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The principal active component in qat 
leaves is cathinone ((S)-2-Amino-1-phenyl-1-
propanone, C9H13NO), which is known for its 
mild stimulatory eff ects; recently, synthetic 
cathinones have been sold worldwide under 
the name “bath salts” (Katz et al., 2014; Daba 
et al., 2011). Qat is moderately used as a tra-
ditional medicine by indigenous people of 
East Africa, but neither the plant itself nor its 
isolated active ingredients have been wide-
ly recognised for their therapeutic use (EM-
CDDA, 2016). According to the literature, qat-
chewing is linked to adverse health eff ects, 
such as liver toxicity, an increased risk of car-
diovascular events, reproductive problems, 
psychosis, and periodontal problems (Date 
et al., 2004; Al-Hebshi and Skaug, 2005).

Qat has been reviewed by the WHO Ex-
pert Committee on Drug Dependence 
(ECDD) on a number of occasions. Catha edu-
lis remains outside international control, al-
though cathinone and cathine, which arises 
from the metabolism of cathinone in the ma-
ture plant, have been listed in the 1971 UN 
Convention under Schedules I and III, respec-
tively, since the early 1980s. Qat is controlled 
in a number of European countries including 
Belgium, Denmark, Germany, Greece, France, 
Ireland, Italy, Latvia, Lithuania, Poland, Slo-
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countries. This study investigated the persistence of three insecticides most used in qat production, 
imidacloprid, acetamiprid and methomyl. These chemicals were applied separately on plots of ten qat 
trees each at the recommended application rates. Samples of qat leaves were collected separately at 
time 0 (1 h post-treatment) and 1, 3, 7, 12, 19, 26 and 37 days after application. The residues of the inves-
tigated pesticides were extracted and then quantifi ed by liquid chromatography (LC-MS/MS). The half-
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fi ndings showed that imidacloprid and acetamiprid were more persistent than methomyl in qat leaves. 
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residue concentrations were below MRL for imidacloprid 7 days after application, and 1 day after ap-
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Introduction

Qat (Catha edulis, Forsk) is a perennial shrub, 
also known by the common names khat or 
chat, cultivated only in specifi c regions of a 
few countries encompassing the Red Sea: 
Yemen, southwestern Saudi Arabia, Ethi-
opia, Eritrea, Djibouti, Kenya, and Somalia 
(Alvi et al., 2014; Gebissa, 2010). The fresh qat 
leaves are chewed for 3–6 hours on a daily 
basis (usually in the afternoon) by around 
10 million inhabitants of these regions; this 
habit is referred to locally as “takhzeen al-
qat” (Hassan et al., 2013; Al-Motarreb et al., 
2010). Moreover, the habit of qat chewing 
has recently been introduced to other Af-
rican countries, such as Uganda, Burundi, 
and Rwanda (Numan, 2012), as well as to the 
United States, Great Britain, and Western 
Europe by the Eastern African and Yemeni 
communities of these countries (Bongard et 
al., 2015; Al-Motarreb et al., 2010). 
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venia, Finland, Sweden, Norway, Switzerland 
and recently in U.K. (The Misuse of Drugs 
Order, 2014; EMCDDA, 2016). 

The high demand for qat, combined with 
the limited amount of cultivated lands, has 
raised its value in recent years. Its price has 
increased dramatically to approximately 
$150–$200/kg, depending on its variety and 
origin. An individual chews about 100–300 
g of fresh leaves daily (Nakajima et al., 2014; 
Date et al., 2004). 

The use of pesticides in qat production is 
indispensable in protecting the plants from 
diff erent insects and fungi. Consequent-
ly, qat production consumes about 70% of 
the pesticides used in Yemen; some of these 
pesticides are banned (e.g. DDT) but contin-
ue to be used illegally in the production of 
qat and other crops (Date et al., 2004). Im-
idacloprid, acetamiprid and methomyl are 
the most commonly used insecticides in the 
production of qat; some of their key prop-
erties are presented in Table 1. Imidacloprid 
(N-{1-[(6-Chloro-3-pyridyl)methyl]-4,5-dihy-
droimidazol-2-yl}nitramide; C9H10ClN5O2), the 
most-used insecticide worldwide, and acet-
amiprid (N-[(6-chloro-3-pyridyl)methyl]-N’-
cyano-N-methyl-acetamidine; C10H11ClN4) are 
neonicotinoid insecticides that act as insect 

neurotoxins (Sharma and Singh, 2014). Meth-
omyl (S-methyl N-(methylcarbamoyloxy)
thioacetimidate; C5H10N2O2S) is an oxime car-
bamate insecticide used as a broad-spectrum 
insecticide since 1968 (Van Scoy et al., 2013), 
which was banned few years ago but contin-
ues to be used illegally by qat farmers.

