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Os agrotóxicos são usados em muitas culturas para prevenir e preservar os grãos de possíveis 
ataques de pragas. O objetivo deste trabalho foi avaliar a distribuição dos agrotóxicos bispiribaque 
de sódio, carbofurano, clomazona e tebuconazol nas diferentes frações do arroz beneficiado (arroz 
branco, farelo de arroz, arroz com casca, arroz parboilizado beneficiado, farelo de arroz parboilizado 
e arroz parboilizado com casca), o qual foi cultivado em campos experimentais sob condições 
controladas de aplicação. Para tanto, o método QuEChERS foi otimizado para a extração dos 
agrotóxicos e validou-se um método utilizando CLAE-DAD para quantificação e CL-EM para 
confirmação. O método QuEChERS modificado foi adequado na extração dos agrotóxicos, bem 
como as condições cromatográficas para identificação e quantificação, conforme os indicativos 
de eficiência determinados: LOD de 0,07 mg kg-1 e LOQ de 0,2 mg kg-1 para a mistura dos 
agrotóxicos, e recuperação para arroz e farelo de arroz de 119 e 116%, 84 e 119%, 113 e 96%, 
103 e 97% para carbofurano, bispiribaque de sódio, clomazona e tebuconazol, respectivamente. 
O método desenvolvido foi aplicado nas frações do beneficiamento e o farelo apresentou maior 
concentração de resíduo dos agrotóxicos, quando comparado ao arroz beneficiado, sendo 8,0, 
2,3, 2,2 e 1,6 vezes mais contaminado, em média, para tebuconazol, clomazona, carbofurano 
e bispiribaque de sódio, respectivamente. Apenas o clomazona e o tebuconazol apresentaram 
concentrações dentro do limite aceitável estabelecidos pelo Codex Alimentarius (0,1 mg kg-1) para 
o arroz beneficiado nas safras analisadas.

Pesticides are used to prevent pests from attacking grains in order to preserve the crops. This 
paper aims at evaluating the distribution of the pesticides bispyribac-sodium, carbofuran, clomazone 
and tebuconazole in different fractions of milled rice (white rice, rice bran, husked rice, parboiled 
rice, parboiled rice bran, and husked parboiled rice) which is planted on experimental fields under 
controlled conditions. The QuEChERS method was adapted to the extraction of pesticides and 
validated by using HPLC-DAD for quantification and LC-MS for confirmation. The analytical 
method of extracting pesticides, as well as the chromatographic conditions for identification and 
quantification, were suitable, according to certain efficiency indicators: 0.07 mg kg-1 LOD and 
0.2 mg kg-1 LOQ for the mixture of pesticides and rice and rice bran recoveries of 119 and 116%, 
84 and 119%, 113 and 96%, 103 and 97% for carbofuran, bispyribac-sodium, clomazone and 
tebuconazole, respectively. The method under development was applied to rice fractions: bran 
had the highest residue concentration of the studied pesticides, when compared to milled rice, 
showing 8.0, 2.3, 2.2 and 1.6 times more contamination, in average, with tebuconazole, clomazone, 
carbofuran and bispyribac-sodium, respectively. Only clomazone and tebuconazole were in the 
acceptable limits established by Codex Alimentarius (0.1 mg kg-1) for milled rice.
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Introduction

Pesticides are used to prevent pests from attacking 
grains in order to preserve the crops. These compounds 
have been shown to be toxic to humans and animals 
because they are carcinogenic, mutagenic, teratogenic 
and hormone mimickers, besides having the ability to 
persist in the environment.1-3 Depending on their chemical 
characteristics, the amount of pesticides and other biotic 
and abiotic conditions, these compounds may migrate 
into the grain. According to recommendations, pesticides 
should only be present on the outer layer and should be 
eliminated during grain milling, mostly in coproducts such 
as bran and husk. Nevertheless, there are few studies that 
have been carried out in order to analyze the distribution 
of contaminants in irrigated rice milling, especially in the 
inner portions. It is essential to adjust the use of pesticides 
and minimize contamination because of its consumption.

