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ABSTRACT
BACKGROUND: Khat chewing habit is widespread with a deep-rooted socio-cultural tradition in the southern west region of Saudi Arabia
and as such poses a public health problem. Use of pesticides is considered to be indispensable practice for the production of adequate food
supply for the increasing world population and the control of insect borne diseases. Thus, pollution of the environment with pesticides as
well as the pesticides entry into the food chain is unavoidable especially in most of developing countries. OBJECTIVE: Our objective of the
current study was to detected the possible pesticides multi-residues contamination of the chewable parts of khat arrested during smuggled
into Kingdom Saudi Arabia (unknown origin) and suppose to be consumed in Jazan region. METHODOLOGY: A total of 50 khat leaves
samples were extracted using QuEChERS method followed by GC/MS analysis. Standard pesticides mixture containing 69 pesticides used
in our analysis in addition to Triphenyl Phosphate (TPP) as an internal standard. RESULTS: Eight pesticides residues were detected and
quantified in 42 / 50 samples ( 82% ) where Lambda-Cyhalothrin and Penconazole were the most abundant pesticides detected ( 22 / 50
samples; 44% ) while Trifloxystrobin was detected in only 1 sample ( 2% ). Five of the pesticides detected were above MRLs ( Maximum
Residue Limits ) while Carbaryl, Keroxime-methyl and Trifloxystrobin were below MRLs. The results of our study necessitate the need for
awareness creation among people in our community. CONCLUSION: It could be concluded that chewing khat grown with chemical
pesticides may cause considerable adverse health effects in khat users.
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INTRODUCTION
Khat ( Catha edulis ) leaves are chewed daily by a high proportion of the adult population in Yemen,
southern west region of Saudi Arabia and Eastern part of Africa. Cathinone is believed to be the main active
ingredient in fresh khat leaves and is structurally related and pharmacologically similar to amphetamine. The
habit of khat chewing is widespread with a deep-rooted socio-cultural tradition in these regions and as such
poses a public health problem [1].
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Fresh leaves of Khat contain two psychoactive constituents which are the stimulant cathinone and cathine.
These two compounds act on two main neurochemical pathways- dopamine and noradrenalin. It has been
suggested that cathinone, like amphetamine, releases serotonin in the CNS. Both these substances induce the
release of dopamine from CNS dopamine terminals thereby increasing the activity of dopaminergic pathways
[2].
Pesticides are widely used to protect plant and crop in agriculture from pests and plant diseases. There are
different categories of pesticides such as insecticides, fungicides, and herbicides. The European Union reported
in 2010 that 208,000 tons of pesticides were used which are biologically active with specific inherent toxicity
[3].
With the migration of khat users from Africa and Southwestern part of Arabian peninsula, several health
problems have been expanded to different countries around the world [4,5]. Recent study suggested that
currently 20 million people regularly used khat worldwide. Khat chewing is known to cause serious health
problems [6].
Furthermore, the usage of pesticides been accompanied by human health risk and the environmental
contamination because of their toxicity. As well, the chronic effect of pesticides exposure resulted in
carcinogenic, genotoxic effects and endocrine disturbances [7].
Recently, use of pesticides has been increased. Therefore, there are many legal limits for pesticides
residues in the plants which set by the European Commission (EC) and United Stated Department of
Agriculture to control pesticides usage who has reported that three million pesticide poisonings occur annually
and result in 220,000 deaths worldwide. In public health safety and trade, pesticide residue determination in all
food products, especially in raw vegetables and fruits, is a very demanding task [8].
One of the most global obstacles that there are no fixed limits on pesticides use. Also, a basic conflict
between exporting and importing countries [9]. Furthermore, the low concentration of pesticides and the
excessive amount of interfering substances and adversely affect the analysis results [10].
Therefore, efficient analytical methods required to determine the pesticides residue limit. The Quick, Easy,
Cheap, Effective, Rugged and Safe (QuEchERS) method is considered one of the most efficient multi-residue
analytical technique including wide polarity range. The QuEChERS method replaces many complicated
analytical steps which conducted in the traditional methods. This method is relying on an extraction with
acetonitrile and partitioning with salt [11].