Therefore, the consumption of qat might 
be an important source of exposure to pes-
ticides, especially because its leaves are con-
sumed fresh, without any thermal treat-
ments that can reduce pesticide residues 
(Daba et al., 2011). Qat chewing is similar 
to the smokeless tobacco chewing among 
workers in tea industry in India (Kausar et 
al., 2014). Moreover, the failure of some local 
farmers to respect pesticide labels (dose, ap-
plication method, and post-harvest interval) 
might lead to a high risk of qat contamina-
tion by pesticides (Date et al., 2004). Results 
obtained by Daba et al. (2011) showed high 
concentrations of the insecticides diazinon 
(751 μg kg-1) and DDT (1,372 μg kg-1) in qat 
collected from diff erent farms in Ethiopia. In 
contrast, Hassan et al. (2013) reported the ab-
sence of pesticide residues in 120 qat sam-
ples collected from Jazan area, Saudi Arabia.

Information on the persistence of pes-
ticides in qat is extremely scarce. The pres-

Table 1. Structure and key properties of imidacloprid, acetamiprid and methomyl (Gupta 
and Shanker, 2008; Gupta et al., 2008; Tomasevic et al., 2010; Van Scoy et al., 2013).

Compound M.W. Solubility 
(mg L-1) Log Kow pKa Structure

Imidacloprid
CAS: 3380-34-5
Formula: 5-chloro-2-(2,4-
dichlorophenoxy)-phenol 289.5 4.621 4.7 8.1

Acetamiprid
CAS: 101-20-2
Formula: 3,4,4’- trichlorocar-
banilide

315.6 0.6479 4.9 n/a

Methomyl
CAS: 16752-77-5
 Formula: S-methyl N-
(methylcarbamoyloxy)thioa-
cetimidate

162.2 57900 1.24 14

 



© Benaki Phytopathological Institute

Persistence of insecticides in qat leaves 53

ent study sought to determine the residue 
dissipation of the insecticides most used in 
the production of qat (imidacloprid, acet-
amiprid and methomyl) to control jassids, 
thrips and mites. To the best of our knowl-
edge, this is the fi rst work on the residues of 
these three insecticides in qat.

Materials and Methods

The commercial formula of selected insec-
ticides were purchased from a local market 
in Jazan, KSA: imidacloprid (Imidor 200 g L-1) 
(Astrachem, KSA), acetamiprid (Deltaride 
20% sp) (Delta, KSA), and methomyl (Lanet 
90 WP) (Du Pont, China). 

Field trials were conducted at a private 
farm in the Fyfa Mountains area on the bor-
der zone between Yemen and Saudi Arabia 
(17° 15’ 3.76” N, 43° 7’ 56.46” E). Four separat-
ed plots of ten trees each, with a buff er zone 
of 10–15 m between plots were selected for 
this study. Consequently, the selected trees 
were labeled for each treatment. Trees were 
healthy, 10–12 years old, and were not treat-
ed with any pesticide for the last 4 years, as 

declared by the farm’s owner. One plot was 
considered to be a control and treated only 
with tap water, while other plots were sep-
arately treated with the investigated insec-
ticides at the recommended application 
rates. The applied concentrations of pesti-
cides in the sprayed solutions were 1.25 ml 
L-1, 0.5 g L-1, and 0.5 g L-1 for imidacloprid, ac-
etamiprid, and methomyl, respectively. The 
total sprayed solution was 10 L for each plot 
using a hand-operated sprayer (Mythos, Ita-
ly). All trees were treated until run-off .

For each treatment, leaves and buds 
were sampled from the four sides and top 
of each qat tree; an approximate total of 500 
g of green qat leaves and buds were collect-
ed in a plastic bag from each plot at time 0 
(1 h post-application) and 1, 3, 7, 12, 19, 26, 
and 37 days after application. At each of the 
specifi ed times, collected samples (from 
treated and control plots) were placed in 
a fi eld cooler at 4 oC and transferred to the 
laboratory. Accumulated precipitation dur-
ing the experiment was 53.1 mm; the mean 
air temperature was 29.7 oC (Fig. 1).

