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ABSTRACT

Organophosphates, carbamates (OP/Cs), and
pyrethroids are among the most commonly used pes-
ticides worldwide. These pesticides are highly toxic to
insects but also other animals, including humans. The
increasing public concern in recent years about pos-
sible health risks due to pesticide residues has deeply
modified the strategies for crop protection. This study
was conducted to assess ELISA as a rapid, economical,
and safe analytical procedure as an alternative prior to
chromatographic techniques for monitoring the residues
of the target pesticides in horticultural crops. The study
fulfilled its purpose. With the use of ELISA, more sam-
ples (higher than 50%) were quantified with OP/Cs, and
pyrethroid residues compared to the chromatography
techniques that mostly detected them. The developed
ELISA exhibited accuracy (114% recovery with a 3%
coefficient of variation for OP/Cs and 115% recovery
with a 4.0% coefficient of variation for pyrethroids) and
they are ideally suited as a fast, high-throughput, and
low-cost (around 100 times lower) screening test for
OP/C and pyrethroids residue prior to chromatogra-
phic analysis. Lineal relationships (slope 1.0089 with
R?0.9983 for carbaryl [OP], and slope 1.1088 with R?
0.9986 for cypermethrin) between the quantified values
obtained by the chromatographic technics with the
ELISA test values were observed.
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RESUMEN

Organofosforados, carbamatos (OP/Cs) y piretroides se
encuentran entre los plaguicidas mas utilizados en todo
el mundo. Estos plaguicidas son muy téxicos para los
insectos, pero también para otros animales, incluidos
humanos. La creciente preocupacion en los tltimos
afnos por los posibles riesgos para la salud debido a
residuos de plaguicidas ha modificado profundamente
las estrategias de proteccion de los cultivos. El estudio
evalda a ELISA como alternativa analitica rdpida, eco-
némica y segura frente a técnicas cromatograficas para
la monitorizacién de residuos de plaguicidas en cultivos
horticolas. El estudio cumplié su objetivo. Con el uso de
ELISA, se cuantificaron mas muestras (50% mayor) con
residuos de OP/Cs, y piretroides en comparacién con
las técnicas cromatograficas que mayoritariamente los
detectaron. ELISA desarrollado mostré precision (114%
de recuperacién y 3% coeficiente de variacién para los
OP/Cs y 115% de recuperacién con 4,0% coeficiente de
variacién por piretroides) y es ideal como prueba de
control rapida, de alto rendimiento y bajo coste (100
veces menor) para los residuos de OP / Csy piretroides
frente al andlisis cromatografico.

Se observaron relaciones lineales (pendiente 1,0089;
R2 0,9983 por carbarilo [OP], y pendiente 1,1088; R2
0,9986 por cipermetrin entre valores cuantificados
por las técnicas cromatograficas con los valores de la
prueba ELISA.
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RESUM

Organofosforats, carbamats (OP / Cs) i piretroides es
troben entre els plaguicides més utilitzats a tot el mén.
Aquests plaguicides sén molt toxics per als insectes,
perd també per a altres animals, inclosos humans. La
creixent preocupacié en els tltims anys pels possibles
riscos per a la salut a causa de residus de plaguicides
ha modificat profundament les estrategies de proteccié
dels cultius. Lestudi avalua 'ELISA com a alternativa
analitica rapida, economica i segura davant técniques
cromatografiques per al monitoratge de residus de
plaguicides en cultius horticoles. Lestudi va complir
el seu objectiu. Amb 1'as d’ELISA, es van quantificar
més mostres (50% més gran) amb residus d’OP / Cs, i
piretroides en comparacid a les técniques cromatogra-
fiques que majoritariament els van detectar. LELISA
desenvolupat va mostrar precisié (114% de recuperaci6 i
3% coeficient de variacié per als OP / Csi115% de recu-
peraci6 amb 4,0% coeficient de variacié per piretroides)
i ésideal com a prova de control rapida, d’alt rendiment
i baix cost (100 vegades menor) per als residus d’OP
/ Cs i piretroides enfront de l'analisi cromatografica.
Es van observar relacions lineals (pendent 1,0089; R2
0,9983 per carbaril [OP], i pendent 1,1088; R2 0,9986 per
cipermetrin entre valors quantificats per les técniques
cromatografiques amb els valors de la prova ELISA.

Paraules clau: Organofosforat, carbamat, piretroides,
ELISA

INTRODUCTION

Fruit and vegetables can be carriers of pesticide res-
idues if they are treated with pesticides. To lower the
residue good agricultural practices and respecting the
ALARA principle are recommended. Pesticide applica-
tors should take care of insecticides with action on the
central nervous system (organophosphates, carbamates,
pyrethroids, among others) . Organophosphates,
carbamates (OP/Cs), and pyrethroids are among the
most commonly used pesticides worldwide due to
their broad biological activity and low bioaccumula-
tion potential 3. However, these pesticides are toxic
not only to insects but also to other animals, such as
amphibians, birds, and mammals, including humans.
Some of this pesticide affects the human nerve impulse
transmission-inducing neurologic toxicity, the chronic
neurodevelopmental disorder, possible dysfunction of
the immune, reproductive, and endocrine system or
cancer >,

Exposure to OP/Cs and pyrethroids can occur through
the ingestion of contaminated food or water, contact
with skin, and inhalation. Symptoms of exposure in-
clude headache; dizziness; nausea; increased nasal,
ocular, and bronchial secretions; vomiting, and others.
The increasing public concern in recent years about

possible health risks due to pesticide residues in food
has deeply modified the strategy for crop protection,
with emphasis on food quality and safety. The wides-
pread concern for the health of society led to the strict
regulation of maximum limits for pesticide residues in
food commodities, potable and drinking water, soil,
and general environmental media *°°.

