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Abstract
Organophosphates, carbamates, and pyrethroids are among the most commonly used pesticides worldwide. However, 
these pesticides are toxic not only to insects but also to other non-targets such as animals, including humans. The 
increasing public concern in recent years about possible health risks due to pesticide residues in the diet has influenced 
the strategies for crop protection. Over the years, researchers have relied on several analytical methods. The importance 
of enzyme-linked immune sorbent assays (ELISA) for pesticide analysis has increased over the past decades. This study 
was conducted to assess ELISA as a rapid, economical, and safe analytical procedure as an alternative prior to chroma-
tographic techniques for monitoring the residues of these target pesticides in local Cuban vegetables. A colorimetric 
ELISA test kit was used to detect organophosphates and carbamates directly, while the analysis of pyrethroid was per-
formed using paramagnetic particles attached to antibodies specifically to detect pyrethroids. To confirm the positive 
results, the samples were also analyzed by chromatography. With the use of the ELISA kits, it was possible to determine 
the presence of organophosphates, carbamates, and pyrethroid residues in the collected samples. The ELISA kits tested 
showed quantification capacity at values below the detection limit of the chromatographic techniques used. Linear 
relationships between the quantified values obtained by the chromatographic technique and results obtained through 
the pyrethroid ELISA test kits were observed. The developed ELISA exhibited high accuracy and is ideally suited as a fast, 
high-throughput, and low-cost screening test for organophosphates, carbamates, and pyrethroid residues to monitor 
and control these residue levels in the Cuban agriculture context.
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1 Introduction

Fruit and vegetables can be carriers of pesticide resi-
dues if they are treated with pesticides. To lower the 
residue, good agricultural practices and respecting the 
as low as reasonably achievable “ALARA” principle are 
recommended. Organophosphates (OP), carbamates 
(CPs), and pyrethroids are among the most commonly 
used pesticides worldwide due to their broad biological 
activity and low bioaccumulation potential [1]. However, 
these pesticides are toxic not only to insects but also to 
other animals, such as amphibians, birds, and mammals, 
including humans. Some of these pesticides affect the 
human nerve system, inducing impulse transmission-
inducing neurologic toxicity, chronic neurodevelop-
mental disorder, possible dysfunction of the immune, 
reproductive, and endocrine system or cancer [1, 2].

Exposure to OP, CPs, and pyrethroids can occur 
through the ingestion of contaminated food or water. 
The crop protection strategy has been updated in recent 
years with an emphasis on food quality and safety due to 
public concern about potential health risks from pesti-
cide residues in food [3]. The widespread concern for the 
health of society led to strict regulation with maximum 
limits for pesticide residues in food commodities, pota-
ble and drinking water, soil, and general environmental 
media [1, 2, 4].

Cuba is not an exception to the use of OP, CPs, and 
pyrethroids, being these the families of insecticides more 
used in the control of plagues and diseases [5, 6]. As a 
result, some journalists reported and public expressed 
concerns about possible health risks due to pesticide 
residues, mainly in fresh crops (e.g. vegetables: tomato, 
sweet pepper, and cucumber). Since that, the govern-
ment, together with the phytosanitary and human sani-
tary department, started to search for an analytical pro-
cedure to control and monitor pesticide residues [7, 8].

Over the years, technicians and researchers have 
relied on several analytical methods, such as gas chro-
matography (GC) and liquid chromatography (LC) for 
the detection, separation, and quantification of pesti-
cide residues in different matrices [1]. However, it is not 
always convenient to use such detection tools due to 
their high cost, expensive instruments, long analysis 
duration, complex sample pretreatment, and the require-
ment of skilled labor [9]. Especially in developing coun-
tries like Cuba, with economic limitations hampering the 
use of chromatographic techniques. A group of authors 
cited by Kumar et al. [2] declares that fortunately, the 
need for simplified and portable detection techniques 
can be met through the use of biosensors, immunosen-
sors, chemosensors, or electrochemical sensors.

The enzyme-linked immune sorbent assay (ELISA) 
technique may allow easy, rapid, low-cost, safe monitor-
ing of a massive number of samples [1]. It offers remarka-
ble advantages over chromatographic techniques in the 
detection of pesticides, biological toxins, pathogens, and 
drug residues [2, 9]. ELISA has been proven to be a low-
cost, sensitive tool suitable for high throughput analysis, 
designed to monitor food contamination [10], mainly in 
terms of fast response, specificity, low detection limits, 
and most attractively, cost-effectiveness [2, 11]. Wata-
nabe et al. [12] refer to its applicability as an analytical 
method for a simple and quick inspection of pesticide 
residues in agricultural products before shipment.

Abraxis Life Technologies™ provides field and lab-
based ELISA testing kits for several pesticides tested in 
various matrices listed in the National Environmental 
Methods Index. Numerous articles have proven the suit-
ability of Abraxis pesticide kits, especially for the analysis 
of glyphosate [13–15]. For OP and CPs, a colorimetric 
assay ELISA screen kit (Microtiter Plate: 96 Test) was pur-
chased from Abraxis Inc. Ideal for consumers, dealers, 
and logistic enterprises, as it is more visual and intuitive 
than chromatographic or spectroscopic methods [16]. 
The color of the sample solutions can be observed with 
the naked eye for qualitative determination or analyzed 
through digital images for quantification [17].

The analysis of pyrethroid was performed using the 
Abraxis Pyrethroid Assay kit (using paramagnetic par-
ticles attached with antibodies specific to pyrethroids). 
A competitive reaction for antibody binding sites on 
magnetic particles develops between pyrethroids (pre-
sent in the sample) and the permethrin analog marked 
with an enzyme (the enzyme conjugate) [18]. Since the 
labeled permethrin (conjugate) is in competition with 
the unlabeled pyrethroids (sample) for the antibody 
sites, the color developed is inversely proportional to 
the concentration of pyrethroids in the sample. The mag-
netic enzyme-linked immunosorbent assay has attracted 
interest recently [9]. Sullivan et al. (2007) showed the 
feasibility of detecting chlorpyrifos using a commercial 
magnetic particle-based ELISA kit [2].