Upon arrival to the laboratory, each sam-
ple was chopped separately using a domes-

Figure 1. Weather parameters at the research farm of qat during the period of the insectiside residue fi eld experiment.
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tic glass blender 1.8 L (Moulinex, France). 
For each sample, three homogenized sub-
samples of 150 g were transferred into a 250 
mL amber glass bottle with cap and stored 
at -20 oC until analysis by the end of fi eld ex-
periments. In order to determine the pesti-
cide residues, frozen samples were placed 
inside a fi eld cooler and shipped frozen to 
an accredited lab (Australian Laboratory 
Services, Dammam, Saudi Arabia). The pes-
ticide residues were extracted from a ho-
mogenized sample with 1% acetic acid in ac-
etonitrile (QuEChERS procedure) according 
to the method described by Anastassiades 
et al. (2003). The extract was analyzed by liq-
uid chromatography with mass detection 
(LC-MS/MS) as described by Anastassiades et 
al. (2003) and EC (2007). The calibrated range 
of the method was 0.01-0.2 μg ml-1, which 
equates to 0.01–0.2 mg kg-1 in the sample 
(0.02–0.4 mg kg-1 in the dry samples). The re-
tention times were 2.68, 3.46 and 3.85 min-
utes for methomyl, imidacloprid and acet-
amiprid, respectively (Fig. 2). A recovery test 
for the extraction method of insecticides 
was made separately in 3 samples of untreat-
ed qat leaves (collected from the control plot 
trees) spiked with a known amount of each 
insecticide. A blank of untreated qat leaves 
was extracted at the same time as control. 

The recovery rate was acceptable with val-
ues of 101.2±3.1%, 98.3±2.7% and 94.6±1.2% 
of the initial amount for imidacloprid, aceta-
miprid and methomyl, respectively. None of 
the investigated pesticides were detected in 
the samples collected from the control plot.  

Data analysis was conducted using Mi-
crosoft Excel 2002 (Microsoft Canada, To-
ronto, ON). Dissipation curves were plotted 
using SigmaPlot (Version 10, Systat Software 
Inc., Chicago, IL). The half-life of each insec-
ticide was calculated separately using the 
equation of fi rst-order rate, as described by 
Gupta et al. (2008).

Results and Discussion

The initial concentration of imidacloprid res-
idues in qat leaves was 6.2 mg kg-1. Its deg-
radation then approximated fi rst order (r2 = 
0.95); 37 days after treatment 10.65% of ini-
tial residues remained in the qat leaves (Ta-
bles 2 and 3). The wash of insecticide with 
rain was negligible because of the low pre-
cipitation after its application (Fig. 1). Itoiz et 
al. (2012) reported similar initial residue con-
centrations of imidacloprid in lettuce leaves 
of 5.97 mg kg-1, which then declined to 0.69 

mg kg-1 14 days after application. Persistence 

Figure 2. Representative LC-MS/MS chromatogram for standards mixture of imidacloprid, acetamiprid and methomyl.



© Benaki Phytopathological Institute

Persistence of insecticides in qat leaves 55

of pesticides in plants, which is longer in the 
dry season than in the wet season, is infl u-
enced by diff erent factors, such as the target-
ed plants, the physico-chemical properties 
of the pesticide, and its application methods 
(Itoiz et al., 2012; Gupta et al., 2008; Fujita et 
al., 2014). However, a variety of similar studies 
have been realized to determine the dissipa-
tion of imidacloprid using diff erent applica-
tion techniques on diff erent plants. The half-
life of imidacloprid residues in qat leaves was 
relatively long at 12.2 days (Table 3), which is 
consistent with another study showing that 
the half-lives of imidacloprid in sugarcane 
leaves were 8.1–9.7 days in two diff erent ap-
plication doses (Sharma and Singh, 2014). In 
contrast, imidacloprid was reported to dis-
sipate more rapidly in other plants, such as 
tea shoots, with a half-life of 1.09–1.25 days 
(Gupta et al., 2008), 4.4 days in lettuce leaves 
(Itoiz et al., 2012), and 1.7–2.3 days in chickpea 
pods and leaves (Chahil et al., 2014). 

