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Abstract
The field experiment was carried out at the greenhouse of the Department of Plant Protection College of Agricultural
Engineering Science University of Baghdad in Jadriya. It was conducted on the fruits of pepper plant of Carisma in HPLC
liquid chromatography method (QuEchERS) and all the Laboratory experiments were conducted to analyze residues of
Imidacloprid in the Laboratories of the National Center for Pesticides Control The Ministry Agriculture / Baghdad –Abu
Ghreb. The results showed that the highest rate of insecticide recovery was 95%, and the highest level of dissipation curve
after 4 days of spraying reached (137 mg/kg) and then began to decline to (0.7 mg/kg) after 8 days below the MRLs limits for
insecticide residues, and then decreased in the samples taken on the ninth, tenth, eleventh, twelfth, thirteenth, and fourteenth
day as it reached ( 0.5, 0.2, 0.08, 0.03, 0.009, 0.007 mg/kg) respectively, and reached less than MRLs on pepper plant Carisma.
This study showed that the Imidacloprid applicate is safe for the human consumes after 8 days and completely in the twentyfirst and twenty-eighth days concentrations respectively they were 0.00 mg/kg and 0.00 mg/kg of spraying.
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Introduction
Pepper is one of the most popular spices in the world,
and it is a highly antioxidant product containing vitamin
C, carotenoids and other essential or beneficial nutrients
(Khoshgoftarmanesh et al., 2009). Due to its multiple
uses and unique colors, fresh pepper is consumed
worldwide (Ozkan, Bindak, Erkmen, 2015). Peppers are
plants grown in Iraq in an agricultural way protected in
greenhouse at the beginning of autumn (Jafar, 2017). The
conditions in the greenhouses causes significant highly
increase in temperature and high humidity that help to
cause diseases plants, and crop plants grown by insect
and nematode injuries. Pepper is infected with many
insect pests such as aphids, thrips, and other insect pests,
35 pests are recorded on pepper plants such as Aphid
Cotton ( Aphis gossypii Glover) which is one of the most
important pests of pepper plants (Sorensen, 2005). It
requires the use of insecticides to high concentrations
and lack of commitment by farmers to the pre- harvest
interval leading to the accumulation of insecticides
residues in crops, Fruits are most suitable to insecticides
residues because they are eaten fresh, followed by fresh
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vegetables, followed by cooked vegetables and cooked
grains. Monitoring the chemical insecticides in field crops
in greenhouses is useful to identify the dangers of
intensive insecticides use and to raise awareness of the
need to adhere about the dangers of insecticides residues
in peppers. Many chemical insecticides have been used,
and the most important insecticides used are systemic
insecticides that belong to the group of neonicotinoid
insecticide such as Imidacloprid after the emergence of
the problem of resistance to insects absorbing insects
pests such as aphids of all kinds, especially (Aphis
gossypii) aphid cotton for many insecticides such as
pyrethroids and the organic phosphorus field crops
infected by aphid cotton insects in Texas and Alabama
farms in United States and Australia (Herron et al., 2000).
Imidacloprid is a wide-spread systemic insecticide used
against many agricultural insects pests, including aphids
and gloves (Sangamithra et al., 2018; Huang et al., 2019).
It was discovered that the excessive use of chemical
insecticides in the control of insect pests led to the
emergence of many environmental and health problems
as the case with the studies on most vegetable crops that
were controlled by various insecticides to the presence
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of quantities and concentrations of insecticides higher
than the limits allowed globally (MRLs) and sometimes
within the limits allowed but most times it is higher than
the permissible limits and these ranges change from
country to another according to the rates of daily food
consumption of peoples which is called residues of
insecticides and found residues of many insecticides
Imidacloprid on agricultural crops, including pepper plant
(Jodeh et al., 2016). These chemicals are toxic and
harmful and affect the metabolic activities of humans
negatively, which reflect the health of humans who eat
vegetables containing residues of agricultural insecticides,
especially when consumed fresh, as they are estimated
by many methods, the most important method is
QuEChERS, and it is the best way to detect systemic
insecticide such as Imidacloprid in vegetables on pepper
plant (Eun - Kyung et al., 2013). Therefore, this study
aimed to estimate the residue of Imidacloprid on the fruits
of pepper plant in the greenhouse.

