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The objective of this study was to monitor 11 organophosphorus pesticides in samples of papaya, bell pepper, and banana,

commercialized in the metropolitan area of Vitéria (ES, Brazil). The pesticides were determined by an optimized and validated

method using high performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS). All three samples exhibited

a matrix effect for most of the pesticides, mainly with signal suppression, and therefore the calibration curves were produced in

matrices. Linearity revealed coefficients of determination (12) greater than 0.9895 for all pesticides and recovery results ranged from

between 76% and 118% with standard deviation no greater than 16%. Precision showed relative standard deviation values lower

than 19% and HorRat values lower than 0.7, considering all pesticides. Limits of quantification were less than 0.01 mg/kg for all

pesticides. Regarding analysis of the samples (50 of each), none of the pesticides exceeded the maximum residue limit determined

by Brazilian legislation.
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INTRODUCTION

With large, fertile lands and favorable weather for agriculture,
Brazil is one of the world’s main producers and suppliers of food,
reaching third place in the global ranking of fruit production (41.5
million tons) in 2010, with significant banana and papaya crops.'
During the same year, the country was one of the largest exporters
of fruits and vegetables of Latin America, thus contributing to the
growth of Brazilian agribusiness, which was corroborated in 2012,
when the export revenues raised to 910 million dollars.?

Among several fruits and vegetables commercialized in Brazil,
papaya, banana, and bell pepper achieved great prominence in the
country’s economy. Carica papaya, commonly known as papaya,
is produced in large scale in Brazil, which holds the second place
in global production, only behind India.> Moreover, the exports of
this fruit accounted for 23 thousand tons, causing it to be the fifth
most exported product in January/2013.*5 Similarly, banana (Musa
spp.) is one of the most produced and consumed fruits worldwide,
mainly in Brazil, which has a crop area of 71,253 hectares and ex-
ports accounting for 82 thousand tons in 2013.4 It is a fruit known
for its nutrients that contribute for elevated nutritional and energetic
levels.® Bell pepper (Capsicuum annuum), a vitamin C source and
rich in minerals, stands among the top ten vegetables consumed in
Brazil and around the world. In 2011 the Brazilian production was
approximately 365.7 million tons and its sales accounted for near
1.5 billion reais.”

Fruits and vegetables are crucial for a healthy diet, due to the
presence of significant amounts of nutrients and minerals. However,
at the same time they may contain hazardous substances, such as
pesticides.® Agricultural procedures with them still the most common
way in order to achieve food production in adequate quantities, as
they are an efficient tool against pests that can jeopardize production
and lead to food shortage.” Between 2007 and 2012, the amount of
pesticides used in crops was 346.6 thousand tons, making Brazil the
world’s leader in pesticide commerce in 2010 and the second largest
market for pesticides in 2012, the first being the United States.'*!!

*e-mail: rodrigo.scherer@uvyv.br

Amid the classes of most toxic compounds and with greatest
incidence in food in Brazil stand the insecticides, among which the
organophosphorus compounds are prominent, accounting for more than
36% of the global market.'> With the rising of the organophosphorus,
which are less persistent in the environment, organochlorine pesticides,
though less hazardous, were substituted for being more resistant in
the nature.”® In particular, organophosphorus are highly neurotoxic,
presenting inhibitory function of cholinesterase, which controls the
nervous system, leading to an elevation in levels of the neurotransmitter
acetylcholine at nerve endings and causing neurobehavioral losses in
humans.'*!* Besides, pesticides are connected to other chronic health
issues, such as cancer and adverse reproductive effects, dermatitis,
respiratory problems, and can also be mutagenic and teratogenic.'®"’

In Brazil there are several monitoring programs focusing on
evaluating food quality and on implementing controlling actions for
pesticides residues, as an endeavor to minimize the exposure of the
population to these contaminants.'®!” The Program for Analysis of
Pesticides Residues in Food (PARA), coordinated by the National
Sanitary Surveillance Agency (ANVISA), and the National Program for
Residues and Contaminants Control (PNCRC), ran by the Department
of Agriculture, Livestock, and Supply (MAPA), are responsible for
the monitoring of pesticides residues and for instituting maximum
residue limits (MRLs) in food. In recent years, pesticides residues were
found in about 65% of analyzed samples, revealing bell pepper to be
the vegetable with largest percentage of irregular samples, 90%, and
papaya with 20% of unsatisfactory samples.?*?? It is relevant to keep in
sight that, in the same year, the most abundant chemical group found in
crops was the organophosphorus one, with 38% nonconformities.?*?