Until these days, there is no legislation 
in the qat production countries for the rec-
ommended minimum pre-harvest inter-

vals (PHIs) or for the maximum residue lim-
its MRLs of pesticides in qat despite its high 
consumption by about 10 million people of 
diff erent countries. Consequently, no val-
ue has yet been established with respect to 
the maximum permissible intake of imida-
cloprid, acetamiprid and methomyl in qat. 
Due to the lack of some scientifi c informa-
tion on the persistence of pesticides in qat 
and the absence of MRL values in its leaves 
in the major guidance documents i.e. Codex 
(2015) and EU (2005), we used the MRL val-
ues already established for lettuce leaves to 
compare the preharvest intervals of investi-
gated insecticides because both lettuce and 
qat leaves are chewed fresh and uncooked 
among the qat consumers and approxi-
mately at the same quantity weekly. The 
MRL for imidacloprid in lettuce is 3.5 mg kg-1 
and the recommended PHI is 7 days (Global 
MRL Database, 2015). In our study, the resi-
due concentrations of imidacloprid were be-
low the MRL at 3.1 mg kg-1 (Table 2) 7 days af-
ter treatment. In contrast, Chahil et al. (2014) 
reported that the residue concentrations of 

Table 2. Residues (mg kg-1) of imidacloprid, acetamiprid and methomyl, and the percentage 
of remaining residues (%) in leaves of qat at diff erent time intervals after application.

Time 
(days)

Imidacloprid Acetamiprid Methomyl

Residues % Residues % Residues %

0 (1h) 6.2 ± 0.41 100 3.0 ± 0.28 100 12.0 ± 0.63 100
1 5.2 ± 0.33 83.87 2.6 ± 0.30 86.67 2.6 ± 0.43 21.67
3 3.9 ± 0.19 62.90 2.1 ± 0.24 70.00 2.3 ± 0.39 19.17
7 3.1 ± 0.22 50.00 2.0 ± 0.11 66.67 1.1 ± 0.22 9.17
12 1.8 ± 0.12 29.03 1.3 ± 0.08 43.33 0.54 ± 0.18 4.50
19 1.8 ± 0.16 29.03 1.0 ± 0.09 33.33 0.31 ± 0.04 2.58
26 1.1 ± 0.09 17.74 0.89 ± 0.10 29.67 0.17 ± 0.06 1.42
37 0.66 ± 0.07 10.65 0.25 ± 0.05 8.33 0.03 ± 0.01 0.25

Table 3. Dissipation rate parameters for the fi t of imidacloprid, acetamiprid and methomyl 
in qat leaves, to a fi rst order kinetic model.

Pesticide r2 K (day-1) C0 (mg kg-1) Std. error t1/2 (days)

Imidacloprid 0.9542 0.057a 6.2 0.0021 12.2

Acetamiprid 0.9482 0.059a 3.0 0.0017 11.7
Methomyl 0.9290 0.135b 12 0.0009 5.1

 r2: determination coeffi  cient; K: rate constant; C0: initial concentration of residue; Std. error: Standard error; t1/2: half-
life; a,b: signifi cant diff erence between treatment using a Student T test.
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imidacloprid were below the MRL direct-
ly after application (2 h) in chickpea pods 
and leaves. This diff erence might be due to 
the very low initial concentration of imida-
cloprid (0.29–0.49 mg kg-1) in chickpea pods 
and leaves. Moreover, imidacloprid residue 
concentrations ranging from 0.01 to 0.76 mg 
kg-1 were detected in some fruit and vegeta-
ble samples collected from the Aegean re-
gion in Turkey (Bakirci et al., 2014).

The dissipation kinetics of acetamiprid in 
qat leaves was similar to that of the other in-
vestigated neonicotinoid insecticide, imida-
cloprid, although the initial concentration 
of acetamiprid residues in qat leaves was 3.0 
mg kg-1, which is 52% less than that of imida-
cloprid. Therefore, its degradation approx-
imated fi rst order (r2 = 0.95); 37 days after 
treatment 8.33% of initial residues remained 
in the qat leaves (Tables 2 and 3). The initial 
residue concentrations of acetamiprid ob-
tained in this study (3.0 mg kg-1) were much 
higher than the concentrations reported in 
chillies (0.02–0.1 mg kg-1) after treatment at 
the recommended and double-the-recom-
mended doses (Sanyal et al., 2008). A possi-
ble explanation for this discrepancy could lie 
in the fact that qat leaves received a higher 
amount of pesticide than the chilli peppers 
due to their larger surface; consequently, 
the concentrations of the chemical in leaves 
were found to be higher than those in fruits. 