Materials and Methods
Greenhouse Experiment
A field trail was conducted during (December 2018)
at the greenhouses of the Plant Protection Department /
College of Agricultural Engineering Science / University
of Baghdad, and it is was carried out on pepper plant of
the charisma / an area of greenhouse was (125) m2. All
the experiment was laid out in Randomized Complete
Block Design (RCBD) with 3 replicates each
experimental plot was 3m×4m and was separated by drip
irrigation system by three replications per treatment, the
length of the center is 3m and the distance between one
center and another is 75cm and between a plant and
another 40cm. The species Carisma was distributed
randomly within each sector and placed in each bis 30
seedlings and each flag with a specific symbol of the
function on the species taking into account all the
recommended agricultural operations.
Insecticide Spraying and Sampling
The field trial was performed in a greenhouse at a
research station affiliated to the Department of Plant
Protection, College of Agriculture Engineering Sciences
/ University of Baghdad, Iraq in (April - 2019). The plants
from which the samples will be collected were marked
by marking and a sample was collected for comparison
before spraying. The spraying was carried out using the
concentration recommended by the producing company
at 5ml /10 liters of water. Dated 3/4/2019. Samples were
collected according to the schedule in table 1 and time of
collected fruits sweet pepper were at 9am fruits were
taken 3kg in each samples in the Sweet Pepper cultivar

used was Carisma (the seeds from fito seed company,
Spain). The fruits was collected from plants before
spraying the Insecticide and was sprayed once using
(imidacloprid 200SL). It was applied at the dosage
recommended by regulation guidelines (5ml / 10L). The
samples were collected randomly from the lower, middle,
and upper rows of plant and transported to the laboratory
by polyethylene plastic bag (Chavarri et al., 2004).
Moreover, control samples (without any processing) were
taken in each step to compare the results (Table 1).
Table 1: Collecting pepper fruits before and after Imidacloprid
spraying.
Date
3/4/2019
3/4/2019
4/4/2019
5/4/2019
6/4/2019
7/4/2019
8/4/2019
9/4/ 2019
10/4/2019
11/4/2019
12/4/2019
13/4/2019
17/4/2019
24/4/2019
1/5/2019

Period of the sample taken/
hours and days
Before spraying the insecticide one hour
/the control sweet peppers 2.5-3 kg
After spray 2 hours
After spray 1 day
After spray 2 day
After spray 3 day
After spray 4 day
After spray 5 day
After spray 6 day
After spray 7 day
After spray 8 day
After spray 9 day
After spray 10 day
After spray 14 day
After spray 21 day
After spray 28 day

