washing with tap water but that effect was not
statistically significant. This result is in line with results
presented in an extensive review by Kaushik et al. [28],
which demonstrates that washing and cooking help eliminate
most of the pesticides in different food commodities.

3.4. Diazinon

In the case of diazinon the linear regression model
according to Equation 2 fitted the data very poorly
(correlation r’= 0.78). Diazinon showed a rapid
decomposition phase in the first day (s) followed by a slower
decomposition phase (see Figure 1C). This observation and
the difference in dissipation kinetics may be explained by the
fact that pesticides applied to the vine leaves may be
adsorbed, absorbed, altered, volatilized, or removed by water
and the integrated results of these processes may be seen as
an initial rapid decline in surface residues followed by a
slower, asymptotic decrease [36]. Environmental factors,
especially sunlight through photolysis, may cause a very

rapid dissipation of diazinon within days from pesticide
application. In addition, some of the diazinon may be
absorbed by the plant tissues, reaching dynamic equilibrium
and degrading thereafter very slowly [45].

An alternative two compartment model was therefore used
for diazinon, as discussed by Torabi et al. [45]. The model is
described by Equation 7, and graphically shown in Figure
1D.

C, = Cax exp (-k; x time) + Cpx exp (-k, x time)  (7)

Where C, was the initial amount of rapid phase (estimated
at =0) and k; the dissipation rate in the rapid dissipation
phase and Cg the amount in the slow phase (estimated at time
t= change of slope) and k, the dissipation rate in the slow
dissipation (persistent) phase. The parameter estimates for
Equation 7 are shown in Table 7.

Table 7. Details of linear regression of diazinon residue data (in natural
logarithm scale) against dissipation time for fast and slow phases.

Phase Intercept Slope

Estimate Std. Error Estimate Std. Error
Fast 2.109 0.311 -1.043 0.420
Slow 0.296 0.533 -0.135 0.039

The slope of the regression line is derived by taking the
differential from Equation 7 and estimated as shown by
Equation 8:

Kaiss (Slope) = -CA x k; x exp (-k; X t) — CB x k2 x exp (-k; X t) ®)

The estimated half-life of diazinon varies with time since the initial application of pesticides as shown in Figure 2.
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Figure 2. Changes in estimated half-life for diazinon with time since pesticide application.
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These results are in line with previous findings by Torabi
et al. [45], Willis et al. [43], where half-lives data for
diazinon were in the range of 0.4-5.3 days depending on the
crop. The estimation of the initial load of diazinon at time 0
(application time) was estimated in two different ways. A
direct method was to sum the C, and Cpy terms from Equation
7 (Table 8) and this gave an estimate of 10.06 mg/kg.

Table 8. Details of two compartmental model for diazinon residue data.
Indication of the regression estimates for the slow component.

Parameter Estimate (mg/kg) Std. Error
CA 8.34 2.99
CB 1.72 2.61
k1 1.53 1.01
k2 0.139 0.16

An alternative method was to wuse the linear
approximation, using the sum of the back-transformed
intercepts, as shown in Table 7, which gave an estimation of
9.58 mg/kg. The two values are not significantly different.
The WHP was then estimated based on the two-
compartment model using the slow component. This gave
an estimate, using the Codex MRL, of 8.9 days with
confidence intervals of 6.0-10.6 days. The estimated time to
achieve the EU’s MRL was 37.1 days. The latter value is
outside the range of the sampling time and is therefore
considered as an approximation only, and no confidence
limits can be provided. It is important that estimates of
WHP are based on residue data from a sampling regime that
includes the estimated time as one cannot be sure that the
behaviour of the pesticides in the field follows a linear
trend. In relation to the washing of the leaves for diazinon,
there was no statistically significant effect of washing the
vine leaves with tap water or hot water. There was also no
interaction between washing and the effect of time.
Although the difference was not statistically significant, the
no wash treatment had more pesticide, about 30% more
than the cold wash. Kaushik et al. [28] reviewed food
processing treatments such as washing and cooking, among
others, and demonstrated that in most cases washing and
cooking particularly lead to large reductions in pesticide
residue levels. Angioni et al. [46] demonstrated that
washing with tap water reduced the residues of
azoxystrobyn and fenhexamid but not pyrimethanil.
Similarly, in relation to washing, the three pesticides for
which data were collected in this study behaved in very
different ways. For better comprehension of the observed
behaviour, Table 2 presents selected properties of the three
studied pesticides. Chlorpyrifos is not a systemic
insecticide [1], however it has a high Kow/Koc and would
have been strongly bound to the cuticles of the leaves, so
there would have been very little wash-off. This is in line
with studies by Teixerira et al. [47] and Buschhaus et al.
[48] on the composition of the epicuticular composition of
leaves and their water barrier action as well as the mobility
of pesticides in the plant where lipophilicity and
concentration of the active ingredient are the driving forces