First published data about QuEchERS for pesticide extraction was in 2003 [11]. It is used for all food stuff
[12] and others like soil [13]. There are various applications for QuEchERS in the field rather than pesticides
including, pharmaceutical uses (drug analysis; hormones and steroids), mycotoxin analysis and environmental
studies of toxic compounds such as acrylamide [14,15].
The QuEchERS method is the most successful routine lab test and famous for more than ten years. It
requires few steps and minimum solvent in comparing with conventional sample preparation techniques. It is
characterized by 95% recovery range and repeatability of <5%, and cost-effective strategy (<30 min and $1 per
sample). It was recommended to be used in international standard methods such as the AOAC official method
2007.01 and the CEN's, European Committee for Standardization, standard method EN 15662 [16].
Several reviews on the adverse health effects of chewing khat documented negative health impact of the
active compounds in khat and in some cases in association with smoking (commonly used in khat chewing
sessions) but did not account the role that may be contributed by pesticides [17]. For instance, Malathion has
been reported to produce chromosomal aberrations and micronuclei in experimental animal studies, and
immune system alterations at a subclinical level [18,19]. Daba et al. (2011) found that khat samples collected
from different places in Ethiopia contained some pesticides residues such as DDT and Diazinon [20].
MATERIAL AND METHODS
Study area:
Jazan City, South Province of Saudi Arabia.
Sampling:
As a total, 50 samples of the chewable parts of khat arrested during smuggled into Kingdom Saudi Arabia
were randomly selected during the period January – April, 2016.
Sample processing;
The selected fresh chewable part (20 g) from each sample was homogenized in a blender. Then, 10 grams
of the homogenate were weighed in 50 ml falcon tubes. Acetonitrile solution (15 ml) was added to each sample
and vortexed vigorously for 2 minutes.
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Internal standard and QuEChERS powder kit (UCT, USA) was added to each tube slowly and vortexed for
more 2 minutes. Then, all samples were centrifuged at 3000 rpm for 5 minutes. The supernatant (organic layer)
was transferred to chlorophyll clearance tubes (UCT, USA), then vortexed for 30 seconds and centrifuged at
3000 rpm for 5 minutes. The clear solution was finally transferred to GC vials for analysis.
Standard Solutions:
A standard mixture solution of 69 pesticides was used in our study which was given as a gift from Dr.
Mohammed Al Tufail, Head of Toxicology Lab, KFSHRC. Triphenyl Phosphate (TPP) was used as internal
standard in a concentration of 500 ng/ml. For quantitative analysis, a calibration curve was prepared by using
standard mixture solutions prepared in four concentrations (100, 500, 1000, 2000 ppb).
GC-MS Analysis:
All samples were analyzed by GC/MS instrument manufactured by Shimadzu (Model GCMS-QP2010
Ultra) using Rxi®-5ms (fused silica) capillary column (30 m - 0.25 mm ID, 0.25 ml film thickness, low polarity
phase; Crossbond® diphenyl dimethyl polysiloxane). Helium gas was used as the carrier gas at a flow rate of 1
ml/min. A volume of 2 µl mixture of standard or sample extract was injected in a split mode.
The injection port was set at a temperature of 270°C, and the temperature of the oven was initially held at a
temperature of 70°C for 1 min. Then it was ramped to 190°C at a rate of 30°C/min, and finally at 10°C/min to
300°C (held for 5 min). The mass spectrometer was operated with an electron ionization (EI) source in the
selected ion monitoring mode. The electron energy was 70 eV and the ion source, and the interface temperature
was maintained at 240°C and 210°C, respectively. The electron multiplier voltage was 1 kV, and the solvent
delay was set to 15 min.
RESULTS AND DISCUSSION
Our results revealed a detection of 8 different pesticides residues in all khat samples collected. The
average concentration ranged from 28 ± 8 µg/Kg for Keroxim-methyl to 1104 ± 488 µg/Kg for
Lambda-Cyhalothrin pesticides. Five of the detected pesticides exceeded MRLs which are Penconazole,
Triademinol, Tebuconazole, Bifenethrin and Lambda-Cyhalothrin. On the other hand, Carbaryl,
Keroxim-methyl and Trifloxystrobin levels were below MRLs ( Table 1, Figure 4 ).
Quantitative estimation of pesticides residues detected in khat samples were done using a calibration
curve prepared from standard mixture of pesticides 100, 100, 500 and 2000 μg/kg (ppb) as well as the specific
target ions for each pesticide (Figure 1). The R and R2 values were not less than 0.998 and 0.997, respectively.
Lambda-Cyhalothrin and Penconazole were detected in 22 / 50 samples tested ( 44% ) while Bifenthrin
and Carbaryl were found to contaminate 17 (34%) and 15 (30%) of all samples, respectively. Only one
sample was contaminated by Trifloxystrobin representing 2% of all samples ( Figure 2, 3 ).

