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Abstract: In Benin, synthetic insecticides are the main pest control option used by farmers to protect
and enhance their production. However, failures to control the target pests are often observed after
application and may be related to agricultural practices or insecticide quality. The present work was
designed to assess a rapid, simple, and reliable analytical method for detecting and quantifying the
most commonly used insecticides (λ-cyhalothrin and acetamiprid) in Benin. The analytical standard
technical grade separation was performed by gradient reversed-phase high-performance liquid
chromatography on a C18 stationary-phase column. The mobile phase consisted of a mixture of
acetonitrile/water using a gradient flow. The flow rates were 1 and 1.4 mL·min−1 for λ-cyhalothrin
and acetamiprid, respectively. The analysis times were 15 and 20 min, with retention times of
2.35 and 7.94 min for λ-cyhalothrin and acetamiprid, respectively. Results reveal that most of the
surveyed farmers were not educated (70% < Primary School Certificate) and were men (95%). Of
the main insecticides applied by farmers, λ-cyhalothrin and acetamiprid were found to be the most
technical-grade ones. Furthermore, the analysis of insecticides showed that the concentrations
obtained in our study often differed from the ones mentioned on insecticide labels. The proposed
method is useful for quantifying insecticides in various technical and commercial formulations with
little interference from additives.

Keywords: high-performance liquid chromatography; quantification; λ-cyhalothrin; acetamiprid;
commercial samples

1. Introduction

Tomatoes and several tomato-based products remain a major component of the hu-
man diet in many countries around the world, including Benin, with a cultivated area of
39,301 ha and a global production of 266,685 tons [1,2]. Despite the nutritional and eco-
nomic importance, tomato production in Benin is hampered by several biotic and abiotic
factors affecting production and postharvest conservation. Among the biotic factors, the
cotton bollworm Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae) and the tomato
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leafminer Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) are the most damaging insect
pests [3,4]. These insects are difficult to control due to their high reproduction rate and
their potential to develop resistance to insecticides.

In modern agriculture, chemical insecticides have been broadly used to protect agri-
cultural products against harmful insects for improving quality and thus increasing agri-
cultural yields [5,6]. To achieve better pest control, 432 insecticides were registered by
Sahelian Committee for Pesticides [7] and 131 active ingredients sold commercially [8]
were certified in Africa and Benin, respectively. Those chemical products were approved to
meet international requirements for food security and quality with reduced application
risks [9,10]. Thus, λ-cyhalothrin and acetamiprid were the most active ingredients used in
plant protection in Benin [8].

Pesticide manufacturers believe that their products are safe when properly used (pro-
tective equipment, best conservation procedures, safety instructions, etc.) [11]. However,
the utilization of the pesticide and its handling as prescribed by the manufacturers are often
not respected by end users, constituting a real problem if we consider the scale at which
they are used by farmers. Adjuvants consist of various carriers, wetting agents, antifreezes,
and other substances. However, the supply and marketing circuit does not guarantee com-
pliance with appropriate quality of the adjuvants. An important consideration is whether
the adjuvants in commercial formulations will inhibit the reaction of the pesticide active
ingredient. Pesticides can be degraded by photolysis, hydrolysis, oxidation and reduction,
and metabolism (plants, animals, or microorganisms) and affected by temperature and
pH. The management of obsolete pesticides makes doubtful the quality of insecticides
used in developing countries. In addition, insecticide degradation before their applica-
tion may affect pest control, leading to over- and misuse of insecticides, exacerbating the
issue of pest resistance selection [12]. Quality control and assessment of these chemical
substances may be the foremost steps to overcome this issue. For this reason, there is
a constant need to develop new and more sensitive analytical methods for quantitative
determination and monitoring of pesticides for pest control. Several methods have devel-
oped that were fast and accurate but expensive, including methods based on liquid-liquid
extraction or solid-phase extraction coupled with gas chromatography/mass spectrometry
(GC-MS), high-performance liquid chromatography (HPLC) with Ultraviolet Diode Array
Detector (UV DAD), Liquid Chromatography-Mass Spectrometry (LC-MS), and Liquid
Chromatography-Electrospray Ionization-Mass Spectrometry (LC-ESI-MS) for screening
pesticides and/or pesticides residues [13–16]. This study has been carried out to develop
a rapid, simple, accurate but less expensive HPLC-UV method for λ-cyhalothrin and ac-
etamiprid determination in analytical standard and pesticide formulations at a commercial
scale in quality control laboratories.