The world production of husked rice in 2009/10 was 
682 million tonnes.4 The Brazilian production reached 
11.36 million tons in 2009/10, while southern Brazil produced 
about 72%; Rio Grande do Sul is the main producer with 61%.5

The most common multiresidue method used for pesticide 
analysis involves an initial extraction phase with acetone, 
acetonitrile or ethyl acetate and other moderately polar 
solvents; the analytes of interest are transferred to an organic 
layer, whereas the undesirable co-extractives and some highly 
polar pesticides remain in the liquid phase.6-13 Anastassiades 
et al.14 developed an analytical method that is rapid, easy, 
cheap, efficient, robust and safe to monitor pesticide residues 
(QuEChERS). This method has advantages and possibilities 
provided by modern analytical tools. Besides, it was developed 
to generate extracts that are directly applicable to gas and liquid 
chromatography analysis.

The method involves an extraction with acetonitrile, liquid-
liquid partitioning after the addition of magnesium sulfate and 
sodium chloride mix; it makes the removal of a significant 
amount of polar components from the matrix easier. Finally, 
in the single purification step, the extract is mixed with the 
solvent. The advantages include rapidity, simplicity, reliability, 
robustness, low cost and reduced solvent use and it almost does 
not require the use of laboratory glassware, besides covering 
a broad range of extracted pesticides such as acidic, alkaline 
and highly polar ones.13,15 

High performance liquid chromatography (HPLC) is 
a technique applied to routine analyses in many different 
areas, including food. The use of different types of detectors 
helps in the identification and quantification of compounds.16 
It is widely used nowadays due to its advantages in relation 
to gas chromatography (GC), since there is a trend towards 
the use of more polar pesticides (they are considered more 

readily degradable17,18 and cannot be directly analyzed using 
GC at volatilization temperatures). Consequently, there 
is a need to develop methods using HPLC to determine 
these compounds and their metabolites.19,20 Detection can 
be accomplished using simple and rapid procedures such 
as diode array detector (DAD).21,22 Mass espectrometry 
detectors (LC-ESI-MS/MS) coupled to chromatographs 
lead to a conclusive identification of separated compounds 
based on the fragmentation of the ions after being 
submitted to an electromagnetic field. They can be used 
for result confirmation of other detection systems or for 
quantification.23

Therefore, this study aimed at evaluating the distribution 
of pesticides (bispyribac-sodium, carbofuran, clomazone 
and tebuconazole) recommended for irrigated rice in 
different fractions resulting from rice milling. Thus, a method 
employing QuEChERS and HPLC-DAD was validated 
for the extraction and quantification, besides LC‑MS,  
for confirmation, in order to determine multiple classes of 
pesticides in rice grain and rice bran. They are matrices 
with high carbohydrate, lipid, protein and fiber contents.

Experimental

Reagents and chemicals 

The following chemical reagents were used in this 
study: acetonitrile and methanol HPLC-grade (J. T. Baxter), 
hexane p.a., sodium chloride and phosphoric acid p.a. 85% 
(Merck). Water was purified with the Direct-Q UV3® system, 
resistivity 18.2 MW  cm (Millipore, Bedford, MA, USA). 
The pesticide standards used in this study, as well as their 
suppliers, purity degree, class, chemical group, toxicological 
class and chemical structures are shown in Table 1.

Preparation of the analytical solutions 

The stock pesticide solutions were individually 
prepared by dissolving the respective analytical standards 
in acetonitrile in order to obtain concentrations of 
1000 mg L-1. Work solutions were then prepared from these 
stock solutions at a concentration of 100 mg L-1. These 
solutions were used for the fortification and the preparation 
of the analytical curve solutions. All solutions were stored 
in amber flasks at -18 ºC and stirred in an ultrasound bath 
before use.

Instrumentation 

HPLC-DAD was performed by using an HPLC apparatus 
consisting of a Waters 600 pump model, associated with a 
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Waters 2996 Photodiode Array Detector, Rheodyne 20 µL 
loop injector, and connected to an Empower PDA software 
for data acquisition. The UV spectra were recorded in the 
210-400 nm range.