Fig. 1: Quantitative determination of pesticides detected in all samples depending on calibration curve
prepared and the target ions specific for each pesticide ( Diazenone & Kresoxim – Methyl ).
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Table 1: Quantification data of pesticides residues detected in all khat samples as µg/Kg ( ppb ).
m/z

RT
( min. )

Main Ion

Conc. ( ppb ) Mean ± SD
( Positive Samples; % )

MRLs#
( ppb)

Carbaryl

7.378

116

125 ± 28
( 15; 30% )

500

Penconazole

159

161

449* ± 209
( 22; 44% )

300

112

57

168

260* ± 308
( 6; 12% )

200

15.006

116

131

206

28 ± 8
( 7; 14% )

100

Trifloxystrobin

16.165

116

131

59

41 ± 0
( 1; 2% )

300

Tebuconazole

16.992

125

70

83

392* ± 215
( 11; 22% )

100

Bifenthrin

17.413

181

166

165

194* ± 151
( 34; 68% )

100

Lambda - Cyhalothrin

18.464

181

197

208

1104* ± 488
( 22; 44% )

300

Pesticide Name

2nd Ion

3rd Ion

144

115

13.606

248

Triadimenol

13.845

Kresoxim-methyl

# Maximum R esidue Limits
* Above MRLs

The increased prevalence of smoking, hypertension and diabetes may play a vital roles in the
development of cardiac diseases like heart failure which make it difficult to determine the effect of khat
[21,22]. A recent study revealed the effects of concurrent tobacco and khat use and suggested that the adverse
effects of khat use may lie in its association with tobacco use [6].
The application of pesticides by farmers for better khat production result in exposure of khat chewers to
different residues of pesticides which was found to be another risk factor for cardiac complications among
khat users [23]. The presence of pesticides in khat was implicated in the inhibition of serum acetyl
cholinesterase activity and may contribute to the presence of high levels of free radicals [24]. Another study
showed that the production of oxidants may be due to khat use. These oxidants are responsible for reduction
in antioxidant defense system [25].

Fig. 2: Frequency of individual pesticides residues detected in all samples tested.
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Chewing khat leaves without any cleansing (such as washing, soaking in hot water, or thermal treatments),
which is the traditional way of using the product, may lead to higher exposure to pesticides. Furthermore, it has
been reported that khat farmers do not follow the safety instructions. For example, a substantial proportion of
khat farmers in Yemen ignored the required period to harvest after the last spraying. Al-Haj et al. (2005)
reported that 50% of farmers interviewed stated that a period of 7–10 days was required between harvesting khat
and the last spraying, and that half of the farmers said that the period should be 10–20 days [26].
A recent study from Ethiopia indicated that some khat farmers harvested a recently sprayed khat for sale
and self-consumption, potentially putting themselves and their consumers at higher risk of oral exposure to and
ingestion of pesticides. Some khat farmers prefer to use higher doses of pesticides than that recommended on
the label 27. For example, previous study reported that 40% of the farmers restricted their use to concentrations
of pesticides on the label, but 60% did not follow the instructions. Khat harvesting during the waiting period
after pesticide application and the use of high pesticide concentrations for spraying will accordingly increase the
amount of pesticide residues on khat [26].

Fig. 3: Percentage of detected pesticides residues in all samples tested.

Fig. 4: Average concentration of quantified pesticides residues expressed as µg/kg ( ppb ).
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Another study conducted in 2009 investigated the presence and level of pesticide residues in khat samples
collected from various parts of Ethiopia [27]. The khat samples had pp'-DDT concentrations ranging from 141.2
to 973.0 μg/kg. Maximum concentrations were found between 240 and 1200 times the European Union
maximum recommended levels for DDT in food (vegetables 10 μg/kg, and cereals 50 μg/kg).
In conclusion. It is clear that most of khat samples tested in this study are contaminated by at least one
pesticide which may contribute to possible health problems among chronic khat chewers. Pesticides may lead
to pathologic changes in oral cavity and as well may induce production of reactive oxygen species and free
radicals. Further study is needed to understand the possible effect of pesticides in chronic khat users.
Recommendation:
Creation a governmental program to design regulations for permanent monitoring and control of using
pesticide in agriculture. We recommend routine pesticides screening regimens to be performed on regular
periods to monitor control and minimize uncontrolled pesticides usage in agriculture.
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