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 2.
As a result, some journalists reported and the public
expressed concerns about possible health risks due to
pesticide residues, mainly in fresh crops (e.g. vegeta-
bles: tomato, sweet pepper, and cucumber). Since that,
the government, together with the phytosanitary and
human sanitary department, started to search for an
analytical procedure to control and monitor pesticide
residues 7.

Over the years, technicians and researchers have relied
on several analytical methods, such as gas chromato-
graphy (GC) and liquid chromatography (LC) for the
detection, separation, and quantification of pesticide
residues in different matrices . 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 requirement of
skilled labor . A group of authors (Dhull et al., 2014;
Ge et al., 2014; Wang et al,, 2014 and Xu et al,, 2014)
cited by Kumar 3, declare that fortunately, the need for
simplified and portable detection techniques can be
met through the use of biosensors, immunosensors,
chemosensors, or electrochemical sensors.

The enzyme-linked immune sorbent assay (ELISA) has
taken on new importance for pesticide analysis over
the past decades . ELISA is commonly used for the
detection of pesticides, biological toxins, pathogen, and
drug residues . Sassolas et al., 2012 cited by Kumar?®,
also mention that ELISA techniques offer remarkable
advantages over chromatographic techniques. ELISA
has been proved to be a low cost, sensitive tool suitable
for high throughput analysis, which has been extensively
designed to monitor food contamination 2, mainly
in terms of fast response, specificity, low detection
limits, and most attractively, cost-effectiveness >'3.
ELISA allows us to easily automate the analysis of a
massive number of samples and does not require time-
consuming procedures and sophisticated equipment.
Watanabe ', refers to its applicability as an analytical
method for a simple and quick inspection of pesticide
residues in agricultural products before shipment, and
Yan '* emphasizes its benefits to protect ecosystems and
prevent diseases. Moreover, the colorimetric detection
of enzyme activity of immune reagents makes this assay
highly sensitive .

The enzyme inhibition-based colorimetric detec-
tion of OP/Cs in pesticides has not been popularized
until recently 8. A colorimetric approach is ideal
for consumers, as it is more visual and intuitive than
chromatographic or spectroscopic methods. The color
of sample solutions can be observed with the naked
eye for qualitative determination or analyzed through
digital images for quantification . On the other hand,
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the magnetic enzyme-linked immunosorbent assay
has attracted interest ! Sullivan et al., 2007 cited by
Kumar ®, show the feasibility of detecting chlorpyrifos
using a commercial magnetic particle-based ELISA kit.

Taking into account that there is no previous history
in Cuba of using the ELISA test to monitor and control
pesticide residues, the results obtained in this study
could serve as a basis for the integration of ELISA
in pesticide residue monitoring procedures in Cuba.
The study

intends to evaluate the suitability (rapid, low cost,
easy and safe analytical procedure) of the ELISA te-
chnique (Abraxis ELISA kits) for the monitoring and
control of residues of organophosphates, carbamates,
and pyrethroids insecticides in vegetables locally grown
in Cuba, prior to chromatographic techniques (gas
chromatography or liquid chromatography).

MATERIAL AND METHODS

2.1 Sample collection

Thirty-four samples from three agricultural areas in
Sancti Spiritus (Banao, Cabaiguén, and La Quinta) were
collected during March 2019. The samples consisted
of tomatoes (19), cucumber (5), and sweet pepper (10).
Samples were blended and centrifuged at 10 000 rpm for
5 min. The subsample volume for the ELISA assay was
taken from the clear upper layer, as well as a subsample
for analysis with gas chromatography with Electron
Capture Detector (GC-ECD) for the pyrethroids and
ultra-performance liquid chromatography-tandem
mass spectrometer (UPLC-MS/MS) for the OP/Cs.
The ELISA tests were performed two days after collec-
tion in the Laboratories of the Centre for Energy and
Industrial Process Studies of the University of Sancti
Spiritus, Cuba. Subsamples to be analyzed with the
chromatographic technique were kept frozen at -20
°C until analysis in the Laboratory of Crop Protection
Chemistry of Ghent University.

2.2 Materials and instruments

The analytical chromatography grade OP/Cs and
pyrethroid standards were purchased from Sigma-Aldrich
(Belgium). Sigma—Aldrich also supplied sodium hydro-
gencitrate sesquihydrate (C.H ,Na,O, %4H,0) 99 %, sodium
chloride (NaCl) > 99 %, sodium citrate tribasic dihydrate
(C,H.Na,O, 2H,0) > 99 %, and the highest analytical pu-
rity pesticides standards needed in the study. Magnesium
sulfate anhydrous (MgSO,) 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).

2.3 ELISA

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 prove the utility
of Abraxis pesticide kits, especially for the analysis of
glyphosate 2°-%*. For OP/C, a colorimetric assay ELISA
screen kit (Microtiter Plate: 96 Test) was purchased. The
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analysis of pyrethroid was performed using the Abraxis
Pyrethroid Assay kit (paramagnetic particles attached
with antibodies specific to pyrethroids) (100 Tests). The
analysis was developed following the corresponding
procedure explained in each test kit. Each procedure
provides a table with the respective detection limits of
some OP/C and pyrethroids. A Vortex-Genie 2 (VWR
International; Edmonton) was used and a magnetic
separator rack was supplied by Abraxis. The final reading
was performed with a spectrophotometer (Rayleigh
VI1S723G, China) at 405 and 450 nm.

2.5 ELISA control

Four-point calibration curves (0.75, 2.5, 5.0 and 15 pg
") were used. The average values (3 determinations)
of each permethrin (pyrethroid) calibration sample in
water (control) and the matrices were tested (tomato;
cucumber and sweet pepper). A midrange standard
(positive control: 3.0 pg 1) was developed to check the
accuracy of the curve. The Abraxis Pyrethroid Assay
has an estimated minimum detectable concentration,
based on a 90% B/Bo of 0.75 pg 1* (for permethrin),
which was more than adequate according to the level
expected in the fresh produce (10.0 pug1?). In the end,
a statistical correspondence between the calibration
curves of the studied matrices and the water control
curve will be evaluated. The slopes of the calibration
curves of the matrices must be between the confidence
limits (upper and lower) of the slope of the control
curve, for n-2 degrees of freedom and a probability of
95 %. The correspondence between the mean values, the
coeflicient of variation, and the recovery of the positive
control in each calibration curve will be also evaluated.