Two analytical columns were tested: WATERS 
Spherisorb ODS2 C18 (150  mm × 4.6 mm, 5  µm) and 
PHENOMENEX Synergi Fusion-RP 80A (250 mm × 
4.6 mm, 4 µm). 

Liquid chromatography with mass spectrometric 
detection (LC-MS) was performed in a Waters Alliance 
2695 Separations Module fitted with an autosampler, 
a membrane degasser and a quaternary pump. Mass 
spectrometry was performed on a Micromass Quattro 
Micro API with an ESI interface. Analytical instrument 
control, data acquisition and treatment were performed 
by software Masslynx version 4.1, 2005 (Waters, Milford, 
MA, USA). The column was Waters X Terra MS C18, 
(50 mm × 3 mm, 3.5 µm). 

Adequacy of the HPLC-DAD separation and detection 
process 

To choose the mobile phase composition, different 
ratios of solvents (methanol, acetonitrile, Milli-Q water 
and Milli-Q water at pH 3.0 acidified with phosphoric acid 
1:1 v/v, adjusted with a pH meter), deaerated in ultrasound 
bath for 30  min at room temperature were tested. The 
choice of the flow rate was based on experimental tests 
ranging from 0.8 to 1.0 mL min-1. Before determinations 
were made, the system was conditioned by the elution of 
the best chromatographic conditions for 1 h.

Maximum absorption spectra at the ultraviolet region 
were obtained by injecting each pesticide separately. 
Chromatographic peaks of the active principles were 

obtained; firstly, they were injected into the chromatograph 
under the same conditions and retention times were 
confirmed by the separate addition of the standards to the 
mix of the four compounds. The increase of the signal of 
the pesticide which was added, compared with the spectra 
obtained without the addition, confirmed the retention time. 
Afterwards, the mix of the four pesticides was injected 
to choose a wavelength that enabled their simultaneous 
visualization.

HPLC-DAD validation
The linearity of the determination was tested by 

preparing solutions at concentrations ranging from 0.1 to 
10 mg L-1, injected in triplicate. Standard peak area means 
were calculated in their respective maximum absorption 
wavelengths. The slope of the concentration: signal ratio 
and the coefficient of determination (r2) were then estimated. 

The limit of detection (LOD) of the instrument 
was determined considering the concentration whose 
chromatographic signal was threefold the signal of the 
baseline noise at the retention time of the peaks of interest. 
The limit of quantification (LOQ) of the instrument was 
considered as being the LOD value threefold.

LC-MS for confirmation of pesticides
The LC-MS chromatograph was conditioned by passing 

the mobile phase acetonitrile:water (70:30, v/v) both 
acidified with 0.1% (v/v) formic acid. The injection volume 
was 10 µL and the flow rate was 0.5 mL min-1. For the 
mass/charge ratio sign optimization, a solution of each 
pesticide at a concentration of 1 µg mL-1 was injected. From the 
infusion of pesticide individual solutions, the best conditions 
for the fragmentation of monitored ions were determined. 

Table 1. Description of the solid analytical standards

Compounds Suppliers
Purity 

Degree / (%)
Class Chemical Group

Toxicological 
class

Chemical structure

Tebuconazole Sigma Aldrich 99.6 Fungicide Triazole  III

Bispyribac-sodium Dr. Ehrenstorfer 99.0 Herbicide
Pyrimidinyl 

oxybenzoic acid
 III

Carbofuran Sigma Aldrich 98.8
Insecticide / 
nematicide

Benzofuranyl 
methylcarbamate

 I

Clomazone Sigma Aldrich 97.4 Herbicide Isoxazolidinone  III

Toxicity class: I most toxic; II moderately toxic; III slightly toxic.
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For linearity determination, six standard concentrations 
(0.001, 0.01, 0.05, 0.1, 0.5 and 1.0 mg L-1) were injected 
three times. The equation and coefficients of variation were 
calculated from the logged area values.