In spite of the existence of the above-mentioned programs, they
only monitor small quantities of samples at each region, and that is
why they do not present the thorough reality of the incidence of pes-
ticides in food. Therefore, the objective of this paper is to validate a
method using sample preparation by QUEChERS method* and high
performance liquid chromatography with tandem mass spectrometry
(HPLC-MS/MS) to monitor organophosphorus residues in samples
of banana, papaya, and bell pepper from ten different market from
at Vitéria and Vila Velha cities (Espirito Santo, Brazil), during a
three-month period.
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EXPERIMENTAL
Chemicals and reagents

HPLC grade methanol and acetonitrile were purchased from
Tedia (Rio de Janeiro, Brazil) and J.T. Baker (Phillipsburg, USA),
respectively. Ultrapure water was obtained from a Direct-Q 3 UV
system (Millipore, France). The analyzed organophosphorus stan-
dards were bought from Absolute Standards in ampoules with 200
ug mL! of each pesticide (azinphos-methyl, mevinphos, sulprofos,
demeton-S-methyl sulfone, diazinon, etoprophos, fensulfothion,
fenthion, coumaphos, dichlorvos, and tetrachlorvinphos). Formic
acid was purchased from Synth (Brazil), whereas acetic acid was
obtained from Cromoline (Brazil). For the QUEChERS method,
anhydrous magnesium sulfate, primary secondary amine (PSA),
and sodium acetate (NaOAc), bought from VETEC (Brazil), Sigma
Aldrich (USA), and Panreac (EU), respectively.

Samples

From September to November, 2013, 50 samples of Cavendish
bananas, 50 of papaya, and 50 of green bell pepper were purchased
from markets and open markets at the metropolitan area of Vitéria (ES,
Brazil). Samples were collected every fifteen days in polyethylene
bags to store 1.0 kg of each sample (randomly chosen) and conducted
immediately to the laboratory for the analyses.

Extraction

Samples of banana, papaya, and bell pepper were extracted
according to the QUEChERS method described by AOAC Official
Method 2007.01.2* Each unit of the studied food, from its respective
sample, was cut in four pieces. Two were discarded and the remain-
ing ones were homogenized in a food processor. Part of the ground
sample was stored under refrigeration for retest. A 15 g portion was
inserted into a 50 mL Falcon tube and then 15 mL of acetonitrile
with 1% acetic acid, 6 g of anhydrous MgSO,, and 1.5 g of NaOAc
were added to the system. Next the system was homogenized in an
automatic agitator for 1 min and then centrifuged (Laborline Omega
P.I.C microprocessor system centrifuge) at 3000 rpm for 1 min. An
aliquot of 6 mL of the supernatant was transferred to a 15 mL Falcon
tube that previously contained 150 mg of anhydrous MgSO, and 50
mg of PSA. Afterwards the system was once again homogenized in
an automatic agitator and centrifuged at 3000 rpm for 1 min. The
final extract was filtered through a membrane (0.45 um pore, 13 mm,
non-sterile) to a vial and finally injected into the chromatography.
Extractions were conducted in duplicates and the samples were stored
at low temperatures (-10 °C to -30 °C range) prior to the assays.

Analysis

Chromatographic conditions (HPLC-MS/MS)

The analyses were conducted in an Agilent Technologies 1200
Series chromatography, with automatic sampler, quaternary pump,
degassing system, and reverse phase C18 column (4.6 mm x 150
mm, 5 umi.d., Agilent Eclipse XDB), kept at 35 °C, following AOAC
Offical Method 2007.1 with modifications.? The compounds were
separated using as mobile phase Milli-Q water with 0.1% (v/v) formic
acid (phase A) and methanol with 0.1% (v/v) formic acid (phase B).
The elution gradient started at 40% B, staying at this level for 2 min,
followed by linear growth up to 70% B in 5 min and up to 90% B
in 8 min, and then kept constant for another 5 min. Reequilibration
time was 2 min. Injected sample volume was 20 pL and the flow
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rate was constant at 0.8 mL min™'. The chromatography was coupled
to a mass spectrometer with triple quadrupole (API3200, Applied
Biosystems), operating in positive (+5500 V) ionization mode. Ion
source temperature was kept at 600 °C and nitrogen was used as
collision gas. Data were collected by multiple reaction monitoring
(MRM) and processed by the Analyst™ 5.0 software.