The estimated minimum limit of detection based
on a 20 % inhibition of the color developed for OP/C
in 50% methanol is 0.3 pg I" for azinphos-methyl. For
the positive control, in the food safety assessments,
diazinon at 5.0 pg I' was used. 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 and
the positive control, a linear calculation was performed
to predict the OP/C values of the analyzed samples. As
the OP/C ELISA test is a semi-quantitative method, the
positive samples were analyzed by chromatography
to quantify and confirm the pyrethroids and OP/Cs
concentration concentrations obtained in the ELISA
tests. The accuracy of ELISA results developed for OP/C
will be evaluated through the correspondence (average
concentration, recovery, standard deviation, coefficient
of variation) between the value of positive ELISA control
in the matrices concerning the concentration used
(diazinon at 5.0 pg 1).

2.4 Comparative analysis

The QUEChERS method was used as a simple analyti-
cal extraction method for the detection of multiple
pesticide residues in fruit, vegetables, and other matrices
2% Besides, tomato, sweet pepper, and cucumber blank
samples were spiked at 15 pug 1" of permethrin and 5
pg I diazinon (positive controls of the Abraxis kits)
to confirm the kit performance. Extracts were analy-



zed by GC-ECD using Agilent Technologies 6890N,
and a Waters ACQUITY UPLC-MS/MS. A detailed
description of the analytical method and equipment
conditions is described below.

A detailed description of the analytical method

Ten grams of vegetables of a homogenous made sample
were weighed in standard centrifuge tubes (50 ml),
and then 15 ml of acetonitrile (ACN) was added and
shaken. The following salts were added to each sample
to remove co-extracted contaminants: 1.5gNaCl, 1.5 g
C6H5Na307 2H20, 0.750 g C6H6Na207 1/2H20, and

2 min at 250 °C, followed by an increase at a rate of
30 °C min-1 to 270 °C and held constant 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.

Table 1 MS/MS-transitions, ionization mode, cone voltage,
and collision energy of the active ingredients tested

6.0 g MgSO4. Samples were mixed and then separated

shaking for 5 minutes by 300 rpm and centrifuged 5 Cone  Collision

. . . .. Pesticide Fragment Ionization Residence
;nm;lt ng 013[(; /rl\lj[nsm ng %I‘Ee(r:l]tj exchailge;s dferLegt PeStcde jon (miz) ion (miz) mode () “Pue$® 48 time (ms)
or the LC- an - samples. For the LC-
MS/MS les 1 ml of th ] p led methomyl 163 88 ES+ 20 10 0.017
samples 1 ml of the upper layer was sample 163 106 Eos % 0 0017
and added to a volumetric flask of 10 ml. 9 ml Milli-Q
R acephate 184.1 125.1 ES+ 11 18 0.052
water was added to obtain a total volume of 10 ml. A 1841 143 ESe 1 g 0,052
subsample of +/- 1.5 ml was pipetted in an LC-MS/ pyrimethanil | 200 8 ES+ 45 24 0015
MS vial. For the GC-ECD samples, 5 ml of the upper 200 107 ES+ 45 24 0.015
layer was sampled to an evaporation bowl. The solvent methiocarb | 226 121 ES+ 22 22 0015
(ACN) was evaporated in the Rotary evaporator and o 226 169 ES+ 22 10 0015
5 ml of n-hexane was added to the bowls to recover pirimicarb jgzi 1;221 E:* ji Zz ggi;
. . . . + .|
the analyte. A subsample of +/- 1.5 ml was pipetted in fenpropimorph| 3042 572 ESy o 30 0015
a GC-ECD vial. 3042 1472 ES+ 50 28 0015
thiodicarb | 355 879 ES+ 20 16 0015
Ultra-performance liquid chromatography ope- 355 1079 ES+ 20 16 0015
rating conditions prochloraz 376 70.1 ES+ 16 34 0.015
A Waters ACQUITY UPLC™, equipped with a qua- 376 3071 ES+ 16 16 0.015
ternary pump and triple quadruple system with elec- difenoconazole) 406 ML ESe 0 b 0015
y pump afn peq ple sy 406 2511 ES+ 40 25 0015
trospray ionization (Waters Xevo® TQD) to perform carbaryl 200 117 ESe 2 28 0,08

sample analyses was used. The separation column, an 202 145 ES+ 2 2 0.08

Acquity UPLC BEH C18, 130A (1.7 um 2.1 mm 50 mm) ametryn | 2281 681 ES+ 32 36 0.013
was kept at 40°C. 10 pl per sample was automatically 2281 1861 ES+ 32 18 0013
injected. The mobile phase components were (A) Milli- thiametoxam | 292 132 ES+ 2 2 0.038
Q water with 0.1 % formic acid and (B) ACN with 0.1 % , 22 22 ES+ 2 12 0038
R . X . malathion 331 99 ES+ 20 24 0.013
formic acid. A flow rate of 0.4 mL min-1 of 98 % mobile 331 127 sy 20 1 0013
phase A for 0.25 min was used as a gradient set. From dimethomorph|  388.1 165 ES+ 35 30 0013
0.25 min to 7 min, a linear gradient was used to 98 % 3881 3009 ES+ 35 20 0013
mobile phase B, held for 1 min. Then a linear gradient dimethoate | 230.1 125 ES+ 18 20 0012
was used to 98 % mobile phase A and held for 1 min. 2301 199 ES+ 18 10 0012
The capillary needle was maintained at +2 kV, curtain metalaxyl | 280.1 1921 ES+ 20 7 0012
gas (N2) at 7 bars, and temperature 500 °C. The Als rebuconazole 2388; 2720?'11 E:: ig ;z g:gﬁ
were monitored and quantified using multiple reactions 308 125 ES+ 40 40 0015
monitoring (MRM). Two different m/z transitions were chlorpyrifos | 349.9 97 ES+ 30 32 0.037
selected for each analyte. The MS/MS-transitions, 349.9 198 ES+ 30 20 0.037
ionization mode, cone voltage, and collision energy azoxystrobin | 404 329 ES+ 22 30 0015
are given in table 1. 404 372 ES+ 2 15 0015
carbendazim | 192.1 132.1 ES+ 27 28 0.08