Dissipation of acetamiprid in diff erent 
plants has been reported in many recent 
studies; however, the literature contains no 
information about the dissipation of acet-
amiprid in qat leaves. In our study, the dis-
sipation rate of acetamiprid in qat was rel-
atively slow (half-life = 11.7 days) compared 
to that of other plants, such as 1–1.6 days for 
the mustard plant (Pramanik et al., 2006), 
1.8–2.3 days for green-tea shoots (Gupta and 
Shanker, 2008), 2.2–4.8 days in chillies (Sany-
al et al., 2008), and 1.9 and 2.5 days in zucchi-
ni and zucchini leaves, respectively (Park et 
al., 2010). Similar to the case of imidacloprid, 
no MRL value has yet been established for 
acetamiprid in qat, thus, we used its value in 
lettuce leaves to compare the preharvest in-
tervals (PHIs). For acetamiprid in lettuce, the 

MRL = 3 mg kg-1, and the recommended PHI 
is 7 days (Global MRL Database, 2015). In the 
present study, the residue concentrations of 
acetamiprid were below the MRL at 2.6 mg 
kg-1 1 day after treatment (Table 2). Howev-
er, a PHI of 1 day after application is recom-
mended for tea shoots to ensure safe con-
sumption (Gupta and Shanker, 2008); the 
PHI of 1 day could be recommended for ac-
etamiprid in qat leaves. Acetmiprid residues 
were detected in some fruit and vegetable 
samples collected from the Aegean region 
in Turkey, but they ranged from 0.01 to 0.06 
mg kg-1 and were therefore below the MRL 
value of 3 mg kg-1 (Bakirci et al., 2014).

Despite the relatively high initial residue 
concentration of methomyl in qat leaves (12 
mg kg-1), its dissipation, with a half-life of 5.1 
days, was signifi cantly more rapid than that 
of imidacloprid and acetamiprid (Tables 2 
and 3). The decline of methomyl residues 
was very fast after application: About 78.3% 
of the residues had dissipated 1 day after 
treatment; its degradation then approxi-
mated fi rst order (r2 = 0.93), and the residue 
concentrations at the end of the experimen-
tation, 37 days after treatment, were 0.03 
mg kg-1. Similar to the case of imidacloprid 
and acetamiprid, no value has yet been es-
tablished with respect to the maximum per-
missible intake of methomyl in qat. There-
fore, we used its value in lettuce leaves to 
compare the preharvest intervals (PHIs). The 
MRL value of methomyl residues in lettuce 
is suggested to be 5 mg kg-1 (Global MRL Da-
tabase 2015). In the present study, the resi-
due concentrations of methomyl, at 2.6 mg 
kg-1, were below the MRL 1 day after treat-
ment (Table 2); at 5.1 days, its half-life is in 
agreement with results obtained by Reeve 
et al. (1992), which showed that variable 
half-lives of methomyl in grape foliage in 36 
U.S. fi elds ranged from 1 to 7.7 days. In con-
trast, the half-life of methomyl in qat leaves, 
as demonstrated in our study, is longer than 
the reported half-lives in other studies of 
other plants e.g., 0.9-1.34 days for tomatoes 
(Gambacorta et al., 2005; Malhat et al., 2015) 
and 0.88–0.94 days for okra fruits (Aktar et 
al., 2008). The half-life of methomyl in plants 
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increases signifi cantly with the progression 
of the summer months (Reeve et al., 1992) 
due to the slow growth of plants and, con-
sequently, less effi  ciency in the degradation 
of the pesticides. The initial residual concen-
tration in qat leaves was higher than results 
reported in tomatoes (1.54 mg kg-1) (Gamba-
corta et al., 2005) and 5.61–8.42 mg kg-1 in 
okra fruits treated at the recommended and 
double-the-recommended doses, respec-
tively (Aktar et al., 2008). Methomyl residue 
concentrations ranging from 0.01 to 1.42 mg 
kg-1 were detected in grape samples collect-
ed from the Aegean region in Turkey and in 
some vegetables (arugula, eggplant, bean, 
cucumber, leek, mushroom, onion, and 
pepper); at concentrations ranging from 
0.01 to 2.13 mg kg-1; the residues in all sam-
ples were below the MRL of 5 mg kg-1 (Bakir-
ci et al., 2014). The rapid dissipation of meth-
omyl and its relatively short half-life led to 
decrease the residues below the MRL value 
within only 1 day after application.