Extraction
The QuEChERS method (quick, easy, cheap
effective, rugged, and safe) was used for the extraction
of imidacloprid from the cucumber samples (AOAC 2007;
Anastassisdes, et al., 2003). 10gm of homogenized
sample of the fruits pepper was placed into a 50ml
centrifuge tube with 10 ml of ACN, then at vortex for 5
minutes to ensure that the solvent is interacted well with
the entire sample. Then, 4. 0 gm of anhydrous MgSO4 ,
and1 gm (C 6H5Na 3O 7 . 2H 2 O) and 0.5 gm
(C6H6Na2O 7.1. 5H2O) and 1 gm of NaCl was added
repeating the shaking process for 1 minute to prevent
coagulation of MgSO4, and put in centrifuge 3500 rpm /
5 min, the upper layer was cleaned by dispersive solid phase extraction with 0. 5 g of primary secondary amine
and 150 mg of anhydrous MgSO4. The mixture was then
shaken for 1 minute and centrifuged for 5 minutes at
3500 rpm. Then, the extract was cleaned with a 0.45um
filter and, then this solution were injected into HPLC.
Weights of the following buffer salts in this
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experiment extraction by using QuEChERS method
(4) gm Magnesium Sulfate Anhydrous (MgSO4)
(1) gm Sodium Citrate Dihydrate (C6H5Na3O7.
2H 2 O) (0.5) gm Di Sodium Hydrogen Citrat
Sesquihydrate (C6H6Na2O7.1. 5H2O)
(1) gm Sodium Clorid (NaCl )
Chemicals, Reagents and Apparatus
Analytical standard imidacloprid (99. 5% purity)
Dr. Ehrenstrofer / Germany and Imidacloprid (200
SL) systemic insecticide from local market, rate of
application: 5ml/10L water from Bayer company
(Germany), Acetonitrile (ACN) (liquid
chromatography grade) Anhydrous magnesium
sulphate (MgSO4), and water ionized (HPLC grade)
from ROMIL company (England), Sodium chloride
(NaCl) (99. 5% purty) were purchased from Sigma Aldrich (Germany) and primary secondary amine (
PSA) was provided by Agilent Technology. HPLC
(CTO - 20AC) Shimadzu Corporation Kyoto, Japan.
HPLC Conditions
The HPLC (model Shimadzu LC - 20AD Koyto,
Japan) equipped with an UV detector at a wavelength
of 230 nm and Waters column C18 25 mm x 4. 6 mm
was used to measure imidacloprid residue with the
mobile phase of acetonitrile / water (10/90v/v) with
flow rate was 0.55 ml / min, and total flow= 1 ml/min,
end time = 10 min Oven temperature was 40 C and
last injection volume was, L 5 micro letters.
Recovery Efficiency
The purpose of recovery efficiency is to verify
that the extraction method is suitable for the
determination of the insecticide Imidadacloprid and
to determine the efficacy of the extraction method
used in the experiment by taking three different
concentrations of the standard active ingredient
Standard Imidadacloprid (200, 12.5, 1.56 mg/kg).
Active substance is produced by laboratories Dr.
Ehrenstorfer GmbH / Germany, placed in a 10 ml
Volumetric Flask glass tube added to the models of
unsprinkled pepper fruits to control the weight of
pepper 10g, and then left for two hours after the
extraction and purification process was carried out
in all its steps as in the method used to extract the
insecticide Pepper using QuChERs method and
making five replicates for each sample and the
replicates of each model were injected into the HPLC
and the area extraction for each model (5 replicates)
was then taken and the rate was placed on a calibration
curve to calculate the concentrations and use the
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Excel program programmed with the HPLC device to
calculate the recovery efficiency. The concentrations were
calculated from the program and were respectively (190, 11,
1.3mg/kg) using recovery efficiency equations equal to the
extracted concentration of the insecticide divided by the
concentration Standard information 100 times. (Lesueuretal
et al., 2008).
Recovery efficiency =

extracted concentration
 100
concentration S tan dard inf ormation
Study of the Analysis of Residues of Imidadacloprid on
the Fruits of Sweet Pepper (Carisma) Capsicum annum
Preparation of the standard solution of the insecticide
Imidadacloprid Vegetable standard solution volume of 50 ml
at a concentration of 400 mg/kg of the standard substance
of the insecticide Imidadacloprid and stored in the refrigerator
at a temperature of 4 m away from light. All laboratory
experiments were carried out in the laboratories of the
National Center for Residues Pesticides Control / The Ministry
Agriculture of Iraq/Baghdad –Abu Gareeb.
Preparation of Standard Curve Solutions.
Preparing a standard solution is to make the standard
curve in the volume of 50 ml at a concentration of 400 mg/kg
of the standard substance of the insecticide Imidacloprid and
kept in the refrigerator at a temperature of 4 m away from
light. The concentrations of solutions prepared from the
standard solution were (100, 50, 0, 78, 1, 56, 6, 25, 12, 5, 25,
0, 19, 0). The purpose of the preparation of these solutions
was to find out the coefficient of correlation between the
calibration curve points and the retention time (the time when
the representative top of the insecticide appears on the
datasheet and the LOD limit), which is the minimum amount
of Standard solutions that can be detected in an HPLC (LOQ)
are the minimum amount of material required in the sample
that can be quantified The injection process was repeated
twice for each concentration and LOD, LOQ and half-life
were calculated according to Al Kraawi (2018) from the
following equations: LOD = 3 × (sd/slope) LOQ = 10 × (sd/
slope) Sd: Standard error, slope: represents the regression
coefficient.