Having in mind that there is no previous history in 
Cuba of using the ELISA test to monitor and control pes-
ticide residues, the results obtained in this study could 
serve as a basis for the integration of ELISA in pesti-
cide residue monitoring procedures in Cuba. The study 
intends to evaluate the suitability of the ELISA technique 
for the monitoring and control of residues of organo-
phosphates, carbamates, and pyrethroids insecticides 
in vegetables locally grown in Cuba, prior to chroma-
tographic techniques (gas chromatography or liquid 
chromatography).
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2  Materials and methods

2.1  Materials and instruments

Of the analytical chromatography grade, OP, CPs, and 
pyrethroid standards were purchased from Sigma-
Aldrich (Belgium). Sigma–Aldrich also supplied sodium 
hydrogencitrate sesquihydrate  (C6H6Na2O7·½H2O) 99%, 
sodium chloride (NaCl) > 99%, sodium citrate tribasic 
dihydrate  (C6H5Na3O7·2H2O) > 99% and the highest ana-
lytical purity pesticides standards needed in the study. 
Magnesium sulfate anhydrous  (MgSO4) came from Merck 
(Belgium). HPLC grade acetonitrile (ACN) was supplied 
by VWR (BDH PROLABO, Belgium) and n-hexane > 99% 
assay was obtained from Chem-Lab (Belgium).

2.2  Sample collection

Thirty-four samples from three agricultural areas in 
Sancti Spíritus (Banao, Cabaiguán, and La Quinta) were 
collected during March 2019. The samples consisted of 
tomatoes (19), sweet pepper (10), and cucumber (5). The 
ELISA tests were performed 2 days after collection in the 
Laboratories of the Centre for Energy and Industrial Pro-
cess Studies of the University of Sancti Spíritus, Cuba. 
Samples were blended to homogenize and distributed 
over two different centrifuge tubes. In the first one, used 
for the ELISA assay, 2 g of the homogenized sample was 
mix with 2 g of methanol by handshaking as the ELISA kit 
suggests. Then the tubes were centrifuged at 10,000 rpm 
for 5 min. A subsample volume (around 1 mL) for the 
ELISA assay was taken from the clear supernatant. In the 
second tube, 10 g of the homogenized sample was kept 
frozen at − 20 °C until further analysis in the Laboratory 
of Crop Protection Chemistry of Ghent University by the 
QuEChERS “quick, easy, cheap, effective, rugged, and 
safe” method. Gas chromatography with Electron Cap-
ture Detector (GC-ECD) was used for the pyrethroids 
analysis and ultra-performance liquid chromatography-
tandem mass spectrometer (UPLC–MS/MS) for the OP, 
CPs.

2.3  Elisa

The analysis was developed following the corresponding 
procedure explained in each test kit. A Vortex-Genie 2 
(VWR International; Edmonton) was used and a magnetic 
separator rack was supplied by Abraxis. The final read-
ing was performed with a spectrophotometer (Rayleigh 
VIS723G, China) at 405 and 450 nm.

2.4  ELISA control

Pyrethroids

The Abraxis pyrethroid assay kit provides screening results. 
As with any analytical technique samples requiring regula-
tory action should be confirmed by an alternative method, 
so results will be confirmed by a chromatographic tech-
nique in the lab.

Therefore, a four-point calibration curve (0.75, 2.5, 5.0, 
and 15 µg  L−1), as proposed in the manual guide of the 
Abraxis pyrethroid assay kit, was used. Different standards 
were prepared: permethrin (pyrethroid) standards in water 
(control) as well as in the matrices (tomato, sweet pepper, 
and cucumber). Also, a midrange standard (positive con-
trol: 3.0 µg  L−1) was developed to check the accuracy of 
the curves, as the manual recommended. Subsequently, 
the unknown samples were tested. Three replicate analy-
ses were conducted and average values were reported. As 
a manual guide dictates the %B/Bo was reported as the 
mean absorbance value for each standard divided by the 
mean absorbance value for the Diluent/Zero Standard. By 
plotting the %B/Bo for each standard on the vertical Logit 
(Y) axis versus the corresponding pyrethroid concentra-
tion on the horizontal Ln (X) axis a standard curve was 
constructed. Controls and samples will then yield levels 
in µg  L−1 of pyrethroid by interpolation in the standard 
curve or using equation [18]. Sample results were multi-
plied by a factor of 2 to account for the initial 1:1 dilution 
of the sample with methanol. The assay has an estimated 
minimum detectable concentration, based on a 90% B/Bo, 
of 0.75 µg  L−1 (for permethrin), which was more than ade-
quate according to the level of pyrethroids expected in the 
fresh vegetables (10.0 µg  L−1). The Abraxis test brochure 
mentions that an average of 98% recovery was obtained 
from five-times diluted groundwater samples spiked with 
various levels of permethrin. In addition, the cross-reactiv-
ity for various Pyrethroid analogs (shown in Table 1) can 
be expressed as the least detectable dose (LDD) which is 
estimated at the dose required for 50% absorbance inhibi-
tion (50% B/Bo) [18].

Table 1  Limit of detection and inhibition percentage of pyrethroids 
commonly use in Cuban, using the Abraxis ELISA kit

Compound LDD (µg  L−1) 50% B/Bo (µg  L−1)

Permethrin 0.75 4.25
Cypermethrin 4.75 100
Lambda (λ) cyhalothrin 9.20 90
Bifenthrin 13.50 150
Cyfluthrin 220 3400
Tetramethrin > 1000 > 10,000
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The following compounds demonstrated no reactivity 
in the Abraxis Pyrethroid Assay at concentrations up to 
1000 µg  L−1: alachlor, atrazine, benomyl, captan, carbaryl, 
carbendazim, 2,4-D, 1,3-dichloropropene, metolachlor, 
metribuzin, picloram, and thiabendazole.

Organophosphate and carbamate

The assay is a modification of Ellman’s method, based on 
a modification of his acetylcholinesterase (Ach-E) enzyme 
inhibition. The presence of organophosphate or carba-
mate pesticides in a sample will inhibit Ach-E, reducing or 
eliminating color formation, depending on the concentra-
tion [19].

The accuracy of OP and CPs pesticides will differ 
depending on their ability to inhibit the enzyme. Besides, 
manual guidance states that the test can be used for 
quantitative testing if there is only a single OP or CP in 
the sample [19]. The estimated minimum limit of detec-
tion based on a 20% inhibition of the color developed for 
OP or CP in 50% methanol is shown in Table 2. Abraxis 
plate assays suggest diazinon at 5.0 µg  L−1 as the positive 
control. When samples showed a percent inhibition lower 
than 20%, they were regarded as negative, and vice versa. 
With the relation between the absorbance values obtained 
for the negative control (distilled water) and the positive 
control, a linear calculation is performed to predict the OP 
or CPs values of the analyzed samples. The test is invalid 
and must be repeated for accurate results if the negative 
control does not produce a yellow color when the assay 
is completed. The Abraxis OP and CP kit thus provide first 
semi-quantitative screening results. Should be confirmed 
by an alternative method all samples that require a regula-
tory action [19].