Conclusions

The present study demonstrates that the 
neonicotinoid insecticides imidacloprid and 
acetamiprid have similar dissipation path-
ways in qat leaves; their persistence was 
signifi cantly higher than the carbamate in-
secticide methomyl. Half-life values for imi-
dacloprid, acetamiprid and methomyl, when 
applied at recommended dosages on qat 
trees, were 12.2, 11.7 and 5.1 days, respec-
tively. Our results showed that the residues 
of the investigated pesticides were below 
the MRL for lettuce 7 days post-application 
for imidacloprid and 1 day post-application 
for acetamiprid and methomyl. In view of 
the increased consumption of qat and the 
scarce information about the dissipation of 
pesticides in this plant, more studies are re-
quired to assess the risk of human exposure 
to pesticides by chewing qat leaves.

AJ Al-Rajab designed the experiments, data in-
terpretation, manuscript writing, and submis-

sion corresponding. AM Alhababy contribut-
ed in experiments design, treatments, samples 
preparation, data collection and interpreta-
tion. T. AlFaifi  contributed in pesticides’ treat-
ment, sampling, lab preparation and data col-
lection.

Literature Cited
Aktar, M.W., Sengupta, D. and Chowdhury, A. 2008. 

Degradation Dynamics and Persistence of Qui-
nolphos and Methomyl In/On Okra (Ablem-
oschus esculentus) Fruits and Cropped Soil. 
Bulletin of Environmental Contamination and 
Toxicology, 80, 74–77.

Al-Hebshi, N.N. and Skaug, N. 2005. Khat (Catha edu-
lis): an updated review. Addiction Biology, 10(4): 
299–307.

Al-Motarreb, A., Al-Habori, M. and Broadley, K.J. 
2010. Khat chewing, cardiovascular diseases 
and other internal medical problems: The cur-
rent situation and directions for future research. 
Journal of Ethnopharmacology, 132: 540–548.

Alvi, A., Rizwan, M., Al-Sunosi, R. and Jerah, A.B.A. 
2014. Does khat chewing increases the risk of 
Mycobacterium tuberculosis infection by macro-
phage immune modulation? Medical Hypothe-
ses, 82: 667–669.

Anastassiades  M., Lehotay, S.J., Stajnbaher, D.  and 
Schenck, F.J. 2003. Fast and easy multiresidue 
method employing acetonitrile extraction/par-
titioning and “dispersive solid-phase extrac-
tion” for the determination of pesticide resi-
dues in produce. Journal of AOAC International, 
86(2): 412-31.

Bakirci, G.T., Acay, D.B.Y., Bakirci, F. and Otles, S. 2014. 
Pesticide residues in fruits and vegetables from 
the Aegean region, Turkey. Food Chemistry, 160: 
379–392.

Bongar S., Nakajima, M. and al’Absi, M. 2015. Khat 
chewing and acculturation in East-African mi-
grants living in Frankfurt am Main/Germany. 
Journal of Ethnopharmacology, 164: 223–228.

Chahil, G.S., Mandal, K., Sahoo, S.K., Battu, R.S. and 
Singh, B. 2014. Risk assessment of β-cyfl uthrin 
and imidacloprid in chickpea pods and leaves. 
Ecotoxicology and Environmental Safety, 101: 
177–183.

Codex Alimentarius. 2015. International Food stand-
ards, WHO and FAO. http://www.codexalimen-
tarius.org/standards/pestres/pesticides/en (Ac-
cessed on January  07, 2016).

Daba, D., Hymete, A., Bekhit, A.A., Mohamed, A.M.I. 
and Bekhit, A.E.A. 2011. Multi Residue Analysis 
of Pesticides in Wheat and Khat Collected from 
Diff erent Regions of Ethiopia. Bulletin of Environ-
ment Contamination and Toxicology, 86: 336–341.



© Benaki Phytopathological Institute

Al-Rajab et al.58

Date, J., Tanida, N. and Hobara, T. 2004. Qat chewing 
and pesticides: A study of adverse health eff ects 
in people of the mountainous areas of Yemen. 
International Journal of Environmental Health Re-
search, 14(6): 405-414.