Results and Discussion
The Calibration Curve of Imidacloprid
The results showed that the Imidacloprid standard
calibration curve of the first degree straight line formula which
reflects the relationship between the insecticide concentration
(mg / kg) and the peak area shown in the datasheet was (=
0.9949). (The calibration curve was used to determine the

2070

Shahad A. Jawad and Feryal B. Hermize

detection limit (LOD) and had a value of 0.003 mg/kg).
The quantitative estimate limit (LOQ) was calculated and
its value (0.1 mg/kg). The ability of HPLC to detect low
insecticide concentrations, and LOD and LOQ are
essential elements for verifying the efficiency of the
method. It has been shown from the above values that
the device is able to estimate the insecticide residues to a
high degree (Yadav and Bharkatiya, 2017).

the rate for five replicates of the three concentrations
(200, 12.5, 1.56) mg/kg and this falls within the acceptable
range in the analytical method that is (70 - 120)% (Zhao
et al., 2014) which confirms that the extraction method
used in this study is highly efficient and acceptable in the
recovery of the insecticide from the fruits of pepper.

Recovery Efficiency

The sample of commercial model of Imidacloprid was
analyzed in HPLC analysis and separation device which
was analyzed to retention time; Retention Time to find

The recovery rate of Imidacloprid ranged from
pepper fruits respectively was (83, 95, 88) % after taking

Imidacloprid Residues in Pepper Fruits through
Retention Time.
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out whether the retention time of the standard active
ingredient standard is matched with the retention time of
the sample of the commercial formulation used in the
experiment. The efficacy of the active ingredient in the
insecticide sample used in the experiment. The results in
Fig. 3 showed the time of retention of the active ingredient
for the commercial preparation. The user’s hand in the
experiment reached 4.779, It was compared to the time
of retention of the standard active ingredient Standard as
the concentration of 200 mg/kg was taken, and the time
of retention of the standard active substance of the
insecticide was (2) Imidacloprid/Slandered 4.805
compared to retention time, Imidacloprid Sample (4.778).
The results showed that the active ingredient of the
commercial sample was matched with the time of the
Imidacloprid retention in pepper fruits. 4.779 and
compared with the time of retention of the insecticide in
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pepper fruit samples, the concentration of 100mg/kg was
taken, as the time of retention in pepper fruits four days
after spraying 4.778 and the highest peak area of the
insecticide, the highest concentrations on the fourth or
fifth day after spraying.
Analysis of the insecticide model in the HPLC device
to extract retention time was adopted to determine the
extent of the retention time in pepper fruit samples with
the time of retention of the sample of the insecticide used
in the experiment. The results showed that there is a
match with the active substance of the imidacloprid, match
the time of retention of the insecticide in the fruits of the
pepper and that the retention time of the insecticide. The
commercial Sample Imidacloprid was taken from the
package of the insecticide used in the experiment reached
(4.779). It was compared with the retention time of
samples taken from pepper sprayed with insecticide and

Fig. 3: the Retention time of the Imidacloprid \ sample

Fig. 4: Time of retention of the pesticide used in the experiment in pepper samples after 4 days spraying with Imidacloprid.
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Fig. 5: Time of retention of the pesticide used in the experiment in pepper samples after 8 days spraying with Imidacloprid.