The OP and CPs plate assay allows for the analysis of 
46 samples in duplicate determination. Less than 1 mL 
of sample is required, and the test is performed in less 
than 1 h. Abraxis evaluated the precision in the OP and 
CPs assay, by spiking three pools with diazinon at 0.5 µg 
 L−1, 1.0 µg  L−1, and 1.5 µg  L−1 in duplicate and running 

each assay five times. Between assays, a variation coeffi-
cient of 7.9%, 3.4%, and 4.5% was obtained for 0.5 µg  L−1, 
1.0 µg  L−1, and 1.5 µg  L−1, respectively, and a precision of 
3.9%, 3.1% and 3.5% within the assay.

The analytical sensitivity of the kit can be affected if 
samples contain gross particulate matter. It is required 
to filter before the analysis to a particle size equal to or 
less than 0.2 μm. If performing the assay outdoors, direct 
sunlight should be avoided. Also, pigmented samples 
may obscure color, potentially causing interferences. 
Therefore, the negative control should be prepared in a 
similar matrix and analyzed with the pigmented samples 
[19].

2.5  Comparative analysis

The QuEChERS method was used as a simple analytical 
extraction method for the detection of multiple pesticide 
residues in fruit, vegetables, and other matrices [20]. In 
addition, tomato, sweet pepper, and cucumber blank sam-
ples were spiked first at 15 µg  L−1 of permethrin (pyre-
throid) and then 5 µg  L−1 diazinon (organophosphate). 
Both positive controls of the Abraxis kits to confirm the 
kit performance. Extracts were analyzed by GC–ECD using 
Agilent Technologies 6890  N, and a Waters ACQUITY 
UPLC–MS/MS.

A detailed description of the analytical method and 
equipment conditions

To the 10 g of vegetables of a homogenous made sample 
weighed and conserved in the centrifuge tubes (50 mL), 
15 mL of acetonitrile (ACN) was added and shaken. The 
following salts were added to each sample to remove co-
extracted contaminants: 1.5 g NaCl, 1.5 g  C6H5Na3O7·2H2O, 
0.750 g  C6H6Na2O7·½H2O and 6.0 g MgSO4. Sample, sol-
vent, and salts were mixed and then separated shaking for 
5 min by 300 rpm and centrifuged 5 min at 10,000 rpm. 
The solvent exchange is different for the LC–MS/MS and 
GC-ECD samples. For the LC–MS/MS samples 1 mL of the 
upper layer was sampled and added to a volumetric flask 
of 10 mL. 9 mL Milli-Q water was added to obtain a total 
volume of 10 mL. A subsample of ± 1.5 mL was pipetted 
in an LC–MS/MS vial. For the GC-ECD samples, 5 mL of the 
upper layer was sampled to an evaporation bowl. The sol-
vent (ACN) was evaporated in the Rotary evaporator and 
5 mL of n-hexane was added to the bowls to recover the 
analyte. A subsample of ± 1.5 mL was pipetted in a GC-
ECD vial.

Ultra-performance liquid chromatography operating 
conditions

Table 2  Limit of detection of organophosphates and carbamates 
commonly used in Cuban for the Abraxis ELISA kit

Organophosphate µg  L−1 Carbamate µg  L−1

Chlorpyrifos methyl 0.4 Carbaryl 206
Chlorpyrifos ethyl 0.5 Carbofuran 0.9
Diazinon 0.6
Dichlorvos 0.5
Ethion 0.6
Malathion 1.2
Parathion 0.8
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A Waters ACQUITY UPLC™, equipped with a quaternary 
pump and triple quadruple system with electrospray ioni-
zation (Waters  Xevo® TQD) to perform sample analyses was 
used. The separation column, an Acquity UPLC BEH C18, 
130Å (1.7 µm 2.1 mm 50 mm) was kept at 40 °C. 10 µL per 
sample was automatic injected. The mobile phase compo-
nents were (A) Milli-Q water with 0.1% formic acid and (B) 
ACN with 0.1% formic acid. A flow rate of 0.4 mL min−1 of 
98% mobile phase A for 0.25 min was used as a gradient 
set. From 0.25 to 7 min, a linear gradient was used to 98% 
mobile phase B, held for 1 min. Then a linear gradient was 
used to 98% mobile phase A and held for 1 min. The capil-
lary needle was maintained at + 2 kV, curtain gas  (N2) at 7 
bars, and temperature 500 °C. The AIs were monitored and 
quantified using multiple reactions monitoring (MRM). The 
MS/MS-transitions, ionization mode, cone voltage, and col-
lision energy are given in supplementary material.

Gas chromatography with electron capture detection

As previously described by De Maegt et al. [21] in her 
work, an Agilent Technologies 6890N gas chromatograph 
equipped with an Agilent Technologies 7683 Series 
autosampler injector, coupled to an electron capture 
detector (GC-ECD) was used. Separation was performed 
on a HP-5MS (5% phenyl methyl siloxane) capillary col-
umn (30 m 0.25 mm 0.25 μm). As operating conditions, the 
column initially set at a temperature of 60 °C and then the 
oven temperature was increased at a rate of 20 °C  min−1 
to 150 °C. Furthermore, it was increased at a rate of 15 °C 
 min−1 to 250 °C, held for 2 min at 250 °C, followed by an 
increase at a rate of 30 °C  min−1 to 270 °C and held con-
stant for 10 min at 270 °C. Thereafter, it was increased at 
a rate of 30 °C  min−1 to 280 °C and finally, it was held at 
280 °C for 11 min. Injector and detector temperatures were 
maintained at 200 °C and 250 °C, respectively. Helium was 

used as a carrier gas at a flow rate of 1.1 mL min−1 and the 
injections were made in the split mode with a split ratio 
of 52.7:1 [21].

3  Results and discussion

3.1  ELISA test for pyrethroids

Figure  1 shows the calibration curves for permethrin 
developed in water (control) and in the tested matrices 
(tomato, sweet pepper, and cucumber) using the pyre-
throid ELISA kit. As the manual of the kit recommends, 
dilutions of clean vegetable juices (1:1 in methanol) should 
be used as reference instead of clear water for the spectro-
photometric measurements.