. 1921 161 ES+ 27 18 0.08

Gas chromatography with electron capture imidacloprid | 2561 1751 ES+ 34 20 0.038
detection 2561 200.1 ES+ 34 15 0.038
An Agilent Technologies 6890N gas chromatograph parathion | 2919 110 ES+ 30 33 0017
equipped with an Agilent Technologies 7683 Series 2919 236 ES+ 30 14 0017
autosampler injector, coupled to an electron capture diazinon 305 % ES+ 31 3% 0.017
detector (GC-ECD) was used. Separation was performed , . gz; 16699 E:+ 2(1) i; g'giz
on a HP-5MS (5 % phenyl methyl siloxane) capillary propieonsrote 32 159 Es: 10 " 0017
column (30 m 0.25 mm 0.25 um). As operating condi- profenofos | 3729 127.9 ES+ 36 40 0017
tions, the column was initially set at a temperature of 3729 3026 ES+ 36 20 0017
60 °C and then the oven temperature was increased at methamido- | 142 93.9 ES+ 28 13 0.163

a rate of 20 °C min-1 to 150 °C. Furthermore, it was phos

142 124.9 ES 28 13 0.163
increased at a rate of 15 °C min-1 to 250 °C, held for '
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Figure 1 Calibration curves in water and matrixes of the study performed during the ELISA kit pyrethroid test
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Figure 2 GC-ECD Chromatograms from tomato, sweet pepper, and cucumber spiked at 15.0 ppb of permethrin (retention
times of the isomers 20.8 and 21.1 minutes).
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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; cucumber and sweet pepper) using the pyre-
throid ELISA kit. As the kit method recommends, clean
vegetable juices dilutions (1:1 in methanol) to be used
as reference instead of clear water for the spectropho-
tometric measurements.

A statistical correspondence between the calibration
curves from the matrixes and the control curve in water
was found. The slope from the pepper, cucumber, and
tomato calibration curves was between the confidence
limits (upper: -0.12311 and lower: -0.17749) of the con-
trol slope curve, for n-2 degrees of freedom to the desired
probability of 95 %. Good statistical correspondence
was also confirmed when the average values obtained
(3.46 pug1?) from the positive control evaluated (3.0 ug
') in each calibration curve (n=4) showed a 4.0 % of
the coefficient of variation and a 115 % of the recovery.
Xu %, also studied four ELISA kits brands to analyze
organophosphates, carbamates, and pyrethroids. Their
best results were obtained with the kits provided by
Abraxis, with recovery percentage and coefficient of
variation very similar to the values obtained in the
present study. Figure 1 shows the percentages of inhibi-
tion of absorbance with respect to the negative control
from 0.75 to 15.0 pg 1! of permethrin in the evaluated
matrixes. Based on those results, calibration curves
from each matrix were used for 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 could
not be evaluated by GC-ECD. The GC-ECD equipment
used has a limit of quantification (LOQ) (considered in
this study as the low point in the calibration curve) for
permethrin of 100.0 pg I, around seven times higher
than the spiked concentration evaluated (15.0 pg ')
in the ELISA test. Figure 2 shows the chromatograms
from the evaluated vegetables in the ELISA test at the
spiked concentration of 15.0 pug 1™

Asit can be seen in figure 2, the chromatography can
detect permethrin (20.8 and 21.1 min of retention times),
but the relation signal area/noise value is not enough to
quantify it; the low area’s values obtained cannot be used
to quantify it through the equation of the calibration
curve. From the group of synthetic pyrethroids that
are analyzed in the laboratory, permethrin is one of
the least sensitive (ten times less than cypermethrin,
bifenthrin, and others). In an Agilent report it is also
mentioned that, from the group of pyrethroids analyzed
by GC-ECD, permethrin is the active ingredient with
the highest response factor (injected concentration/peak
area) °. With the use of these ELISA values lower than
the LOQ of the GC-ECD can be quantified. This test
can help in the monitoring and control of pyrethroid
residues in the vegetables studied.

Permethrin is widely used for hygienic control in
sanitary in Cuba and together with other pyrethroids

in phytosanitary control. Sometimes these pesticides
are used incorrectly. They reach water bodies and/or
remain as residue in certain crops . 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) which fix permethrin
at concentrations below the 50.0 pg . For this aim,
ELISA can play an important role.

The accuracy of ELISA results developed for OP/Cs
was evaluated by UPLC-MS/MS. Table 2 shows the
results of the positive ELISA control analysis in the
matrices evaluated by liquid chromatography. Per-
centages of inhibition were obtained in the ELISA
tests, which could be verified by chromatography. An
average concentration of 5.69 pg I among the matri-
ces evaluated, a 114 % recovery, and a 3 % coefficient
of variation with respect to the concentration used
may be obtained with the ELISA test. Similar results
(recoveries of 97-116% with coefficients of variation of
4-10%), also from local vegetables (Chinese cabbage,
cucumber, tomato, carrots), were reported in studies
from China and India ''®%. The authors also outlined
in the studies, the benefits of ELISA tests in terms of
cost-effectiveness, simple operation, rapid response,
and lower limits of quantification and detection than
chromatography techniques 7#?%. In this way, the
accuracy of the ELISA test for OP/C could be proved.
The inhibition percentages above were used as referents
to decide to analyze these samples with LC-MS/MS.