HPLC-MS/MS parameters optimization

Due to its sensitivity and selectivity for trace analysis in com-
plex matrixes, liquid chromatography is a widespread technique to
determine pesticides in large scale using MRM. As a way to obtain
maximum sensitivity to identify and quantify the target compounds,
the optimization of all mass spectrometer parameters was performed
for each analyte in a 0.8 ug mL"' acetonitrile solution with 0.1%
(v/v) acetic acid. Optimization of the parameters is displayed
in Table 1.

Method validation

Method performance was evaluated according to the reference
document DOQ-CGCRE-008, by the National Institute of Metrology,
Normalization, and Industrial Quality.> Evaluated analytical param-
eters were: selectivity (matrix effect), linearity, precision (repeat-
ability and intermediate precision), accuracy (recovery), and limits
of detection (LOD) and quantification (LOQ). The validation process
was developed using spiked samples and pesticide-free samples as
blank (with previously confirmed absence of pesticides in samples
of banana, papaya, and bell pepper).

Selectivity and matrix effect

Selectivity assesses the studied substance in presence of other
interfering compounds in the sample. Matrix effect is observed by
the increase or decrease of the detector response of an analyte in the
matrix extract when compared to the same substance analyzed in an
organic solvent. This evaluation was done by comparing detector
responses (peak areas), analyzing a standard solution of pesticides
in solvent (acetonitrile 0.1% (v/v) acetic acid) and in extracts of each
matrix (banana, papaya, and bell pepper) at three spike levels (0.05,
0.025, and 0.0125 mg L"), with seven repetitions each. The effect
was evaluated by the statistical test ANOVA. Groups with p<0.05
were considered statistically different.

Matrix effect was quantified by comparison of the slope of the
curve done in matrix extract and in solvent, estimated by the follow-
ing equation."

slope of the curve in matrix

Matrix effect (%) —( - l) x100

slope of the curve in solvelt

Linearity

Linearity corresponds to the ability of a method to present results
directly proportional to the concentration of the analyte within a
determined range. Linearity was assessed by coefficient of determi-
nation (r2), obtained by linear regression. In order to determine the
linear range, the statistical method of least squares was applied and
points with average residuals smaller than 15% were approved. For
the smallest concentration, however, this criterion was raised up to
20%. After evaluation of the linearity, the analytical curve was plotted
with at least 5 points by external standard.

Precision

Precision was tested by repeatability and intermediate precision
parameters in three concentration levels (0.05, 0.025, and 0.0125 mg
L") added to each matrix extract. For the repeatability assays, seven
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Table 1. Optimization of quantification and confirmation parameters of the pesticides

Compound CAS# MM Q, (m/z) Q, (m/z) DP (V) EP (V) CEP (V) CE (V)
Azinphos-methyl 86-50-0 317 318 132 36 5 18 19
160.2 36 4.5 18 13
Coumaphos 56-72-4 362 363 227 56 9 16 33
307 56 7 18 21
Demeton-S-methyl sulfone 8065-48-3 258.1 259.1 89 31 5 20 19
61 36 4.5 20 19
Diazinon 333-41-5 304.1 305.1 169.1 66 12 18 25
96.6 66 11 16 43
Dichlorvos 62-73-7 219.9 220.9 127.1 46 7 16 23
108.9 46 55 14 21
Etoprophos 13194-48-4 242 243 131 46 6.5 14 33
97 41 6 14 37
Fensulfothion 115-90-2 308 309 157 61 6.5 28 29
173.1 61 6.5 28 29
Fenthion 55-38-9 278.1 279.1 169.1 61 6 16 23
247.1 61 35 14 15
Mevinphos 7786-34-7 224 225 193.1 36 9 18 15
127 36 5.5 14 21
Sulprofos 35400-43-2 322 323 218.9 61 4 24 21
294.8 61 4 24 17
Tetrachlorvinphos 961-11-5 365.9 366.9 127.1 61 4.5 18 27
241 56 4 20 25

MM: molecular mass; DP: declustering potential; EP: entrance potential; CEP: collision cell entrance potential; CE: collision energy.

consecutive repetitions in each concentration level for each matrix
were performed. For intermediate precision, 21 tests in three different
days (7 per day) were done. In order to validate the acceptability of
precision, HorRat values were calculated by the following expres-
sion: HorRat = RSD/PRSD, where RSD is the relative experimental
standard deviation and PRSD is the predicted relative experimental
standard deviation, given by Horwitz equation: PRSD = 2(-05lee0)
where C is the concentration. Precision was considered adequate
when the HorRat value remained below 2.0.