2. Materials and Methods
2.1. Study Sites

This study was conducted in two main tomato production areas in Benin during
July 2019, namely, Klouékanmè (06◦58.769′ N001◦51.826′ E) and Allada (06◦35.369′ N–
002◦07587′ E) in Southern Benin. The main criterion for selecting farmers who participated
in the interview was their production potential.

2.2. Experimental Set-Up

Sixty (60) randomly selected farmers (30 producers/site) were interviewed after their
consent. Relevant information on pesticides used by producers was collected using a
structured questionnaire through individual interviews. Data collected included socio-
demographic characteristics of farmers (i.e., age, sex, and their social status), pesticide
types used by farmers, pesticide dosages, application rates, and frequencies. Information
also included key aspects related to the use of personal protective equipment, insecticide
packaging, expiration date, and supply place. Three (3) milliliters of each insecticide used
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by farmers was sampled in vial tubes. Collected samples were covered with aluminum
paper and stored in the laboratory at 4 ◦C.

2.3. Chemicals

HPLC technical grades (acetonitrile and water) and analytical standard of λ-cyhalothrin
(CAS: 91465-08-6) and acetamiprid (CAS:135410-20-7) of purity ≥ 98% were supplied from
Sigma-Aldrich, Buchs, Switzerland, while insecticides were sampled from prospected
localities. Their names and characteristics are recorded in Table 1.

Table 1. Characteristics of commercial insecticides sampled at different tomato growing localities.

Localities Trade Names Codes Technical
Grades

Concen-
Trations Compagny Expiration

Date

Klouékanmè

Lambda Super 1 Insecticide 1 λ-cyhalothrin 25 g·L−1 KUMARK Compagny November 2020

Lambda Super 2 Insecticide 2 λ-cyhalothrin 25 g·L−1 KUMARK Compagny June 2019
(Expired)

Lambda Super 3 Insecticide 3 λ-cyhalothrin 25 g·L−1 KUMARK Compagny November 2020
Lambda Finer 1 Insecticide 4 λ-cyhalothrin 25 g·L−1 GSK Stell Compagny January 2020

Lambda Finer 2 Insecticide 5 λ-cyhalothrin 25 g·L−1 CROPSTAR Chem
industry

May 2017
(Expired)

Pacha 1 Insecticide 6 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA July 2020

Pacha 2 Insecticide 7 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA July 2020

Pacha 3 Insecticide 8 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA July 2020

Lambdace 1 Insecticide 9 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SEBA 3D/King Quenson February 2020

Lambdace 2 Insecticide 10 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SEBA 3D/King Quenson February 2020

Lambdace 3 Insecticide 11 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SEBA 3D/King Quenson February 2020

Allada

Lambda Super 4 Insecticide 12 λ-cyhalothrin 25 g·L−1 KUMARK Compagny July 2020
Lambda Super 5 Insecticide 13 λ-cyhalothrin 25 g·L−1 KUMARK Compagny July 2021
Lambda Super 6 Insecticide 14 λ-cyhalothrin 25 g·L−1 KUMARK Compagny June 2020
Lambda Finer 3 Insecticide 15 λ-cyhalothrin 25 g·L−1 KUMARK Compagny January 2021

Lambda Finer 4 Insecticide 16 λ-cyhalothrin 25 g·L−1 AGRO-Science Co. LTD. June 2016
(Expired)

Pacha 4 Insecticide 17 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA January 2019

(Expired)

Pacha 5 Insecticide 18 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA July 2020

Pacha 6 Insecticide 19 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SAVANA September 2016

(Expired)