in the transfer. Adjuvants in commercial formulations may
also regulate the transfer processes. Ling et al. [49] came to
similar conclusions for this pesticide. Dimethoate has a low
Kow/Koc and hence the wash-off was effective — especially
when hot water was used. The dissipation of dimethoate in
time, and especially the persistent portion, may be
explained by translocation of the residues into other plant
compartments, since it is classified as a systemic pesticide
[47]. This is also in line with studies by Cabras et al. [50],
where he showed that dimethoate degraded rapidly during
the first week after pesticide application but remained
constant in the following two weeks. The intermediate
Kow/Koc values for diazinon may have resulted in a
fraction of the pesticide being gradually absorbed into a
protected layer, i.e. the epicuticular wax of the leaves,
which progressively increases in terms of yield during the
surface development of the vine leaves as suggested by
Buschhaus et al. [48] and previously by Baker et al. [51],
Torabi et al. [45], Willis et al. [7], Lu et al [10]. The results
from the present study agree with previous data for OPs.
Willis et al. [7] reported average values of half-life for OPs
of 3.0 = 2.7 days for foliage. Cabras et al. [50] reported
half-lives for OPs in grapes, wine and their processing
products ranging between 0.97 and 3.84 days. Angioni et al.
[22] showed decline curves for boscalid that do not follow a
linear decay curve and stressed the idea that field
agricultural practices critically influence the decrease or the
disappearance of pesticide residues. Fantke et al. [13]
provided impressive information by reviewing 811
publications in the scientific literature. Comparative
assessment showed that that 95% of all half-lives, for all
pesticide-plant species combinations, fall within the range
of 0.6 and 29 days. Marin et al. [14] found that dissipation
rates for selected pesticides (especially cyprodinil) were
higher in the field at ambient temperature and with natural
light than in cold conditions and in darkness. Chemical
degradation caused by high temperatures and solar radiation
is an important factor in pesticide dissipation kinetics. In
the study presented here, environmental conditions possibly
favoured chemical degradation in the field, which would
have contributed to the short half-life of the studied OP
pesticides.

4. Conclusions

Vine leave samples were collected over a 21-day period
and analysed to assess the decay of four OPs, chlorpyriphos-
methyl, chlorpyriphos, diazinon and dimethoate. Analysis of
the data provided an indication of the dissipation rates, the
half-lives and the WHPs. The three pesticides that could be
evaluated behaved in very different ways. For diazinon,
regression analysis could not fit the dissipation data to a first
order decay model. The estimate of the half-life and
withholding time for diazinon depended on the model used.
The results from the present study are in line with previous
data for organophosphorus pesticides. As part of the study
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vine leaves were also washed with cold and boiling tap water.
The data indicate that washing with hot water removed
approximately 92% of the dimethoate residues. This offers a
practical method of decreasing the intake of that pesticide
and directly protects consumers of, for example, stuffed
leaves. To conclude, the reported study can be replicated and
applied in field monitoring, with the objective of gaining
information on the results of current agricultural practices,
thus contributing to set MRLs under the conditions of use in
countries worldwide.
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Appendix

The study areas are presented in Figures Al and A2. They
are Al Soujah (Yafour) area, located 23 km west of
Damascus, and the Al-Hamah area located 14 km north west
of Damascus respectively.

Figure A2. Al Hamah area, a river crosses the area.

Table A1 gives the list of the pesticides, their retention times, the transitions used for quantitation and confirmation together
with the optimised collision energies (CE) and the corresponding retention time windows in the multiple reaction monitoring
(MRM) acquisition method obtained using a gas chromatograph coupled to tandem mass spectrometry (GC-MS/MS).
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Table Al. List of pesticides, their retention times, the transitions used for quantitation and confirmation together with the optimised collision energies (CE)
and the corresponding retention time windows in the multiple reaction monitoring (MRM) acquisition method.

Pesticides MRM Time segment RT (min) Quantifier transition 1 CE1(V) Qualifier transition 2 CE2 (V)
Chlorpyrifos 11 12.0 196.9 ->169.0 15 198.9 >171.0 15
Chlorpyrifos-methyl 8 10.8 285.9->92.9 25 287.9 ->92.9 25
Diazinon 6 9.5 137.1 > 84.0 10 137.1 -=>54.0 20
Dimethoate 4 8.6 86.9 ->46.0 15 92.9 ->63.0 10
Internal standards

Sulfotep 3 8.0 201.8 ->145.9 10 201.8 ->81.9 25
Triphenyl phosphate 19 15.3 326.0 ->325.0 5 214.9 > 168.1 15

Method validation information for each pesticide including method limit of quantitation (LOQ), and the precision data
obtained during method validation are presented in Table A2. The limit of quantitation (LOQ) of the method was the lowest
fortification level of the validation meeting the method performance acceptability criteria and it was obtained from recovery
studies.

Table A2. Method validation information for each pesticide including method limit of quantitation (LOQ), average recovery and intermediate precision data

(repeatability and reproducibility relative standard deviation) at 0.01 mg/kg level.

Pesticide LOQ (mg/kg) Average recovery (%) Repeatability RSD (%) at 0.01 mg/kg  Reproducibility RSD (%) at 0.01 mg/kg
Chlorpyrifos 0.01 83 15 16
Chlorpyrifos-methyl ~ 0.01 81 13 15
Diazinon 0.01 82 13 14
Dimethoate 0.01 81 9 9
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