the time of retention in pepper fruits after spraying four
days (4.723). A decrease in the height and area of the
peak area can be observed, the lowest concentration of
the insecticide was on the eighth day after spraying.
A. Imidacloprid Dissipation Curve
The results of the experiment showed Fig. 6 the curve
of the fumigation of Imidacloprid in the fruits of pepper
after spraying at the recommended concentration during
the study period of 28 days. The rise from the first day
was 87 mg/kg to reach its highest level after 4 days of
spraying and reached ( 137 mg/kg ), then dropped on the
fifth day to (102 mg/kg) and reached after 8 days below
the permissible limits for the residues of Imidacloprid on
137
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Fig. 6: Imidacloprid dissipation curve
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the fruits of pepper, as amounted to zero. The pesticide
decreased in the samples taken on the ninth, tenth,
eleventh, twelfth, thirteenth and fourteenth days as it
reached ( 0.5 , 0.2 , 0.08 , 0.03 , 0.009 , 0.007 mg/kg)
respectively, completely finished on the twenty-first and
twenty-eighth days and the concentrations were
respectively (0.00 and 0.00 mg/kg) of the spray, as no
trace of the pesticide was detected in the HPLC. Jodeh
et al., (2016) found out that when analyzing pepper fruit
samples with the pesticide in HPLC, the Imidacloprid
fades really quickly. It reached its highest concentration
on the fourth and fifth days and being higher than MRLs,
they observed that the limit was deteriorated until it began
to decrease significantly on the sixth day until up to the
lowest concentration in the eighth or tenth days as it is
lower or within the MRLs. But sometimes it may continue
to exist at low concentrations in the fruits until the day 14
after spraying and that is attributed to the variation of
digestive enzymes and their activity in the analysis and
metabolism of the pesticide in the parts of the plant where
the presence in fruits less than the rest of its activity and
its presence in other parts. The results showed that the
amount of the pesticide after an hour of spraying was
higher than the permissible limits of the pesticide on
pepper and was comparable to the results of other studies
where the concentration of the pesticide in option (0.943
mg/kg) (Nasr et al., 2014), The initial concentrations of
the pesticide Imidacloprid varied in the option between
(1.80-1.586 mg/kg) (Lieli et al., 2016), while the amount
of the pesticide Imidacloprid in another experiment was
significantly higher than these levels. The remaining
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amount was more than (8.4mg/kg) when comparing
Imidacloprid with Abamectin in residues and dissipation
(Jodeh, 2016). The differences in the effects of
Imidacloprid in pepper fruits may be attributed mainly to
a number of factors including study conditions, surfaceto-mass ratio, the nature of the treated surface, the high
wax content of the fruit surface and the difference in
balance between lipophilic and hydrophilic substances
(Nasr et al., 2014). In a study conducted by Hussein
(2019) when studying the residues of the pesticide
Imidacloprid on the fruits of cucumbers, it was found
that the pesticide may need 10 days to fade to be a safety
period of 12 days.

References
Al-Kraawi, H.S.K. (2018). Using performance liquid
chromatography (RP-HPLC) for determination of herbicide
of pyroxulam residue in Iraq wheat plant and field soil.
M.Sc. thesis. College of Science/University of Baghdad.
Anastassiades, M., S.J. Lehotay, D. Štajnbaher and F.J. Schenck
(2003). Fast and easy multiresidue method employing
acetonitrile extraction/partitioning and “dispersive solidphase extraction” for the determination of pesticide
residues in produce. Journal of AOAC international,
86(2): pp.412-431.
AOCA Official Method (2007). pesticide residues in fods by
Acetonitrole Extraction and partitioning with Mgnesium
sulfate.
Chavarri, M.J., A. Herrera and A. Arino (2005). The decrease in
pesticides in fruit and vegetables during commercial
processing. International Journal of food science and
technology, 40(2): pp.205-211.
Eun-Kyung, S., K. Taek-Kyum, H. Su-Myeong, K. Hye-Yong,
Ji-Hyung, S. Kyung-Ae, K. Jang-Eok and K. Doo-Ho
(2013). Analysis of Systemic Pesticide Imidacloprid and
Its Metabolites in Pepper using QuEChERS and LC-MS/
MS. The Korean Journal of Pesticide Science, 17(4): 264270.
Fossen, M. (2006). Environmental fate of imidacloprid. California
Department of Pesticide Regulation, pp.1-16.
Hassan, Ahmed Abdel Moneim (1989). Al-Khudar Al-Thamria,
First Edition - Arab Publishing House Cairo. 391 pages.
Herron, G.K. Powis and J. Rophail (2000). Baseline studies and
prelimary resistance survey of Australian populations of
cotton aphid Aphis gossypii Glover (Homoptera:
Aphididae). Australian Journal of Entomology, 39: 3338.
Huang, F., H. Zhongping and Y. Fengming (2019). Influence of
Oilseed Rape Seed Treatment with Imidacloprid on
Survival, Feeding Behavior and Detoxifying Enzymes of
Mustard Aphid, Lipaphis erysimi. insects, 10: 144;
doi:10.3390/insects 1 0050 1 44. www.mdpi.com/journal/
insects.
Hussein, Hussein Alaa (2019). Study of residues of Oxymatrine
and Imidacloprid and some disposal methods on Cucumis