Lambdace 4 Insecticide 20 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SEBA 3D/King Quenson July 2019

(Expired)

Lambdace 5 Insecticide 21 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1

SEBA 3D/ King
Quenson July 2020

Lambdace 6 Insecticide 22 λ-cyhalothrin +
Acetamiprid

15 g·L−1 +
10 g·L−1 SEBA 3D/King Quenson July 2020

2.4. Chromatographic System

The HPLC system consists of two LC-20AD pumps, an SPD-20A UV-Visible detector,
an automatic injector, DGU-20A5 degasser, CBM-20A system controller, and CTO-20A
column oven (all from Shimadzu, Kyoto, Japan). The column used for separation was
ACCLAIMTM 120 C18 (250× 4.6 mm i.d.; particle size 5 µm, ThermoFisher Scientific, Berlin,
Germany) with EC guard column cartridges (4 mm × 3 mm i.d.). The guard column holder
was REF 718966. The integrated data were recorded using Agilent OpenLab CDS software
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(5380-0012, Agilent Technologies, Berlin, Germany) connected to Agilent 1100 series HPLC
system (Agilent Technologies, Berlin, Germany).

2.5. Separation Condition and Mobile Phase

Separations were achieved by using a mobile phase consisting of acetonitrile (ACN,
(CAS: 75-05-8, 99% purity, Honeywell, Berlin, Germany) and HPLC water (ChromasolvTM

for HPLC). All solvents were filtered through a 0.45 µm nitrocellulose filter and degassed
by ultra-sonication before use. The separation was conducted following the analytical
standards separation characteristics presented in Table 2 and performed with the Ag-
ilent OpenLab CDS program (2.5, Aligent Technologies, Berlin, Germany). Detection
was controlled at multiple wavelengths. Peak area and peak height were recorded and
used for quantitative analysis studies. All analyses were performed at room temperature
(25 ± 2 ◦C).

Table 2. Characteristics of analytical standards for technical-grade and commercial insecticides.

Insecticides
Column

Type
Mobile Phase

Flow Rate Injection
Volume

Wave-
Length

Retention
Time (mn)H2O ACN

λ-cyhalothrin C18 11% 89% 1 mL·min−1 20 µL 226 nm 7.94

Acetamiprid C18 35% 65% 1.4 mL·min−1 20 µL 250 nm 2.35

2.6. Working and Sample Solution Preparation

Appropriate analytical standard weights in acetonitrile were used to prepare the
stock solution (1000 µg mL−1) for each analytical insecticide. These solutions were then
used to prepare six working standard solutions of 20 µg·mL−1, 10 µg·mL−1, 5 µg·mL−1,
2.5 µg·mL−1, 1.25 µg·mL−1, and 0.625 µg·mL−1. Acetonitrile was the solvent and standard
blank. Five (5) milliliters of stock solution (1000 µg mL−1) of each commercial insecticide
was prepared by taking out 200 µL and 333 µL of the commercial insecticides containing
25 g·L−1 and 15 g·L−1 of λ-cyhalothrin, respectively, while 500 µL were taken in for those
containing 10 g·L−1 of acetamiprid. Three serial dilutions were prepared for quantifying
analytical grade of commercial insecticides. Samples taken were transferred in a 5.0 mL
volumetric flask and filled up with acetonitrile. All dilutions were vigorously mixed
throughout for homogeneity and stored at a cooling temperature (4 ◦C) in the refrigerator.
Each sample was analyzed in triplicate. Solutions were then filtered through 0.45-micron
Millipore PTFE membrane filter before injection into the HPLC system to obtain chro-
matograms. The percentage recovery was calculated by repeating the whole process three
times. All commercial formulations were prepared and injected in the HPLC machine of
non-spiked samples in triplicate to obtain the recovery and relative standard deviation.