Statistically significant correspondence between the 
calibration curves in the matrices and the control curve 
in water was found. The slope from calibration curves 
in the tomato, sweet pepper, and cucumber matrices 
were between the confidence limits (upper: − 0.12311 
and lower: − 0.17749) of the control slope curve, for n–2 
degrees of freedom to the desired probability of 95%. The 
concentration measured in the positive control, i.e. 3.46 µg 
 L−1, corresponded relatively well with the expected con-
centration (3.0 µg  L−1), with 115% recovery. The calibration 
curve (n = 4) showed 4.0% of the coefficient of variation. Xu 
et al. [22] also compared four ELISA kit brands for the anal-
ysis of organophosphates, carbamates, and pyrethroids. 
Their best results were obtained with the kits provided by 
Abraxis, with a recovery percentage and coefficient of vari-
ation very similar to the values obtained in our study. Fig-
ure 1 shows the percentages of inhibition of absorbance 
concerning the negative control from 0.75 to 15.0 µg  L−1 
of permethrin in the evaluated matrixes. Based on those 
results, calibration curves from each matrix were used for 

Fig. 1  Calibration curves in 
clear water and clear juice from 
food matrices (tomato, sweet 
pepper, cucumber) evaluated 
during the pyrethroid (perme-
thrin) test of the ELISA kit
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the calculation of the corresponding concentration in the 
evaluated samples.

3.2  Comparison of results from ELISA with GC‑ECD 
and UPLC–MS/MS

The accuracy of the ELISA results for pyrethroids analysis 
could not be evaluated by GC-ECD analysis, as the GC-ECD 
equipment used has a limit of quantification (LOQ) (con-
sidered here as the lowest point in the calibration curve) 
for permethrin of 100.0 µg  L−1, around seven times higher 
than the spiked concentration evaluated (15.0 µg  L−1) in 
the ELISA test. From the group of synthetic pyrethroids 
that are analyzed in the laboratory, permethrin is one of 
the least sensitive (ten times less than cypermethrin, bifen-
thrin, and others). From the group of pyrethroids analyzed 
by GC-ECD, permethrin should be the active ingredient 
with the highest response factor (injected concentration/
peak area) [23]. The ELISA test thus has a clear added value 
for the monitoring and control of pyrethroid residues in 
the vegetables studied due to its lower detection limit.

Permethrin is widely used for hygienic control in sani-
tary in Cuba and together with other pyrethroids in phy-
tosanitary control. Sometimes these pesticides are used 
incorrectly. They reach water bodies and/or remain as resi-
due in certain crops [24–26]. Unlike in the EU, where the 
use of permethrin is not allowed, in Cuba permethrin and 
other pyrethroids can still be used. If Cuba is considering 
the export of some of these vegetables or fruits to Europe, 
it should meet the EU Maximum residual levels (MRL), set 
for permethrin at concentrations below 50.0 µg kg−1. The 
ELISA test can meet these requirements.

The accuracy of ELISA results obtained for OP and CPs 
were evaluated by UPLC–MS/MS analysis. Table 3 shows 
the results of the positive ELISA control samples in the 
different matrices, evaluated by liquid chromatography 
analysis. Percentages of inhibition were obtained in the 
ELISA tests, which could be verified by chromatography. 
An average concentration of 5.69 µg  L−1 for the different 
matrices evaluated, a 114% recovery, and a 3% coefficient 
of variation may be obtained with the LC analysis respect 
to the ELISA test. Similar results were reported in Chinese 

and Indian studies [27–29]. In this way, the accuracy of the 
ELISA test for OP and CPs could be proven.

3.3  Screened samples

As can be observed in Table 4, with the use of ELISA a 
higher amount of samples with OP, CPs, and pyrethroids 
residues were quantified compared to the chromatogra-
phy techniques that only detected them. Luo et al. (2017) 
also mention that the immunoassay was capable to detect 
ethyl carbamates in a large number of samples. A small sig-
nal was obtained in the chromatograms of several samples 
at the retention time of thiodicarb, methiocarb, acephate, 
dimethoate, oxamyl, cypermethrin among others, but the 
ratio signal/noise was too low to consider this signal for 
detection. In addition, two samples of tomato in OP and 
CPs test with concentrations from ELISA of 0.0025 mg kg−1 
and 0.0023 mg kg−1 (results can be a cumulative residue of 
various OP and CPs with individual concentrations below 
the detection limit of the chromatographic technique 
used), as well as in two cucumber samples from ELISA 
pyrethroids with the concentration of 0.0026 mg kg−1 and 
0.0042 mg kg−1 no corresponding signals were found in 
the applied chromatographic techniques. In the brochure 
of the Abraxis kit for pyrethroids, OP, and CPs, it is indicated 
that the limit of quantification for some pesticide residues 
(Tables 1, 2) is lower than that of the chromatographic 
technique used. Although these values can be quantified 
by ELISA, they can be only detected by the chromato-
graphic technique used in this study. All detected values 
were below their MRL.

Figure 2 shows the relationship between the values 
obtained by chromatographic techniques and the ELISA 
values presented in Table  2. Linear relationships were 
found. Carbaryl values (left graph) show a slope of 1.0089 
with  R2 of 0.9983. The left graph (carbaryl) shows only two 
points because only in two of the samples analyzed by LC 
it was possible to quantify its concentration and compare 
it with the results obtained in the ELISA analysis.

Also, cypermethrin (right graph) shows a slope of 
1.1088 with  R2 of 0.9986. Additionally, a satisfactory Pear-
son correlation r = 0.999 (p < 0.001) was found. Other 
authors also obtained well-correlated results between 

Table 3  Recovery values of the OP positive controls evaluated by LC–MS/MS

LC liquid chromatography, SD standard deviation, CoV coefficient of variation

Matrices Positive control spiked (µg  L−1) ELISA inhibition 
(%) at 405 nm

LC values 
(µg  L−1)

Mean Recovery (%) SD CoV (%)

Tomato 5.00 74 5.54 5.69 114 0.0002 3
Sweet pepper 78 5.62
Cucumber 80 5.91
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ELISA and chromatographic techniques in their sample 
analysis, suggesting good accuracy and reproducibility of 
the ELISA methods [10, 30, 31].

If a brief elementary economic analysis is performed, 
it is observed that only the cost of the salts and solvents 
used in the extraction procedure (QuEChERS) prior to the 
chromatography analysis represents 50% of the cost of the 
Abraxis kit for OP and CPs and the 34% of the Pyrethroid 
Kit, for the same number of samples. Besides, a chromato-
graph has approximately a cost 100 times higher than the 
cost of a reader to conduct the ELISA analysis. It should 
also be considered that the maintenance costs, technical 
support, and spare parts required for a chromatograph are 

much higher than those required for a colorimetric reader. 
Additionally, ELISA tests have an additional advantage 
over chromatographic analyses in that such tests can be 
developed in the field for qualitative screening.