Limits of detection and quantification

LOD reveals the smallest concentration of the studied substance
that can be detected, but not necessarily quantified. LOQ, on the
other hand, is the lowest concentration by which the analyte can be
measured with a certain confidence level. Determination of LOD and
LOQ was done by the signal-to-noise ratio method, using proportions
of 3:1 and 6:1, respectively, obtained from seven sample blank injec-
tions (pesticide-free matrixes). Practical quantification limit (PQL)
was defined as the lowest concentration of the linear working range.

Recovery

Recovery is defined as the proportion of the quantity of the target
substance present in or added to the samples from which it is extracted
and able to be quantified. Recovery of pesticides was estimated by
analysis of spiked samples in three different concentration levels,
with seven repetitions each. Each test utilized different concentrations
according to the matrix’s correspondent linear range: banana (0.009,
0.025, and 0.01 mg kg™!), papaya (0.009, 0.125, and 0.025 mg kg™),
and bell pepper (0.00625, 0.0125, and 0.1 mg kg'). Recovery was

determined by the arithmetic mean of the obtained values from the
following equation:

R(%) =

C1+C2) 100
c3

where C1 is the concentration of the analyte in the spiked sample,
C2 is the concentration of the analyte in the non-spiked sample, and
C3 is the concentration of the analyte added to the spiked sample.

Statistical analysis

All results are displayed as arithmetic mean =+ standard deviation.
Data were analyzed by ANOVA, followed by a post-hoc Tukey test and
significance was accepted when p<0.05. Analyses were conducted
by Statistica™ 6.0 Statsoft, Inc.

RESULTS AND DISCUSSION

All 11 studied pesticides (azinphos-methyl, mevinphos, sulprofos,
demeton-S-methyl sulfone, diazinon, fensulfothion, fenthion, etop-
rophos, coumaphos, dichlorvos, and tetrachlorvinphos) belong to the
class of organophosphorus compounds, the major group of pest con-
trollers used in agricultural production. They are organic compounds
that contain phosphorous and generally present an ester in their
structure.?*?’ The pesticides selected for this study are not authorized
for banana, papaya, and bell pepper crops;* consequently, the em-
ployed analytical methodology has minimum required performance
limit (MRPL) of 0.01 mg kg'.?° But the fact that these pesticides are
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still authorized for other crops makes their improper use persistent,
bringing along serious consequences for the environment and for
human health, as they are classified as highly or moderately toxic.

Matrix effect

It is known that matrix interferents can increase or decrease the
signal of the analyte in chromatography tandem mass spectrometry,
generating the so-called matrix effect. Both matrix components and
pesticide structure can affect the analyte signal. Therefore, as an
alternative, the calibration curve in matrix extracts was used, as it
is recommended when matrix effect occurs.” Results revealed that
more than 78% of the analytes presented matrix effect in all diffe-
rent concentrations for all samples, except for demeton-S-methyl
sulfone, which did not display matrix effect in banana extracts, and
for fensulfothion, in bell pepper. It was also observed that the lowest
concentration, 12.5 mg L', did not present significant difference when
comparing the curves in solvents and in matrixes in the majority of
the analyses. Furthermore, from the three examined matrixes, papaya
showed more intense matrix effect than banana and bell pepper.

Curbelo et al. analyzed matrix effect in banana leaves and proved
that all tested analytes (seven organophosphorus and one tiadiazinone)
exhibited relevant matrix effect when assessed in samples.® In other
study, matrix effect was evaluated by comparison of the detector
response for standards of seven pesticides prepared in solvent with
those prepared in matrixes of banana and mango, and the effect was
also observed.”

As matrix effect was confirmed for most analytes, it was quan-
tified by the comparison of the slope of the curves done in matrixes
of banana, papaya, and bell pepper and the slope of the curve done
in pure solvent for each pesticide. Negative or positive values from
the equation mean matrix-induced suppression or enhancement of the
signal, respectively. Depending on the results, distinct matrix effects
can be observed: it was considered low signal suppression when the
result was between -20% and 0%; low signal increase when between
0% and 20%:; moderated effect when between -50% and -20% or 20%
and 50%; and strong signal suppression or signal enhancement when
the values were below -50% or above 50%, respectively.'