3.3 Screened samples

As can be observed in table 3, with the use of ELISA a
higher amount of samples with OP/Cs and pyrethroids
residues were detected compared to the chromatogra-
phy techniques. Luo et al. (2017) also mention that the
immunoassay was capable to detect ethyl carbamates
in a large number of samples. A small signal was ob-
tained in the chromatograms of several samples at
the retention time thiodicarb, methiocarb, acephate,
dimethoate, oxamyl, and cypermethrin, but the ratio
between signal/noise was quantitatively low to consider
them as a real signal. In the brochure of the Abraxis
kit for OP/Cs, it is indicated that the Limit of Detec-
tion Pattern Sensitivity for some pesticide residue like
chlorpyrifos (methyl and ethyl), dichlorvos, diazinon,
and others are between 0.4 to 0.6 pug 1. Pyrethroids
showed the following sensibility: cypermethrin 4.75
pg 1%, A-cyhalothrin 9.2 pug 1*and bifenthrin 13.5 pg 1.
Although these values can be detected, they are below
the LOQ of the chromatographic technique used in
this study. All detected values were below their MRL.

Figure 3 shows the relationship between quantified
values obtained by chromatographic techniques and
the ELISA values in table 3. As can be seen in Figure 3,
linear relationships were found between those values.
Carbaryl values show a slope of 1.0089 with an R? of
0.9983, and cypermethrin shows a slope of 1.1088 with
an R? of 0.9986. Additionally, a satisfactory Pearson
correlation r= 0.999 (p<0.001) was found. Other authors
also obtained well-correlated results between ELISA
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Table 2 Average recovery values of the OP/C positive controls evaluated by LC-MS/MS

Matrices Positive control spiked (ug1-1) EI(“I)/‘?)‘):!:T(‘)?::::“ LC values (ug1-1) Mean  Recovery (%) S.D CoV
Cucumber 80 % 591
Sweet pepper 5.00 78% 5.62 5.69 114 % 00002 3%
Tomato 74 % 5.54
LC: liquid chromatography, S.D: standard deviation, CoV: coefficient of variation.
0.0048 Y 0.08 ;
E'LIISA E'LISA y=1.1088x
ik y = 1.0089x gy | e R>=0.9986 s
0.0046 mg R2=0.9983 " (ll_lg )
’ 0.06 _
0.0044 0.0 :
0.0042 0.04 &l
0.03
0.004 *
0.02
e | 0.01 - ]
UPLC-MS/MS values (mg 1) GC-ECD values (mg ')
0.0036 0

0.0036 0.0038 0.0040 0.0042 0.0044 0.0046

0 0.01 002 003 004 005 0.06 0.07

Figure 3 Figure 2: Analysis of the linear relationship for the cross quantified values between ELISA test and their
chromatographs results

and chromatographic techniques in their sample anal-
ysis, suggesting good accuracy and reproducibility of
the ELISA methods '%%3°

After this result, ELISA receives important attention,
especially for residues of OP/Cs and pyrethroids, several
of which are prohibited or of restricted use, mainly
in the EU, where they received a default MRLs value.
Thus, the developed ELISA exhibited good accuracy, is
ideally suited as a fast, high-throughput, and low-cost
screening test for OP/C and pyrethroids residues prior
to chromatographic analysis to monitor and control
the level of such residues.

3.4 General pesticide residue detected

Table 4 shows the rest of the pesticide residues detected
by chromatography in the analyzed samples. As can
be observed, residues of 13 different active ingredients
(Als) were detected. Fungicide was the most common
group with nine Als measured in the samples. Three
of them were triazoles. Leyva Morales *!, also identify
fungicides as the group with the highest frequency of use
in northwestern Mexico; and Wahid *, cite fungicides
as the second pesticide group imported after herbicides
in Suriname. Additionally, EFSA % reported in the 2015
annual report of pesticides in food, fungicides as the
most frequent pesticides with concentrations equal
to or greater than the LOQ found. Two insecticides
(neonicotinoids) and two herbicides completed the list
of the residues detected.

For seven of the samples analyzed, the Al residues
belonged to the same mode of action (neonicotinoids
and triazoles) were found. Farmers should be alert-
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ed to the hazard and risk of developing resistance
to pests and diseases if Als with the same mode of
action are used on the same crop in one season. "***,
From 13 of the Als 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 3 are also included, the
number increases to 11 %.

The present study also likes to alert the local authorities
to the risk that is being incurred due to the absence of
MRL values in the Cuban norm 3¢ for 14 of the 19 Als
detected. This hinders their control and monitoring.
Among the Als detected without Cuban values of
MRLs, are those banned from use in the EU: acephate,
ametryn, fenpropimorph, thiamethoxam, carbendazim,
propiconazole, dimethoate, and alachlor. Alachlor had
a value even higher than the EU MRL.

Although the presence of prohibited Al residues in the
EU persists, with respect to previous studies in journals
reviewed, the number of these has decreased. In sam-
ples of vegetables collected in the period 2016 - 2018,
residues of endosulfan, methamidophos, parathion and
parathion methyl, thiodicarb, permethrin, and lindane
were additionally found. It is important to note that the
current list of authorized pesticides in Cuba dates from
2016 to ¥ and concerning the previous list * lindane,
methamidophos, parathion, and methyl parathion are
not authorized for use. 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. Positive is the



Table 3 Organophosphate, carbamate, and pyrethroids residues detected in the screened samples by ELISA test and checked

by chromatography
Samples Chromatographic ELISA (mgl?) Chromatographic ELISA (mgl?)
carbamate (Cs) organophosphate (OP) pyrethroid
carbaryl (mg17) profenofos  acephate  dimethoate cypermethrin  tau-fluvalinate
(mg17) (mg 1) (mg17) (mg 1) (mg 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')
Tomato
Cucumber 0.01/5.0 10.00/10.0 0.01/- 0.01/- 0.50/0.2 0.10/-
Sweet peppers 0.01/- 0.01/- 0.01/- 0.01/- 0.20/0.07 0.05/-
0.01/5.0 0.01/5.0 0.01/- 0.01/0.5 0.50/0.1 0.01/-