Thus ELISA receives important attention, especially for 
residues of OP, CPs, and pyrethroids, several of which are 
prohibited or of restricted use, mainly in the EU, where 
they received a default MRLs value. The developed ELISA 
exhibited good accuracy, is ideally suited as a fast, high-
throughput and low-cost screening test for OP and CPs 
and pyrethroids residues to monitor and control the level 
of such residues at local (municipal) levels. However, 
the authors do not rule out the benefits of analysis by 

Table 4  Organophosphate, carbamate and pyrethroids residues detected in the screened samples using the ELISA test and chromato-
graphic methods

*Blank space means < LOD

Samples Chromatographic ELISA (mg kg−1) Chromatographic ELISA (mg kg−1)

Carbamate (CP) Organophosphate (OP) pyrethroid

Carbaryl (mg kg−1) Pro-
fenofos 
(mg kg−1)

Acephate 
(mg kg−1)

Dimethoate 
(mg kg−1)

Cyper-
methrin 
(mg kg−1)

Tau-
fluvalinate 
(mg kg−1)

Sweet pepper 0.0038 0.0038 < LOQ 0.0019
Cucumber * < LOQ < LOQ 0.0049 0.0026
Cucumber < LOQ < LOQ 0.0034 0.0042
Tomato 0.0025
Tomato < LOQ < LOQ 0.0034 < LOQ 0.0089
Tomato < LOQ 0.0052 < LOQ 0.0053
Tomato < LOQ < LOQ 0.0030
Tomato < LOQ < LOQ 0.0035
Tomato < LOQ 0.0030
Tomato < LOQ 0.0027
Tomato 0.0023
Tomato < LOQ 0.0025
Tomato < LOQ 0.0026
Tomato < LOQ 0.0043
Sweet pepper < LOQ 0.0027
Sweet pepper 0.0045 < LOQ 0.0046 < LOQ 0.0102
Sweet pepper < LOQ 0.0030
Cucumber < LOQ 0.0025
Cucumber < LOQ 0.0145
Cucumber < LOQ 0.0024 0.0158 0.0174
Sweet pepper 0.0379 0.0422
Sweet pepper 0.0230 0.0270
Sweet pepper 0.0502 0.0550
Sweet pepper 0.0636 0.0705
EU/Cuban MRL 

(mg kg−1)
Tomato
Cucumber
Sweet peppers

0.01/5.0
0.01/-
0.01/5.0

0.01/-
0.01/5.0

0.01/-
0.01/-
0.01/-

0.01/-
0.01/-
0.01/0.5

0.50/0.2
0.20/0.07
0.50/0.1

0.10/-
0.05/-
0.01/-

LOQ (mg L−1) 0.001 0.001 0.001 0.001 0.01 0.01
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chromatographic techniques, which provide a general 
spectrum of all residues present in case of a legal require-
ment. So chromatographic analytical capacities should still 
be developed at regional levels in Cuba, where tests can be 
developed and results can be validated, leaving the more 
economic ELISA tests for routine monitoring and control.

3.4  General pesticide residue detected

Table 5 shows, in addition to the pesticides of interest in 
the study (OP, CPs, and pyrethroids), other pesticide resi-
dues detected by chromatography in the samples ana-
lyzed. As can be observed, residues of the other 13 dif-
ferent active ingredients (AIs) were detected. Fungicide 
was the most common group with nine AIs measured in 
the samples. Three of them were triazoles. Future research 
will focus on monitoring fungicide residues by ELISA tests. 
Leyva Morales et al. [32], also identified fungicides as the 
group with the highest frequency of use in northwestern 
Mexico; Wahid et al. [33] cite fungicides as the second pes-
ticide group imported after herbicides in Suriname. Addi-
tionally, EFSA [34] reported in the 2015 annual report of 
pesticides in food, fungicides as the most frequent pesti-
cides with concentrations equal to or greater than the LOQ 
found. Two insecticides (neonicotinoids) and two herbi-
cides completed the list of the residues detected.

For seven of the samples analyzed, AI residues show-
ing the same mode of action, like the neonicotinoids 
(imidacloprid and thiamethoxam) and the triazoles 
(difenoconazole, propiconazole, and tebuconazole), were 
found. Farmers should be alerted on the hazard and risk 
of developing resistance to pests and diseases if AIs with 
the same mode of action are used on the same crop in 

one season [35–37]. From 13 of the AIs detected in the 
collected samples, seven (fenpropimorph, chlorothalonil, 
thiamethoxam, carbendazim, propiconazole, ametryn, and 
alachlor) are forbidden for use in the EU. If the carbamate 
and organophosphates from Table 4 are also included, this 
number increases to 11 [38].

It should also be noted that MRL values are currently 
absent in the Cuban legislation [39] for 14 of the 19 AIs 
detected. This hinders their control and monitoring. The 
AIs detected without Cuban MRLs include those banned 
from use in the EU: acephate, ametryn, fenpropimorph, 
thiamethoxam, carbendazim, propiconazole, dimethoate, 
and alachlor. Alachlor had value even higher than the 
European MRL.

Although the presence of AI residues that are prohibited 
in the EU persists, the number of these has decreased, based 
on results reported in previous studies published in journals 
that were reviewed. In samples of vegetables collected in 
the period 2016–2018, residues of non-authorized use pes-
ticides [40] like methamidophos, parathion and parathion 
methyl, and lindane were additionally found. Therefore, the 
presence of the residues mentioned in the samples collected 
between 2016 and 2018 meant a violation of the established 
laws and/or due to possible illegal activities, because after 
2016, their use is not allowed. Positive is the fact that the 
group of AIs (mainly OP and CPs) already banned in several 
countries, mainly in the EU and the United States, which is 
still included in the current list of authorized pesticides in 
Cuba, is gradually decreasing. That is part of a program for 
the reduction of synthetic pesticides with high toxicity, pro-
moted by the government of Cuba in support of national 
and international environmental laws. It aims to guarantee 

Fig. 2  Analysis of the linear relationship for the cross quantified values between ELISA test and chromatographic alternatives (left: carbaryl 
in sweet pepper, right: cypermethrin in sweet pepper (last four-point) and cucumber) shown in Table 2
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food safety without compromising human health and envi-
ronmental protection [25, 41–43].