In this study, most of the pesticides displayed a decrease in signal,
that is, from the 31 samples of papaya, banana, and bell pepper, 26
had negative matrix effect results. In a HPLC-MS system, signal
suppression occurs more often, since the matrix components decrease

Table 2. Recovery (%) and matrix effects of pesticides in samples
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the efficiency of spray formation and/or decrease the amount of gene-
rated ions.*® Three cases revealed mainly strong signal suppression,
but papaya was significantly stronger when compared to banana and
bell pepper. Signal suppression or signal enhancement responses for
the three matrixes altogether were: low in 16.13% of the samples;
moderated in 19.35%; and strong in the 64.52% remaining. These
results are shown in Table 2.

Linearity

As matrix effect was noticed in the majority of the analyzed
matrixes, calibration cures were done in matrixes of banana, papaya,
and bell pepper for the eleven pesticides in concentrations ranging
from 0.2 to 0.00625 mg kg, mainly due to matrix effect. Results
exhibited that the coefficient of determination for all pesticides were
above 0.9903, except for fenthion, which had 12 of 0.9895 in papaya
samples (Table 3). Residuals found in the three samples remained
below 19.7% for the PQL and below 14.9% for the remaining points,
which is under the limits established by ANVISA (lower than 15% for
regular points and lower than 20% for the lowermost concentration).

The coefficient of determination of the curve done in banana
samples were between the 0.9920 and 0.9992 range, which agrees
with studies done in Spain, which certified that the detector response
for the banana matrix was linear for the tested organophosphorus
pesticides tested with coefficients above 0.992.3!

For papaya samples, on the other hand, 12 varied between 0.9895
and 0.9994. In a study done by Navickiene et al., linearity was also
determined by papaya sample blank and the results revealed linear
response with r2 ranging from 0.962 to 0.999.% For bell pepper sam-
ples, coefficients of determination were between 0.9940 and 0.9998.
As the matrix effect was significant, quantification was developed
using the calibration curves obtained by the samples of banana,
papaya, and bell pepper.

Precision

After the conclusion of the 90 analyses, it was observed that all
organophosphorus in the three studied samples and in the three con-
centrations presented RSD below 20%, corroborating other authors
who assessed precision in banana and papaya samples.?$3233

Values of RSD (%) in the repeatability studies varied from 2.8
to 18.4 for banana; from 3.1 to 13.8 for papaya; and from 4.2 to 14.3

Recovery (%) Matrix effect (%)

Pesticides Banana Papaya Bell pepper Bell

0.009 0.025 0.1 0.009 0.0125 0.025 0.00625 0.0125 0.1 Banana  Papaya pepper

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Azinphos-methyl 98.3+x12.0 108.5+5.6 100.0+4.3  783+0.8  99.5%x1.5 105.5+3.8 111.5+10.0 104.3%£8.5 99.2+2.4 41.5 -4.8 -4.3
Coumaphos 87.2+13.0 102.5£7.7 109.1£6.9  922+6.5  96.4+2.8  99.9+5.6 106.0+8.1 97.5£5.9  96.2+4.1 41.0 -50.7 -39.0
Demeton-S-methyl sulfone  98.2+2.0  99.8+6.8 95.9+11.4 87.9+40 904428  96.5+2.4 118.0+x10.1 106.1+4.6 91.8+3.6 * 14.1 17.4
Diazinon 84.3+16.3 106.9+8.8 110.6+8.4 100.3x0.8 99.2+1.9 102.4+29 102.2+7.9 93.7#3.0 88.3x129 -128.7 -520.5 -497.1
Dichlorvos 99.6+4.4  1024£32 96.6+3.2 92569  974+4.6 100.3x2.4 92.7+0.7  94.6x0.7 100.5+2.2 433 -77.4 -71.3
Etoprophos 90.2+6.6  108.8£59 96.3x1.6  97.9£2.8 100.2+5.1 103.8+3.3 87.2+11.4 85.0+4.5 100.7+2.6  -528.0 -702.2 -447.0
Fensulfothion 93.3+4.6 102564 103.3£7.6 104.0x1.6 101.8+3.7 100.5+2.4 94.2+7.7  90.9+7.5  89.7£7.0 -142330.0 -294567.7 -270687.2
Fenthion 90.7+15.1 106.6+6.3 102.3+4.8 94.2+6.3 108.8+10.6 102.1x11.2 94.5%12.0 84.4+24 103.2+1.7 -554.7 -1520.3 *
Mevinphos 91.5£9.1 102.0+2.8 105.6+5.0 118.9+1.9 105.9+3.0 113.9+2.3 98.3+6.9  87.7#44  79.0+4.3  -830.4 -792.9 -750.2
Sulprofos 91.9+5.1  97.6x4.6  98.6+59  757x89  90.1+6.5 114.7x5.0 101.8+12.7 95.0+14.7 80.8+5.1 -84.6 2725 -48.9
Tetrachlorvinphos 86.6+x11.8 92.7#5.6 106.1x3.7 933+3.7 100.7+4.8 96.2+48  99.5£3.4  94.6+9.3 102.5£2.6  -159 -362.8 -173.1