Table 4 Pesticide residues detected by GC-ECD and UPLC-MS/MS in the collected samples

sample # fenpropi- imidaclo- chlorotha- difenocon- thiameth- carben- propicon- azoxys- pyrimeth- tebucon- ametryn alachlor prochloraz
morph prid lonil azole oxam dazim azole trobin anil azole
Sweet pepper | <LOQ 0.0190 0.0135 0.0022 0.0019
Cucumber 0.0017 0.0099
Cucumber 0.0019 <LOQ 0.0125
tomato <LOQ 0.018 <LOQ
Tomato <LOQ <LOQ
Tomato 0.036 0.0054
Tomato <LOQ 0.105
Tomato <LOQ <LOQ
Tomato <LOQ 0.099
Tomato <LOQ <LOQ
Tomato <LOQ <LOQ
Tomato <LOQ
Tomato <LOQ 0.024 <LOQ <LOQ
Tomato <LOQ
Tomato <LOQ <LOQ
Tomato 0.0025 <LOQ
Tomato <LOQ 0.015
Sweet pepper 0.0208 0.0183 0.0027 0.0022 0.0012
Sweet pepper 0.0021 <LOQ 0.0103
Sweet pepper <LOQ 0.0034
Sweet pepper | <LOQ 0.0022 0.0017 0.0102
Cucumber 0.0025 <LOQ 0.018
Cucumber <LOQ
Sweet pepper 0.0202 0.0054 0.0054
Sweet pepper 0.0203 0.0036 0.0039
Sweet pepper 0.0203 0.0054 0.0055
Sweet pepper 0.0193 0.0061 0.0074
EU/Cuban
MRL (mg kg?)
Tomato 0.01/- 0.5/0.5 6.0/5.0 2.0/0.5 0.2/- 0.3/- 3.0/- 3.0/3.0 1.0/0.7 0.9/0.2  0.01/- 0.01/- 0.05/-
Cucumber 0.01/- 1.0/1.0 5.0/5.0 0.3/- 0.5/- 0.1/- 0.01/- 1.0/1.0 0.8/- 0.6/0.2  0.01/- 0.01/- 0.05/-
Sweet peppers | 0.01/- 1.0/1.0  0.01/7.0 0.9/- 0.7/- 0.1/- 0.01/- 3.0/3.0 2.0/- 0.6/0.5  0.01/- 0.01/- 0.05/-
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fact that the group of Als (mainly OP/Cs) already banned
in several countries, mainly in the EU and the United
States, still existing in the current list of authorized
pesticides in Cuba, are gradually decreasing from one list
to another. That is part of a program for the reduction
of synthetic pesticides with high toxicity, promoted
by the government of Cuba in support of national and
international environmental laws. It aims to guarantee
food safety without compromising human health and
environmental protection 2>%-%,

CONCLUSION

The study achieved its aim, with the use of Abraxis
ELISA Kkits, it was possible to detect the presence of
the residue of certain groups of compounds of interest
like organophosphates, carbamates, and pyrethroids
in the collected samples. ELISA proved to be a reli-
able low-cost analytical procedure for fast detection,
control, and monitoring of the presence of pesticide
residues in tomatoes, peppers, and cucumbers, before
chromatographic techniques (gas or liquid chromatog-
raphy). 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 if it is needed can be continuing done by
chromatographic techniques, where a general screen can
be also obtained. More than half of the total residues
detected in the collected samples indicated the use of
synthetic pesticides which are nowadays banned in the
EU. In the context of Cuban agriculture, ELISA can
be well used as a tool to evaluate the use of pesticides,
since carbamates, organophosphates, and pyrethroids
are still used. Monitoring and control actions would
mainly focus on guaranteeing that the crops to be ex-
ported will meet international residue limits, as well as
on ensuring that the population does not ingest highly
toxic pesticide residues.

FUNDING SOURCES

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

REFERENCES

1. Sparks, T. C,; Nauen, R. IRAC: Mode of Action
Classification and Insecticide Resistance Manage-
ment. Pestic. Biochem. Physiol. 2015, 121,122-128.
https://doi.org/10.1016/j.pestbp.2014.11.014.

2. IRAC.IRAC Mode of Action Classification Scheme.
Version 9.3 https://https//www.irac-online.org/
documents/moa-classification/.

3. Ouertani, R.; El Atrache, L. L.; Ben Hamida, N.
Chemometrically Assisted Optimization and Vali-
dation of Reversed Phase Liquid Chromatography
Method for the Analysis of Carbamates Pesticides.

206 |

10.

11.

12.

13.

14.

15.

Chemom. Intell. Lab. Syst. 2016, 154, 38—44. https://
doi.org/10.1016/j.chemolab.2016.03.016.

Chen, D;; Wang, J.; Xu, Y.; Zhang, L. A Thin Film
Electro-Acoustic Enzyme Biosensor Allowing the
Detection of Trace Organophosphorus Pesticides.
Anal. Biochem. 2012, 429 (1), 42—44. https://doi.
org/10.1016/j.ab.2012.07.002.

Kumar, P.; Kim, K.; Deep, A. Recent Advance-
ments in Sensing Techniques Based on Functional
Materials for Organophosphate Pesticides. Bio-
sens. Bioelectron. 2015, 70, 469—481. https://doi.
org/10.1016/j.bios.2015.03.066.

Zhang, W.; Mohamed Asiri, A.; Liu, D.; Du, D,; Lin,
Y. Nanomaterial-Based Biosensors for Environ-
mental and Biological Monitoring of Organophos-
phorus Pesticides and Nerve Agents. Trends Anal.
Chem. 2014, 54, 1-10. https://doi.org/10.1016/j.
trac.2013.10.007.