4  Conclusion

The study fulfilled its purpose, with the use of Abraxis ELISA 
kits, it was possible to detect the presence of the residues 
of certain groups of compounds of interest like organo-
phosphates, carbamates, and pyrethroids in the collected 
samples. ELISA proved to be a reliable low-cost analytical 
procedure for fast detection, control, and monitoring of the 
presence of pesticide residues in tomatoes, sweet peppers, 
and cucumbers, before chromatographic techniques (gas or 
liquid chromatography). The ELISA kits tested showed the 
capacity for quantification at values below the detection 
limit of the chromatographic techniques used. However, 
further analysis to determine specific active ingredients 
and their quantity should still be done by chromatographic 
techniques, which also allows more pesticides to be ana-
lyzed. More than half of the total residues detected in the 
collected samples pointed towards the use of synthetic pes-
ticides which are nowadays banned in the EU. In the Cuban 
agriculture context, ELISA can be used as a tool to assess 
pesticide usage as currently still a lot of carbamates, organo-
phosphates, and pyrethroids are being used. Surveillance 
and control actions would be mainly focused on guarantee-
ing that the crops to be exported comply with international 
residue limits, as well as ensuring that the population does 
not ingest highly toxic pesticide residues.

Acknowledgements The authors would like to thank the laboratory 
technicians. Also thanks the Provincial Delegation of Agriculture in 
the Province of Sancti Spíritus, and especially the farmers for the 
samples provided.

Author contributions Material preparation, data collection and analy-
sis were performed by Edelbis López Dávila, Michael Houbraken and 
Pieter Spanoghe. The first draft of the manuscript was written by 
Edelbis López Dávila, Zuleiqui Gil Unday, Osvaldo Romero Romero, 
Gijs Du Laing, Pieter Spanoghe and all authors commented on pre-
vious versions of the manuscript. All the authors made significant 
contributions to the document and agree to its publication.

Funding The author(s) received no specific funding for this work.

Compliance with ethical standards 

Conflict of interest All the authors state that there are no conflicts of 
interest in this study.

References

 1. Ouertani R, El Atrache LL, Ben Hamida N (2016) Chemometri-
cally assisted optimization and validation of reversed phase 
liquid chromatography method for the analysis of carbamates 

*B
la

nk
 s

pa
ce

 m
ea

ns
 <

 LO
D

Ta
bl

e 
5 

 (c
on

tin
ue

d)

Sa
m

pl
e 

#
Fe

np
ro

pi
-

m
or

ph
Im

id
ac

lo
-

pr
id

Ch
lo

ro
th

a-
lo

ni
l

D
ife

no
co

na
-

zo
le

Th
ia

m
et

h-
ox

am
Ca

rb
en

da
-

zi
m

Pr
op

ic
on

a-
zo

le
A

zo
x-

ys
tr

ob
in

Py
rim

et
ha

-
ni

l
Te

bu
co

na
-

zo
le

A
m

et
ry

n
A

la
ch

lo
r

Pr
oc

hl
or

az

m
g 

 kg
−1

EU
/C

ub
an

 
M

RL
 (m

g 
 kg

−1
)

To
m

at
o

Cu
cu

m
be

r
Sw

ee
t p

ep
-

pe
rs

0.
01

/-
0.

01
/-

0.
01

/-

0.
5/

0.
5

1.
0/

1.
0

1.
0/

1.
0

6.
0/

5.
0

5.
0/

5.
0

0.
01

/7
.0

2.
0/

0.
5

0.
3/

-
0.

9/
-

0.
2/

-
0.

5/
-

0.
7/

-

0.
3/

-
0.

1/
-

0.
1/

-

3.
0/

-
0.

01
/-

0.
01

/-

3.
0/

3.
0

1.
0/

1.
0

3.
0/

3.
0

1.
0/

0.
7

0.
8/

-
2.

0/
-

0.
9/

0.
2

0.
6/

0.
2

0.
6/

0.
5

0.
01

/-
0.

01
/-

0.
01

/-

0.
01

/-
0.

01
/-

0.
01

/-

0.
05

/-
0.

05
/-

0.
05

/-

LO
Q

 (m
g 

 kg
−1

)
0.

00
1

0.
00

1
0.

01
0.

00
1

0.
00

1
0.

00
1

0.
00

1
0.

00
1

0.
00

1
0.

00
1

0.
00

1
0.

01
0.

00
1



Vol.:(0123456789)

SN Applied Sciences (2020) 2:1487 | https://doi.org/10.1007/s42452-020-03303-y Research Article

pesticides. Chemom Intell Lab Syst 154:38–44. https ://doi.
org/10.1016/j.chemo lab.2016.03.016

 2. Kumar P, Kim K, Deep A (2015) Recent advancements in sens-
ing techniques based on functional materials for organophos-
phate pesticides. Biosens Bioelectron 70:469–481. https ://doi.
org/10.1016/j.bios.2015.03.066

 3. Damalas CA, Eleftherohorinos IG (2011) Pesticide exposure, 
safety issues, and risk assessment indicators. Int J Environ 
Res Public Health 8:1402–1419. https ://doi.org/10.3390/ijerp 
h8051 402

 4. Zhang W, Mohamed Asiri A, Liu D, Du D, Lin Y (2014) Nano-
material-based biosensors for environmental and biologi-
cal monitoring of organophosphorus pesticides and nerve 
agents. Trends Anal Chem 54:1–10. https ://doi.org/10.1016/j.
trac.2013.10.007

 5. Lopez Davila E, Ramos Torres L, Houbraken M, Du Laing G, 
Romero Romero O, Spanoghe P (2020) Cuba pesticides knowl-
edge and practical use. Cienc Tecnol Agropecu 21:e1282. https 
://doi.org/10.21930 /rcta.vol21 _num1_art:1282

 6. Perdomo Hernández EE, Ramos Torres L, López Dávila E (2016) 
Efectos medioambientales en la provincia de Sancti Spíritus por 
el uso de plaguicidas químicos. Rev Márgenes 4:87–102

 7. National Assembly of the Popular Power of Cuba Law No. 81 
of the Environment; Edición ex.; Asamblea Nacional del Poder 
Poplar: Havana, Cuba, 1997; vol XCV, p 47

 8. Vázquez L, Pérez N (2017) El control biológico integrado al 
manejo territorial de plagas de insectos en Cuba. Agroecología 
12:39–46

 9. Li L, Lin Z, Peng A, Zhong H, Chen X, Huang Z (2016) Biomimetic 
ELISA detection of malachite green based on magnetic molecu-
larly imprinted polymers. J Chromatogr B 1035:25–30. https ://
doi.org/10.1016/j.jchro mb.2016.09.015