*no matrix effect observed.
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Table 3. Assessment of linearity and limits of detection and quantification of pesticides in matrices
Banana Papaya Bell pepper

Pesticide 2 Liniz:; /i(agnge ;‘g(/)kDg ;I;g(/)k% 2 Linearrange LOD LOQ > Linearrange LOD LOQ
Azinphos-methyl 0.9973  0.00625-0.2  0.16 0.31 0.9903  0.0090-0.1 0.03 0.05 0.9992  0.00625-0.1 0.67 1.35
Coumaphos 0.9959 0.00625-0.2  0.59 1.17 0.9953  0.0090-0.1 0.05 0.11 0.9970  0.00625-0.1 0.53 1.06
Demeton-S-methyl sulfone  0.9986  0.00625-0.1 0.02 0.05 0.9924  0.00625-0.2  0.14 0.28 0.9973  0.00625-0.2  0.17 0.35
Diazinon 0.9985 0.00625-0.2  0.11 0.21 0.9993  0.00625-0.5  0.05 0.11 0.9974  0.00625-0.1 0.11 0.22
Dichlorvos 0.9987 0.00625-0.2  0.34 0.68 0.9989  0.00625-0.2  0.85 1.70 0.9998 0.00625-0.2  1.05 2.11
Etoprophos 0.9992  0.00625-0.2  0.22 0.37 0.9960 0.00625-0.5  0.08 0.17 0.9986  0.00625-0.2 1.43 2.86
Fensulfothion 0.9984 0.00625-0.2  2.14 4.28 0.9994  0.0090-0.1 0.04 0.09 0.9996 0.00625-0.2  0.89 1.77
Fenthion 0.9920  0.009-0.1 0.38 0.77 0.9895  0.00625-0.5 1.18 2.36 0.9990 0.00625-0.2  2.20 4.41
Mevinphos 0.9987  0.00625-0.2 1.34 2.68 0.9984 0.00625-0.2  0.92 1.84 0.9992  0.00625-0.2  0.58 1.16
Sulprofos 0.9979  0.00625-0.2  0.17 0.32 0.9970  0.0090-0.2 0.22 0.44 0.9941  0.00625-0.2  2.89 5.79
Tetrachlorvinphos 0.9983  0.00625-0.2  0.22 0.75 0.9968 0.00625-0.5  0.25 0.84 0.9980  0.00625-0.1 0.38 1.26

for bell pepper, considering the concentration levels mentioned in
section 2.5.3. Values of intermediate precision ranged from 4.6 to
19.0 for banana; from 3.8 to 19.0 for papaya; and from 5.0 to 18.2
for bell pepper at the same concentrations. In the same way, HorRat
values were smaller than 0.7 considering all performed analyses.
Results showed that the majority of the pesticides displayed RSD
no greater than 10%, agreeing with Carneiro et al., who validated
128 pesticides in bananas and demonstrated that most of their RSD
results were also below 10%.*

Accuracy

Method accuracy was estimated by recovery assays that were
conducted for the pesticides at three spike levels. For the recovery
done in the banana matrix, the concentrations were 0.1, 0.025, and
0.009 mg kg'!; for papaya, 0.025, 0.0125, and 0.009 mg kg'; and for
bell pepper, 0.1, 0.0125, and 0.00625 mg kg™!, with seven replicates for
each level in the three samples. These results are displayed in Table 2.