Lopez Davila, E.; Ramos Torres, L.; Houbraken,
M.; Du Laing, G.; Romero Romero, O.; Spanoghe,
P. Cuba Pesticides Knowledge and Practical Use.
Cienc. Tecnol. Agropecu. 2020, 21 (1), e1282. https://
doi.org/10.21930/rctavol21_numl_art:1282.
Lépez Davila, E.; Houbraken, M.; De Rop, J.; Wum-
bei, A.; Du Laing, G.; Romero Romero, O.; Spanog-
he, P. Pesticides Residues in Tobacco Smoke: Risk
Assessment Study. Environ. Monit. Assess. 2020,
192 (9). https://doi.org/10.1007/s10661-020-08578-7.
National Assembly of the Popular Power of Cuba.
Law No. 81 of the Environment, Edicién ex.; Asam-
blea Nacional del Poder Poplar: Havana, Cuba,
1997; Vol. XCV, p 47.

Vazquez, L.; Pérez, N. El Control Bioldgico Inte-
grado Al Manejo Territorial de Plagas de Insectos
En Cuba. Agroecologia 2017, 12 (1), 39—46.

Li, L, Lin, Z.; Peng, A; Zhong, H.; Chen, X.; Huang,
Z.Biomimetic ELISA Detection of Malachite Green
Based on Magnetic Molecularly Imprinted Poly-
mers. J. Chromatogr. B 2016, 1035, 25-30. https://
doi.org/10.1016/j.jchromb.2016.09.015.

Luo, L; Lei, H; Yang, J; Liu, G.; Sun, Y,; Bai, W.;
Wang, H; Shen, Y.; Chen, S.; Xu, Z. Development
of an Indirect ELISA for the Determination of
Ethyl Carbamate in Chinese Rice Wine. Anal.
Chim. Acta 2017, 950 (483), 162-169. https://doi.
org/10.1016/j.aca.2016.11.008.

Koch, P. L,; Stier, J. C.; Senseman, S. A.; Sobek,
S.; Kerns, ]. P. Modification of a Commercially-
Available ELISA Kit to Determine Chlorothalo-
nil and Iprodione Concentration on Golf Course
Turfgrass. Crop Prot. 2013, 54, 35—42. https://doi.
org/10.1016/j.cropro.2013.07.017.

Watanabe, E.; Seike, N.; Motoki, Y.; Inao, K.; Otani,
T. Ecotoxicology and Environmental Safety Poten-
tial Application of Immunoassays for Simple, Rapid
and Quantitative Detections of Phytoavailable
Neonicotinoid Insecticides in Cropland Soils. Eco-
toxicol. Environ. Saf. 2016, 132, 288—294. https://
doi.org/10.1016/j.ecoenv.2016.06.023.

Yan, X.; Li, H,; Hu, T'; Su, X. A Novel Fluorimetric
Sensing Platform for Highly Sensitive Detection of
Organophosphorus Pesticides by Using Egg White-



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Encapsulated Gold Nanoclusters. Biosens. Bioelec-
tron. 2017, 91, 232-237. https://doi.org/10.1016/j.
bios.2016.11.058.

Vdovenko, M. M; Stepanova, A. S.; Eremin, S. A.;
Cuong, N. Van; Uskova, N. A,; Yu, I. Quantification
of 2,4-Dichlorophenoxyacetic Acid in Oranges and
Mandarins by Chemiluminescent ELISA. Food
Chem. 2013, 141, 865—-868. https://doi.org/10.1016/j.
foodchem.2013.04.060.

Han, T.; Wang, G. Peroxidase-like Activity of Ace-
tylcholine-Based Colorimetric Detection of Acetyl-
cholinesterase Activity and an Organophosphorus
Inhibitor. /. Mater. Chem. B 2019, 7, 2613-2618.
https://doi.org/10.1039/c8tb02616e.

Rajangam, B.; Daniel, D. K;; Krastanov, A. I. Pro-
gress in Enzyme Inhibition Based Detection of
Pesticides. Eng. Life Sci. 2018, 18 (1), 4-19. https://
doi.org/10.1002/elsc.201700028.

Meng, X.; Schultz, C. W.; Cui, C; Li, X,; Yu, H.
On-Site Chip-Based Colorimetric Quantitation
of Organophosphorus Pesticides Using an Office
Scanner. Sensors Actuators B Chem. 2015, 215,
577-583. https://doi.org/10.1016/j.snb.2015.04.011.
Lee, A ; Jobsz, N.; Thomas, D. Glyphosate Levels in
American Food Products Meet Government Safety
Levels yet Exceed Concentrations Associated with
Negative Biological Effects. 2019, 2 (17), 1-6.
McMurry, S. T.; Belden, J. B.; Smith, L. M.; Morri-
son, S. A.; Daniel, D. W.; Euliss, B. R.; Euliss, N. H,;
Kensinger, B. ].; Tangen, B. A. Land Use Effects on
Pesticides in Sediments of Prairie Pothole Wetlands
in North and South Dakota. Sci. Total Environ.
2016, 565, 682—689. https://doi.org/10.1016/j.sci-
totenv.2016.04.209.

Paravani, E. V,; Sasal, M. C.; Sione, S. M. ].; Gabioud,
E. A.; Oszust,]. D,; Wilson, M. G.; Demonte, L. D,;
Repetti, M. R. Determinacién de La Concentracién
de Glifosato En Agua Mediante La Técnica de In-
munoabsorcién Ligada a Enzimas (ELISA). Rev. Int.
Contam. Ambient. 2016, 32 (4), 399-406. https://
doi.org/10.20937/RICA.2016.32.04.03.