 10. Luo L, Lei H, Yang J, Liu G, Sun Y, Bai W, Wang H, Shen Y, Chen S, 
Xu Z (2017) Development of an indirect ELISA for the determi-
nation of ethyl carbamate in Chinese rice wine. Anal Chim Acta 
950:162–169. https ://doi.org/10.1016/j.aca.2016.11.008

 11. Koch PL, Stier JC, Senseman SA, Sobek S, Kerns JP (2013) Modi-
fication of a commercially-available ELISA kit to determine 
chlorothalonil and iprodione concentration on golf course 
turfgrass. Crop Prot 54:35–42. https ://doi.org/10.1016/j.cropr 
o.2013.07.017

 12. Watanabe E, Seike N, Motoki Y, Inao K, Otani T (2016) Eco-
toxicology and Environmental Safety Potential application of 
immunoassays for simple, rapid and quantitative detections 
of phytoavailable neonicotinoid insecticides in cropland soils. 
Ecotoxicol Environ Saf 132:288–294. https ://doi.org/10.1016/j.
ecoen v.2016.06.023

 13. Lee A, Jobsz N, Thomas D (2019) Glyphosate levels in american 
food products meet government safety levels yet exceed con-
centrations associated with negative biological effects. J Emerg 
Investig 2:1–6

 14. McMurry ST, Belden JB, Smith LM, Morrison SA, Daniel DW, Euliss 
BR, Euliss NH, Kensinger BJ, Tangen BA (2016) Land use effects 
on pesticides in sediments of prairie pothole wetlands in North 
and South Dakota. Sci Total Environ 565:682–689. https ://doi.
org/10.1016/j.scito tenv.2016.04.209

 15. Paravani EV, Sasal MC, Sione SMJ, Gabioud EA, Oszust JD, Wilson 
MG, Demonte LD, Repetti MR (2016) Determinación de la con-
centración de glifosato en agua mediante la técnica de inmu-
noabsorción ligada a enzimas (ELISA). Rev Int Contam Ambient 
32:399–406. https ://doi.org/10.20937 /RICA.2016.32.04.03

 16. Vdovenko MM, Stepanova AS, Eremin SA, Van Cuong N, Uskova 
NA, Yu I (2013) Quantification of 2,4-dichlorophenoxyacetic 
acid in oranges and mandarins by chemiluminescent ELISA. 
Food Chem 141:865–868. https ://doi.org/10.1016/j.foodc 
hem.2013.04.060

 17. Meng X, Schultz CW, Cui C, Li X, Yu H (2015) On-site chip-based 
colorimetric quantitation of organophosphorus pesticides using 
an office scanner. Sens Actuators B Chem 215:577–583. https ://
doi.org/10.1016/j.snb.2015.04.011

 18. eurofins Pyrethroids, Magnetic Particle ELISA, 100 tests. https 
://www.eurofi ns-techn ologi es.com/pyret hroid s-magne tic-parti 
cle-elisa -100-tests .html. Accessed 20 Mar 2020

 19. eurofins Organophosphate/Carbamate (OP/C), ELISA, 96 tests. 
https ://www.eurof ins-techn ologi es.com/organ ophos phate 
-carba mate-op-c-elisa -96-tests .html. Accessed 20 Mar 2020

 20. Xiu-ping Z, Lin M, Lan-qi H, Jian-bo C, Li Z (2017) The optimiza-
tion and establishment of QuEChERS-UPLC—MS/MS method for 
simultaneously detecting various kinds of pesticides residues in 
fruits and vegetables. J Chromatogr B 1060:281–290. https ://doi.
org/10.1016/j.jchro mb.2017.06.008

 21. De Maegt S, Spanoghe P. promotor; López-Dávila E. copromotor 
Cuba and food safety: two unknown worlds. UGent, 2018

 22. Xu Z, Deng H, Deng X, Yang J, Jiang Y, Zeng D, Huang F (2012) 
Monitoring of organophosphorus pesticides in vegetables using 
monoclonal antibody-based direct competitive ELISA followed 
by HPLC—MS/MS. Food Chem 131:1569–1576. https ://doi.
org/10.1016/j.foodc hem.2011.10.020

 23. Tu C (2004) Analysis of organochlorine and pyrethroid pesticides 
with agilent 6820 gas chromatograph/micro-electron capture 
detector. Shanghai, 2004

 24. Camero YC, Contreras NH, Sautié MIC, Santana Y (2008) Forma de 
aplicación y efectividad de la Permetrina 1%, utilizada por con-
vivientes con escolares, para el control de la pediculosis capitis 
en los niños. Rev Cubana Med Trop 60:162–170

 25. Hernández Contreras N, Chang Camero Y, Santana Suárez Y, 
Machado Martínez E, Martinez Izquierdo AM, Pui Vazquez Lde-
laC (2010) Uso deliberado de diversos productos para el control 
de Pediculus capitis (De Geer, 1778), por padres o tutores de 
niños de escuelas primarias. Rev Cubana Med Trop 62:119–124

 26. Hernández R, Sisinno A, Ricardo C, Nela Llanes M, Linares C, Lazo 
A (2003) Establecimiento de términos de carencia de plaguici-
das en diferentes cultivos. Fitosanidad 7:27–37

 27. Xu T, Wang J, Wang X, Slawecki R, Rubio F, Li J, Li QX (2012) 
Comparison of four commercial enzymatic assay kits for the 
analysis of organophosphate and carbamate insecticides in 
vegetables. Food Control 27:94–99. https ://doi.org/10.1016/j.
foodc ont.2012.03.002

 28. Han T, Wang G (2019) Peroxidase-like activity of acetylcholine-
based colorimetric detection of acetylcholinesterase activity 
and an organophosphorus inhibitor. J Mater Chem B 7:2613–
2618. https ://doi.org/10.1039/c8tb0 2616e 

 29. Rajangam B, Daniel DK, Krastanov AI (2018) Progress in enzyme 
inhibition based detection of pesticides. Eng Life Sci 18:4–19. 
https ://doi.org/10.1002/elsc.20170 0028

 30. Dohnal V, Dvorák V, Malír F, Ostry V, Roubal T (2013) A compari-
son of ELISA and HPLC methods for determination of ochratoxin 
A in human blood serum in the Czech Republic. Food Chem 
Toxicol 62:427–431. https ://doi.org/10.1016/j.fct.2013.09.010

 31. Guan Y, Wu X, Meng H (2013) Indirect competitive ELISA based 
on monoclonal antibody for the detection of 5-hydroxymethyl-
2-furfural in milk, compared with HPLC. J Dairy Sci 96:4885–
4890. https ://doi.org/10.3168/jds.2013-6550