EC (European Commission). 2005. Regulation (EC) 
No 396/2005 of the European Parliament and of 
the Council of 23 February 2005 on maximum 
residue levels of pesticides in or on food and 
feed of plant and animal origin and amending 
Council Directive 91/414/EEC, 47 pages. Brus-
sels, Belgium.

European Commission. 2007. Method Validation 
and quality control procedures for pesticides 
residues analysis in food and feed. Document 
No. SANCO/3131/2007, Brussels, Belgium. 

EMCCDA. 2016. European Monitoring Centre for 
Drugs and Drug Addiction web site <http://
www.emcdda.europa.eu/publications/drug-
profi les/khat>, January 2016

Fujita, M., Yajima, T., Tomiyama, N., Iijima, K. and 
Sato, K. 2014. Comparison of pesticide residue 
levels in headed lettuce growing in open fi elds 
and greenhouses. Journal of Pesticide Science, 
39(2): 69–75.

Gambacorta, G., Faccia, M., Lamacchia, C., Di Luc-
cia, A. and La Notte, E. 2005. Pesticide residues 
in tomato grown in open fi eld. Food Control, 16: 
629–632.

Gebissa, E. 2010. Khat in the Horn of Africa: Historical 
perspectives and current trends. Journal of Eth-
nopharmacology, 132: 607–614

Global MRL Database. 2015. https://www.globalmrl.
com/db#query (Accessed on October 11, 2015).

Gupta, M. and Shanker, A. 2008. Persistence of aceta-
miprid in tea and its transfer from made tea to 
infusion. Food Chemistry, 111: 805–810.

Gupta, M., Sharma, A. and Shanker, A. 2008. Dissi-
pation of imidacloprid in Orthodox tea and its 
transfer from made tea to infusion. Food Chem-
istry, 106: 158–164.

Hassan, A.A., Abdullah, S.M., Khardali, I.A., Shaikhain, 
G.A. and Oraiby, M.E. 2013. Evaluation of pesti-
cides multiresidue contamination of khat leaves 
from Jazan region, Kingdome Saudi Arabia, us-
ing solid-phase extraction – gas chromatogra-
phy/mass spectrometry. Toxicological & Environ-
mental Chemistry, 95(9): 1477-1483.

Itoiz, E.S., Fantke, P., Juraske, R., Kounina, A. and 
Vallejo, A.A. 2012. Deposition and residues of 
azoxystrobin and imidacloprid on greenhouse 
lettuce with implications for human consump-
tion. Chemosphere, 89: 1034–1041.

Katz, D.P., Bhattacharya, D., Bhattacharya, S., Deruiter, 
J., Clark, C.R., Suppiramaniam, V. and Dhanaseka-
ran, M. 2014. Synthetic cathinones: “A khat and 
mouse game”. Toxicology Letters, 229 : 349–356.

Kausar, A., Sarbani, G., Prasenjit, R. and Anirudha, G. 
2014. Changes in buccal micronucleus cytome 

parameters associated with smokeless tobacco 
and pesticide exposure among female tea gar-
den workers of Assam, India. International Jour-
nal of Hygiene and Environmental Health, 217: 
169–175.

Malhat, F.H. Watanabe, H. and Youssef, A. 2015. Deg-
radation profi le and safety evaluation of meth-
omyl residues in tomato and soil. Hellenic Plant 
Protection Journal, 8: 55-62.

Nakajima, M., Dokam, A., Alsameai, A., AlSoofi , M., 
Khalil, N. and al’Absi, M. 2014. Severity of khat 
dependence among adult khat chewers: The 
moderating infl uence of gender and age. Jour-
nal of Ethnopharmacology, 155: 1467–1472.

Numan, N. 2012. The green leaf: khat. World Journal 
of Medical Sciences, 7: 210-223.

Park, J.Y., Choi, J.H., Kim, B.M., Park, J.H., Cho, S.K., 
Ghafar, M.W., Abd El-Atyd, A.M. and Shim, J.H. 
2010. Determination of acetamiprid residues in 
zucchini grown under greenhouse conditions: 
application to behavioral dynamics. Biomedical 
Chromatography, 25: 136–146.