Xu, T,; Wang, ], Wang, X.; Slawecki, R.; Rubio, F;
Li, J; Li, Q. X. Comparison of Four Commercial
Enzymatic Assay Kits for the Analysis of Organo-
phosphate and Carbamate Insecticides in Vegeta-
bles. Food Control 2012, 27 (1), 94—99. https://doi.
org/10.1016/j.foodcont.2012.03.002.

Xiu-ping, Z.; Lin, M.; Lan-qi, H.; Jian-bo, C,; Li,
Z. The Optimization and Establishment of QuE-
ChERS-UPLC — MS / MS Method for Simulta-
neously Detecting Various Kinds of Pesticides
Residues in Fruits and Vegetables. /. Chromatogr. B
2017, 1060 (May), 281-290. https://doi.org/10.1016/j.
jchromb.2017.06.008.

Tu, C. Analysis of Organochlorine and Pyrethroid
Pesticides with Agilent 6820 Gas Chromatograph /
Micro-Electron Capture Detector; Shanghai, 2004.
https://doi.org/5989-1333EN.

Camero, Y. C; Contreras, N. H,; Sautié¢, M. I. C,;
Santana, Y. Forma de Aplicacién y Efectividad de
La Permetrina 1 %, Utilizada Por Convivientes
Con Escolares , Para El Control de La Pediculosis

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Capitis En Los Nifos. Rev. Cubana Med. Trop.
2008, 60 (2), 162-170.

Hernadndez Contreras, N.; Chang Camero, Y.; San-
tana Sudrez, Y.; Machado Martinez, E.; Martinez
Izquierdo, A. M.; Pui Vazquez, L. de la C. Uso
Deliberado de Diversos Productos Para El Control
de Pediculus Capitis ( De Geer, 1778 ), Por Padres
o Tutores de Nifios de Escuelas Primarias. Rev.
Cubana Med. Trop. 2010, 62 (2), 119-124.
Hernandez, R.; Sisinno, A.; Llanes, M. N. Resi-
dualidad de Insecticidas En Arroz. Oryza Sativa
L. Fitosanidad 2003, 7 (2), 59—-61.

Dohnal, V;; Dvorak, V.; Malir, E; Ostry, V.; Roubal,
T. A Comparison of ELISA and HPLC Methods for
Determination of Ochratoxin A in Human Blood
Serum in the Czech Republic. Food Chem. Toxi-
col. 2013, 62, 427-431. https://doi.org/10.1016/j.
fct.2013.09.010.

Guan, Y.; Wu, X.; Meng, H. Indirect Competitive
ELISA Based on Monoclonal Antibody for the
Detection of 5-Hydroxymethyl-2-Furfural in Milk
, Compared with HPLC. J. Dairy Sci. 2013, 96 (8),
4885-4890. https://doi.org/10.3168/jds.2013-6550.
Leyva Morales, ]. B.; Garcia de la Parra, L. M;
Bastidas Bastidas, P. de J.; Astorga Rodriguez, J.
E.; Bejarano Trujillo, Jorge Cruz Herndndez, A,;
Martinez Rodriguez, I. E.; Betancourt Lozano, M.
Uso de Plaguicidas En Un Valle Agricola Tecnifi-
cado En El Noroeste de México. Rev. Int. Contam.
Ambie 2014, 30 (3), 247-261.

Wahid, F. A.; Wickliffe, J.; Wilson, M.; Van Sauers,
A.; Bond, N.; Hawkins, W.; Mans, D.; Lichtveld, M.
Presence of Pesticide Residues on Produce Culti-
vated in Suriname. Environ. Monit. Assess. 2017,
189 (6), 22. https://doi.org/https://doi.org/10.1007/
$10661-017-6009-0.

EESA. The 2015 European Union Report on Pes-
ticide Residues in Food. EFSA J. 2017, 15 (4), 134.
https://doi.org/10.2903/j.efsa.2017.4791.

FRAC. FRAC Code List © 2018: Fungicides Sorted
by Mode of Action (Including FRAC Code Number-
ing); 2018.

European Commission. EU - Pesticides databa-
se https://ec.europa.eu/food/plant/pesticides/eu-
pesticides-database/public/?event=homepage&la
nguage=EN (accessed Aug 9, 2019).

Cuban National Bureau of Standards. NC 902:
2012. Pesticides in Foods — General Sanitary Re-
quirements; Oficina Nacional de Normalizacion:
Cuba, 2012.

Registro Central de Plaguicidas. Lista Oficial de
Plaguicidas Autorizados. Republica de Cuba; (Mi-
nagri), M. dela A., Ed.; Ministerio de la Agricultura
(Minagri): La Habana, Cuba, 2016.

Registro Central de Plaguicidas. Lista Oficial de
Plaguicidas Autorizados. Republica de Cuba; Cuba,
2008; p 422.

Hernandez Nuiiez, J.; Pérez-Consuegra, N. Ten-
dencias En El Uso de Plaguicidas En Bataban¢ ,
Provincia Mayabeque. Agric. Orgdnica 2012, 18
(1), 30-33.

| 207



40. Llanes Mendoza, O. L.; Gémez Herndndez, M.
M.; Pérez Brito, D.; Leén Marrero, O. Intoxicacién
Aguda Masiva Por Endosulfan. Inusual Emergen-
cia Médica. Rev Cub Med Int Emerg 2006, 5 (4),
554—560.

41. Pérez, N.; Infante, C.; Rosquete, C.; Ramos, A;
Gonzalez, C. Disminuyendo La Relevancia de Los
Plaguicidas. Alternativas a Su Uso. Agroecologia
2010, 5, 79-87.

42. Rosquete Pérez, C. Evaluacién de Impacto de La Su-
presién de Endosulfan En El Agroecosistema Giiira
de Melena, Artemisa, Cuba, Universidad Agraria
de La Habana “Fructuoso Rodriguez Pérez,” 2011.

208 |



	_Hlk58334677
	_Hlk58408866
	_Hlk58400842
	_Hlk58400861
	_Hlk58400893
	_Hlk58401062
	_Hlk58401095