2.7. Method Validation

The proposed method was validated regarding its suitability for linearity, precision,
accuracy, limit of detection (LOD), and quantification (LOQ). The standard curves were
obtained by plotting the insecticide concentrations (independent value) against the peak
areas (dependent value) generated from the chromatogram. The linearity was expressed
using the correlation coefficient (r2-value) and intercept value. The r2-values were appreci-
ated in comparison with the maximum of 0.99. Data analysis was performed using linear
regression procedure [17]. The method accuracy was estimated by the relative error percent
(Er%). Precision was calculated using the repeatability test by injecting three replicates
of different concentrations of the sample [18]. To assess the reliability of the method, the
accuracy was found by spiking previous standard dilutions and estimating the recovery
values. LOD and LOQ were determined using the linear regression method as previously
described by Shrivastava and Gupta [17]. The LOD and LOQ values were determined using
the slope of the calibration curve and the standard deviation of the smallest value in the
calibration curve. These values were calculated with LOD = 3.3× S/b and LOQ = 10 × S/b
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(“S” is the standard deviation and “b” is the slope of the calibration curve) [19]. One-sample
T-test was used to compare the obtained concentration with the reference indicated with
insecticide labels.

3. Results and Discussion
3.1. Social Characteristics of Producers

Tomato production (tillage, nursery, weeding, and pesticide application) in the two
selected localities was mainly carried out by men (95%), while women were mostly in
charge of vegetable marketing and sale. Among the survey producers, 28.3% have a pri-
mary school certificate (PSC) (Figure 1a), supporting the statement according to which
farmers could not easily read and understand the instructions given on insecticide pack-
ages [20]. These findings support those of Kouakou et al. [21] and Kpan-Kpan et al. [22],
who reported that women accounted for 6% and 1.32% of vegetable producers, respectively.
Moreover, farmers who did not receive any professional training on agricultural production
techniques may rely on advice (dosage and frequency of phytosanitary treatments) given
by family members or friends. This would explain, in part, the misuse and overuse of
insecticides observed in Benin included in the current study. Our survey also pointed out
that pyrethroids were the most frequently applied insecticides singly or in combination
with other types of insecticides such as organophosphates or neonicotinoids (Figure 1b).
The majority (80%) of insecticides used in tomato production were supplied through the
informal system, supporting doubts on the quality of such compounds. Such observations
were confirmed by Kpan-Kpan et al. [22], who showed that the insecticides used in veg-
etable production consisted mostly of not recommended insecticides and were supplied
through informal channels.
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education of producers. (b) Insecticide types applied by farmers.

3.2. Method Validation

Linearity of the calibration curve was estimated using the linear regression method.
The regression equations and correlation coefficients (r2) showed good fitness of the model
(Figure 2). The calibration curves were drawn by plotting peak area vs. concentration over
the range of 0–20 µg·mL−1 using an excel data sheet. Further statistical analysis of the data
was performed using linear regression procedure to obtain the LOD and LOQ, given in
Table 3. Results showed that the LOD and LOQ ranges were lower than the dynamic range.
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Table 3. Calibration parameters.

Insecticides Linearity Range
(µg·mL−1) Regression Equation r2 Slope Intercept LOD

(µg·mL−1)
LOQ

(µg·mL−1)

λ-cyhalothrin 0.625–20 y = 133.948x + 20.64 0.9999 133.948 20.645 0.3332 1.0097
Acetamiprid 0.625–20 y = 98.998x − 7.07 0.9999 98.998 −7.074 0.3934 1.1923

3.3. Analysis of Bulk Insecticides and Commercial Formulations

The HPLC machine was used to assess the concentration of technical-grade content in
LambdaSuper 2,5 EC, LambdaFiner 2,5 EC, Lambdace 25EC, and Pacha 25EC. The analyt-
ical standards (STD) were used as controls to screen each technical grade (Figure 3) and
the regression equation was used to calculate the concentration of each active ingredient’s
content in commercial formulations (Figure 3). The pick areas obtained after analysis
showed that the technical grades were not equal to the analyzed insecticides. In sum-
mary, analysis of the samples containing λ-cyhalothrin showed a significative difference
(p ≤ 0.001) between the obtained concentrations from the ones indicated on insecticide
labels. There are some insecticides for which concentrations were higher than the reference
(LambdaFiner 2,5 EC and Lambdace 25EC) (three- to four-fold more concentrated), while
lower values were observed in others (Lambda Super 2,5 EC and Pacha 25EC) (Figure 4a–d).
No significative difference (p = 0.231) was observed with just 1 of 22 analyzed insecticides
(insecticides 19). Regarding insecticides containing acetamiprid, no significative difference
(p = 0.154) (insecticide 18) and significative difference (p ≤ 0.018) were found between
the concentrations obtained and the ones indicated on insecticide labels (Pacha 25EC and
Lambdace 25EC, respectively) (Figure 4e,f).