 32. Leyva Morales JB, García de la Parra LM, Bastidas Bastidas P de 
J, Astorga Rodríguez JE, Bejarano Trujillo J, Cruz Hernández A, 
Martínez Rodríguez IE, Betancourt Lozano M (2014) Uso de 
plaguicidas en un valle agrícola tecnificado en el noroeste de 
México. Rev Int Contam Ambie 30:247–261

 33. Wahid FA, Wickliffe J, Wilson M, Van Sauers A, Bond N, Hawkins 
W, Mans D, Lichtveld M (2017) Presence of pesticide residues on 
produce cultivated in Suriname. Environ Monit Assess 189:22. 
https ://doi.org/10.1007/s1066 1-017-6009-0

https://doi.org/10.1016/j.chemolab.2016.03.016
https://doi.org/10.1016/j.chemolab.2016.03.016
https://doi.org/10.1016/j.bios.2015.03.066
https://doi.org/10.1016/j.bios.2015.03.066
https://doi.org/10.3390/ijerph8051402
https://doi.org/10.3390/ijerph8051402
https://doi.org/10.1016/j.trac.2013.10.007
https://doi.org/10.1016/j.trac.2013.10.007
https://doi.org/10.21930/rcta.vol21_num1_art:1282
https://doi.org/10.21930/rcta.vol21_num1_art:1282
https://doi.org/10.1016/j.jchromb.2016.09.015
https://doi.org/10.1016/j.jchromb.2016.09.015
https://doi.org/10.1016/j.aca.2016.11.008
https://doi.org/10.1016/j.cropro.2013.07.017
https://doi.org/10.1016/j.cropro.2013.07.017
https://doi.org/10.1016/j.ecoenv.2016.06.023
https://doi.org/10.1016/j.ecoenv.2016.06.023
https://doi.org/10.1016/j.scitotenv.2016.04.209
https://doi.org/10.1016/j.scitotenv.2016.04.209
https://doi.org/10.20937/RICA.2016.32.04.03
https://doi.org/10.1016/j.foodchem.2013.04.060
https://doi.org/10.1016/j.foodchem.2013.04.060
https://doi.org/10.1016/j.snb.2015.04.011
https://doi.org/10.1016/j.snb.2015.04.011
https://www.eurofins-technologies.com/pyrethroids-magnetic-particle-elisa-100-tests.html
https://www.eurofins-technologies.com/pyrethroids-magnetic-particle-elisa-100-tests.html
https://www.eurofins-technologies.com/pyrethroids-magnetic-particle-elisa-100-tests.html
https://www.eurofins-technologies.com/organophosphate-carbamate-op-c-elisa-96-tests.html
https://www.eurofins-technologies.com/organophosphate-carbamate-op-c-elisa-96-tests.html
https://doi.org/10.1016/j.jchromb.2017.06.008
https://doi.org/10.1016/j.jchromb.2017.06.008
https://doi.org/10.1016/j.foodchem.2011.10.020
https://doi.org/10.1016/j.foodchem.2011.10.020
https://doi.org/10.1016/j.foodcont.2012.03.002
https://doi.org/10.1016/j.foodcont.2012.03.002
https://doi.org/10.1039/c8tb02616e
https://doi.org/10.1002/elsc.201700028
https://doi.org/10.1016/j.fct.2013.09.010
https://doi.org/10.3168/jds.2013-6550
https://doi.org/10.1007/s10661-017-6009-0


Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:1487 | https://doi.org/10.1007/s42452-020-03303-y

 34. The EFSA (2015) European Union report on pesticide resi-
dues in food. EFSA J 2017(15):134. https ://doi.org/10.2903/j.
efsa.2017.4791

 35. IRAC IRAC mode of action classification scheme. Version 9.3. 
https ://www.irac-onlin e.org/docum ents/moa-class ifica tion/

 36. Sparks TC, Nauen R (2015) IRAC: mode of action classification 
and insecticide resistance management. Pestic Biochem Physiol 
121:122–128. https ://doi.org/10.1016/j.pestb p.2014.11.014

 37. FRAC FRAC Code List © 2018: Fungicides sorted by mode of 
action (including FRAC Code numbering); 2018

 38. European Commission EU—Pesticides database. https ://
ec.europ a.eu/food/plant /pesti cides /eu-pesti cides -datab ase/
publi c/?event =homep age&langu age=EN. Accessed 9 Aug 2019

 39. Cuban National Bureau of Standards NC 902: 2012. Pesticides 
in foods—General Sanitary Requirements; Oficina Nacional de 
Normalización: Cuba, 2012; p 150

 40. Registro Central de Plaguicidas Lista oficial de plaguicidas autor-
izados. Republica de Cuba; (Minagri), M. de la A., Ed.; Ministerio 
de la Agricultura (Minagri): La Habana, Cuba, 2016

 41. Hernández Núñez J, Pérez-Consuegra N (2012) Tendencias en 
el uso de plaguicidas en Batabanó, provincia Mayabeque. Agric 
Orgánica 18:30–33

 42. Llanes Mendoza OL, Gómez Hernández MM, Pérez Brito D, León 
Marrero O (2006) Intoxicación aguda masiva por endosulfan. 
Inusual emergencia médica. Rev Cub Med Int Emerg 5:554–560

 43. Rosquete Pérez C (2011) Evaluación de impacto de la supresión 
de endosulfán en el agroecosistema Güira de Melena, Artemisa, 
Cuba, Universidad Agraria de La Habana. Fructuoso Rodríguez 
Pérez

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.2903/j.efsa.2017.4791
https://doi.org/10.2903/j.efsa.2017.4791
https://www.irac-online.org/documents/moa-classification/
https://doi.org/10.1016/j.pestbp.2014.11.014
https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/%3fevent%3dhomepage%26language%3dEN
https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/%3fevent%3dhomepage%26language%3dEN
https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/%3fevent%3dhomepage%26language%3dEN

	ELISA, a feasible technique to monitor organophosphate, carbamate, and pyrethroid residues in local vegetables. Cuban case study
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Materials and instruments
	2.2 Sample collection
	2.3 Elisa
	2.4 ELISA control
	2.5 Comparative analysis

	3 Results and discussion
	3.1 ELISA test for pyrethroids
	3.2 Comparison of results from ELISA with GC-ECD and UPLC–MSMS
	3.3 Screened samples
	3.4 General pesticide residue detected

	4 Conclusion
	Acknowledgements 
	References