All tested pesticides exhibited recoveries between 76 and
118% with RSD between 0.7 and 16%. Carneiro et al., who used a
QuEChERS method along with UHPLC-MS/MS in order to quantify
128 pesticides in bananas, also reached good recovery results (70-
120%), with RSD below 20% for most tested analytes.* Navickiene
et al. applied a method based on the dispersion of solid phase matrix
and GC-MS to determine seven pesticides in papaya and mango, ob-
taining average recovery rates from 80 to 146%, with RSD between
1.0 and 28%.%

Limits of detection and quantification

LOD and LOQ were evaluated by the injection of banana, papaya,
and bell pepper matrix blanks and of the lowermost concentration
of the calibration curve, respecting the linear working range of each
analyte. LODs of all three matrixes were between 0.02 and 2.14 ug
kg'; 0.03 and 1.18 pg kg'; and 0.11 and 2.89 ug kg, respectively
(Table 3). For the LOQs, on the other hand, the results ranged between
0.05 and 4.28 pg kg for banana; 0.05 and 2.36 pg kg™ for papaya;
and 0.22 and 5.79 pg kg™! for bell pepper.

Sample monitoring

Method development was used for monitoring and analyzing
pesticides residues in samples of banana, papaya, and bell pepper that

were bought during three months at ten markets and open markets. All
the 150 samples were extracted by QUEChERS and then analyzed by
HPLC-MS/MS. This extraction method, along with chromatography
and spectrometry techniques, has been widely used for the analysis
of pesticide residues in food, presenting itself as an excellent option
for cleaning up complex samples.

Peak identification was verified by comparison of retention times,
by formation of precursor ion and product ion, and by injection of the
spiked sample. No residue of the assessed pesticides was found in the
studied samples. Only dichlorvos was detected in a single bell pepper
sample, at the first fortnight of October, but in a level below the LOQ.

The presence of pesticides in food is so worrying that ANVISA
created PARA in 2001 as a way to monitor pesticide residues in
several foods in Brazil. In 2010, this program tested 18 crops, inclu-
ding papaya and bell pepper, in 26 states. In Espirito Santo State, 6
papaya samples and 6 bell pepper samples were analyzed. Only one
papaya sample was irregular, while all bell pepper samples presented
nonconformities. The major pesticide class found in the analyses was
the organophosphorus one, which present high toxicity and is not
allowed for these crops, causing occupational risk to rural workers
and other harmful effects to consumers.?' The report of the activities
of the 2011/2022 biennium released by PARA monitored 67 foods
in Espirito Santo and 22 irregularities were found, among which the
ones related to papaya and bell pepper crops. From the eight analyzed
samples of each food, one was illegal for papaya and 5 for bell pe-
pper. In the same way as the previous year, the organophosphorus
class was the major chemical group found in the study, accounting
for 38% of the irregularities.

Another governmental agency that works with pesticide residue
monitoring is MAPA, which coordinates the PNCRC of products with
vegetal origin. During the 2011/2012 crop year, PNCRC evaluated
23 crops, including banana, papaya, and bell pepper, revealing 100%,
91.3%, and 37.3% conformity rates, respectively. Papaya was the
only analyzed sample from Espirito Santo, with 90.81% conformity,
as 9 were irregular from the 98 tested.** 24 samples of papaya were
also monitored in the state, during the 2012/2013 crop year, and 7
presented nonconformities.>

After the comparison between the data of this study with those of
PARA and PNCRC, it can be concluded that the results were analo-
gous. PARA did not find any residues of the pesticides analyzed by
this study when testing the same crops. Likewise PNCRC revealed
100% conformity for all three samples regarding the organophospho-
rus pesticides analyzed by both studies (azinphos methyl, coumaphos,
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demeton, diazinon, dichlorvos, etoprophos, fenthion, mevinphos,
and sulprofos). Therefore it can be noticed that the producers from
Espirito Santo either are not using these pesticides or are utilizing
them correctly; nevertheless, it is important to keep in sight that
the pesticides assessed by this study are not allowed by Brazilian
legislation for these crops.

CONCLUSION

The developed and validated multiresidue method for the simul-
taneous determination of 11 organophosphorus in samples of banana,
papaya, and bell pepper was efficient for this application. Significant
matrix effect with signal suppression for most compounds was obser-
ved; thus, the analytical curves were done in the matrixes. None of
the pesticides in the monitored samples exceeded the allowed limit,
which indicates that these forbidden compounds are not being used
by their producers in Espirito Santo.
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