These results clearly demonstrate that the insecticides tested contain doses below or
above the required standards (Insecticides 1; 3; 4; 6; 7; 8; 9; 10; 11; 12; 13; 14; 15; 18; 21;
and 22) or have completely expired (Insecticides 2; 5; 16; 17; 19; and 20) (Figure 4; Table 1).
None of the tested insecticides in our research contain the normal analytical standards’
dose. Pesticides can be degraded by photolysis, hydrolysis, oxidation, and reduction and
affected by temperature and pH [23]. The lower concentration observed could be due to
poor conservation, forgery, and outdated insecticides in the prospected localities. Pesticide
degradations are dependent on several processing and environmental conditions such
as temperature, light, moisture, and pH [24,25]. The presence of obsolete pesticides in
Benin (developing countries) can be explained by the absence of a clear obsolete pesticide
management strategy [26]. There are more than half a million tons of obsolete, unused,
forbidden, or outdated pesticides in several developing and transitional countries [27]. In
addition to the overuse and misuse of insecticides by tomato growers, the dubious quality
of insecticides used to control pests has also been documented as a factor in insect resistance
selection [28–30]. The high analytical standard content of the company could be due to
drying (drying/dehydration). Kumral et al. [23] demonstrated that concentration-based
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techniques (drying/dehydration and concentration) increased pesticide residue levels in
the final products.

1 
 

 

Figure 3. Typical chromatograms of commercial insecticides and standards.

Indeed, the aim of spraying the diagnostic dose was to kill all susceptible and het-
erozygous resistant insects. Spraying doses below the diagnostic dose would not kill
all susceptible insects but select resistance in this population through successive sprays.
Similarly, if higher-than-normal doses are applied, the few insects that survive the poor
insecticide coverage could be the heterozygous ones that may produce resistant progeny,
thus selecting resistance [30]. To solve the problem of insecticide quality, farmers applied
unregulated and indiscriminate pesticide doses; however, a large amount applied often
reach their intended target due to their degradation, volatilization, and leaching, leading to
serious ecological problems [31–33].

Regulation of insecticides used in tomato production, such as that observed in cotton
production, would allow insecticides to be adapted to the different types of resistance
observed in Benin. Specific monitoring of this area by the government would control the
selection of H. armigera resistance in tomato fields (South Benin) reported also on cotton
(North Benin). This statement could be the cause of the failure of insecticide application
on cotton as the pest might acquire resistance in tomato fields. It would dissipate in the
cotton fields and thus hinder the monitoring of the cotton industry in the coming years.
The outcomes of this research will be used to screen insecticide quality with high precision,
simplify the quality control of insecticides used in agriculture production, and improve
pest management. Good insecticide quality and application regulation would be key work
points for the management of pest resistance in Benin.
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based techniques (drying/dehydration and concentration) increased pesticide residue lev-
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4. Conclusions

A simple, sensitive, accurate, and relatively fast analytical method for determination
of λ-cyhalothrin and acetamiprid was developed. This validated method can be used in the
determination of these insecticides in commercial formulations. The proposed method was
further validated by well-estimated accuracy and precision. The overall results suggest
clearly that the insecticides used in tomato production did not contain the appropriate
labeled doses or had completely expired. This developed method can be used effectively
for the quantitative analysis of active ingredients (λ-cyhalothrin and acetamiprid) available
in its technical and formulated products in a short time.
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