Pramanik, S.K., Bhattacharyya, J., Dutta, S., Dey, 
P.K. and Bhattacharyya, A. 2006. Persistence of 
acetamiprid in/on mustard (Brassica juncea L.). 
Bulletin of Environment Contamination and Tox-
icology, 76: 356–360.

Reeve, M.W., O’Connell, L.P., Bissell, S. and Ross, J. 
1992. Characterization of Methomyl Dissipation 
on Grape Foliage. Bulletin of Environment Con-
tamination and Toxicology, 49:105-111.

Sanyal, D., Chakma, D. and Alam, S. 2008. Persist-
ence of a Neonicotinoid Insecticide, Acetami-
prid on Chili (Capsicum annum L.). Bulletin of 
Environment Contamination and Toxicology, 81: 
365–368.

Sharma, S. and Singh, B. 2014. Persistence of imida-
cloprid and its major metabolites in sugarcane 
leaves and juice following its soil application. 
International Journal of Environmental Analytical 
Chemistry, 94(4): 319-331.

The Misuse of Drugs (Designation) (Amendment) 
(No. 2) (England, Wales and Scotland) Order 
2014. legislation.gov.uk. Retrieved 28 June 2014.

Tomašević, A., Mijin, D. and Kiss, E. 2010. Photo-
chemical Behavior of the Insecticide Methomyl 
Under Diff erent Conditions. Separation Science 
and Technology, 45(11): 1617-1627.

Van Scoy, A.R., Yue, M., Deng, X. and Tjeerdema, 
R.S. 2013. Environmental Fate and Toxicology 
of Methomyl. In Reviews of Environmental Con-
tamination and Toxicology, Reviews of Envi-
ronmental Contamination and Toxicology 222, 
D.M. Whitacre (ed.), DOI 10.1007/978-1-4614-
4717-7_3, © Springer Science+Business Media 
New York 2013.

Received: 12 November 2015; Accepted: 7 January 2016



© Benaki Phytopathological Institute

Persistence of insecticides in qat leaves 59

Υπολειμματικότητα imidacloprid, acetamiprid και methomyl 
σε φύλλα του φυτού Catha edulis

A.J. Al-Rajab, A.M. Alhababy και T. Alfaifi 

Περίληψη   Η μάσηση των φύλλων του φυτού Catha edulis αποτελεί συνήθεια σε καθημερινή βάση πε-
ρίπου 10 εκατομμύριων ανθρώπων σε διάφορες χώρες. Στην παρούσα μελέτη διερευνήθηκε η υπο-
λειμματικότητα των πλέον χρησιμοποιούμενων εντομοκτόνων σκευασμάτων στην καλλιέργεια του 
φυτού (δραστικές ουσίες imidacloprid, acetamiprid και methomyl). Τα εντομοκτόνα εφαρμόστηκαν 
ξεχωριστά σε πειραματικά τεμάχια των δέκα φυτών στις συνιστώμενες δόσεις εφαρμογής. Συλλέχθη-
καν δείγματα φύλλων 1 ώρα μετά την εφαρμογή και 1, 3, 7, 12, 19, 26 και 37 ημέρες μετά την εφαρμογή. 
Ο προσδιορισμός των υπολειμμάτων πραγματοποιήθηκε με τη χρήση υγρής χρωματογραφίας σε συν-
δυασμό με φασματομετρία μάζας τριπλού τετραπόλου (LC -MS/MS). Οι χρόνοι ημίσειας ζωής των im-
idacloprid, acetamiprid και methomyl ήταν 12.2, 11.7 και 5.1 ημέρες, αντίστοιχα. Συνολικά, τα αποτελέ-
σματα έδειξαν ότι οι ουσίες imidacloprid και acetamiprid παρουσίασαν μεγαλύτερη υπολειμματική δι-
άρκεια σε σύγκριση με το methomyl στα φύλλα του φυτού. Λαμβάνοντας υπόψη τα ανώτατα όρια υπο-
λειμμάτων (MRL) στο μαρούλι, λόγω απουσίας MRL σε φύλλα του ιδίου φυτού, oι συγκεντρώσεις υπο-
λειμμάτων ήταν κάτω από τα MRL για το imidacloprid, 7 ημέρες μετά την εφαρμογή, και 1 ημέρα μετά 
την εφαρμογή για το acetamiprid και τo methomyl.

Hellenic Plant Protection Journal 9: 51-59, 2016
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