2073

sativus L. Master Thesis. College of Agricultural
Engineering Sciences / University of Baghdad. 64 p.
Jafar, Sinai Abdel Rahman (2017). The effect of the number of
sprinkles and foliar micronite 35 on growth and yield of
unheated Journal of Agricultural Sciences Glass House
inside annuaUT Ra Capsicum Iraqi, 48(1): 248-255.
Jodeh, S.S., M. Al Masri, O. Haddad, D. Hamed, R. Jodeh, S.
Salghi, Radi, J. Amarahl, F. El-Hajjaji and I. Warad (2016).
Evaluation of potential Residue of Imidacloprid and
Abamectin in Tomato, Cucumber and Pepper Plants after
Spraying using High Performance Liquid Chromatography
(HPLC). J. Mater. Environ. Sci., 7(3): 1037-1047.
Khoshgoftarmanesh, A.H., F. Aghili and A. Sanaeiostovar
(2009). Daily intake of heavy metals and nitrate through
greenhouse cucumber and bell pepper consumption and
potential health risks for human. International Journal of
Food Sciences and Nutrition, 60(1): 199–208.
Lesueur C., M. Gartner, A. Mentler and M. Fuerhacker (2008).
Comparison of four extraction methods for the analysis of
24 pesticides in soil samples with gas chromatography–
mass spectrometry and liquid chromatography–ion trap–
mass spectrometry. Talanta, 75(1): p.p.284-293.þ
Leili, M., A. Pirmoghani, M.T. Samadi, R. Shokoohi, G. Roshanaei
and A. Poormohammadi (2016). Determination of pesticides
residues in cucumbers grown in greenhouse and the effect
of some procedures on their residues. Iranian journal of
public health, 45(11): p.1481.
Nasr, H.M., M.A. Abbassy, M.A. Marzouk and A.S. Mansy
(2014). Determination of imidacloprid and tetraconazol
residues in cucumber fruits Journal of Pollution Effects
and Control, 2(1): 1-5.
Ozkan, A., R.O. Bindak and Erkmen (2015). Aflatoxin B (1) and
aflatoxins in ground red chilli pepper after drying. Food
Additives and Contaminants: Part B. Surveillance, 8(3):
227–233.
Poormohammadi, A. (2016). Determination of pesticides
residues in cucumbers grow in greenhouse and the effect
of some procedures on their residues. Iranian Journal o
public health, 45(11): p.1481.
Sorensen, K.A. (2005). Vegetable insect pest manegment.
www.ces.ncsu.edu/dept/ent/notes/Vegetables/ veg37.
htm1-11k.
Sangamithra, B., Vinoth Kumar, T. Manoharan, N.
Muthukrishnan and S.T. Rathish (2018). Evaluation of
bioefficacy, phytotoxicity of imidacloprid 17.1% SL against
plant and leaf hoppers and its safety to non-target
invertebrates in rice Journal of Entomology and Zoology
Studies, 6(1): 230-234.
Yadav, V. and M. Bharkatiya (2017). A Review on HPLC method
development and validation. Journal of life science
information publication, 2(6): 166-178.
Zhao, M.A., Y.N. Feng, Y.Z. Zhu and J.H. Kim (2014). Multi
residue method for determination of 238 pesticides in
chinese cabbage and cucumber by liquid chromatographytandem mass spectrometry comparison of different
purification procedure. Journal of agricultural and
foodchemistry, 62(47): 1 1449-11456.