Modification of the QuEChERS method
The samples (rice grain and rice bran) in triplicate 

were fortified at the concentration of 1  mg  kg-1 for the 
tests and compared to a sample that was not fortified with 
pesticides. The concentration of the pesticides recovered 
during quantification was the criterion used for measuring 
the adequacy of the extraction. Table 2 shows the procedure 
changes made in the QuEChERS method, modified by 
Prestes et al.24 for the compounds under analysis. 

Samples 

Rice grain and rice bran samples used for validation 
of the multiresidue method were purchased in the retail 
market. Rice was ground by a multi-purpose mill (Tecnal, 
Te-631). Fractions that passed through a 32 mesh (0.5 mm) 
were separated through sieving for analysis. 

The study of pesticides distribution was carried out in 
rice samples cultivated on experimental fields at the Instituto 
Riograndense de Arroz (IRGA) located in Cachoeirinha, 
Rio Grande do Sul, Brazil, in two sequential harvests. BR-
IRGA 417 rice was sowed at a density of 100 kg ha-1. Four 
hundred kg ha-1 of a fertilizer (N:P:K = 05:20:30) was used. 
Eighty kg ha-1 of nitrogen was applied before irrigation, 
when the plants had three leaves. When they had 8 leaves, 
40 kg ha-1 of nitrogen was applied before the beginning 
of the differentiation of the panicle primordium. The 
pesticides clomazone (600 mL ha-1) and bispyribac-sodium 

(150 mL ha-1) were applied; the former was used before the 
first top-dressing and the latter, after the second top-dressing. 
Carbofuran (4 kg ha-1) was also applied after the third top-
dressing (50 kg ha-1 urea and 50 kg ha-1 KCl). 

In order to study the effect of the fungicide, an 
experiment with random groups was carried out. They were 
threefold and underwent two treatments: T1 - no fungicide 
application; T2 - tebuconazole was applied at the beginning 
of the panicle (R3-R4) at 0.75 L ha-1

 as an emulsionable 
concentrate (EC).

After harvest, samples were dried up to 13% humidity, 
milled as natural polished rice (white rice) and parboiled 
in the test mill Zacarria PAZ1DTA. Parboiling was carried 
out in the laboratory in a 1:1.5 ratio grain mass:water at 
65 ± 2 ºC for 5 h, autoclaved at 116 ± 1 ºC and pressure 
of 0.6 ± 0.05 kPa for 10 min. It was initially dried at 
50 ± 2 ºC up to 18% humidity and then, at 40 ± 1 ºC up to 
13% humidity.25

During polishing and parboiling, the following fractions 
were separated: husked rice, rice bran and amilaceous 
endosperm. Afterwards, fractions were ground and 
separated after sieving (32 and 65 mesh), codified and 
stored at -18 ºC until they were analyzed.

Modified QuEChERS method

After establishing the separation conditions and 
modifications tested for the extraction method, the modified 
QuEChERS method consisted of weighing 10 g of sample, 
stirring it in 20  mL Milli-Q water to form slurry. After 
this procedure, the slurry should be left to rest for 1 h and 
stirred again. 

For the extraction, 10  g slurry was weighed in a 
polypropylene tube with a threaded cover (50 mL capacity) 
to which 20 mL acetonitrile, containing 1% acetic acid, was 
added. The slurry was then vertically stirred by hand for 
45 s. Then, 5 g anhydrous magnesium sulfate was added 
and stirred. The tubes were then centrifuged at 5000 rpm for 
ten minutes and the supernatant (extract) was evaporated to 
10 mL, frozen and injected into HPLC-DAD and LC-MS.

Accuracy and precision 

The accuracy of the method was evaluated in terms of 
recovery. The recovery of the compounds under study was 
evaluated after fortification of the samples (rice grain and 
rice bran) with the analytical solution 10 mg kg-1 at three 
concentration levels (1, 5 and 10 times higher than the LOQ, 
according ANVISA26). The precision of the method was 
evaluated in terms of repeatability (RSDr) and intermediate 
precision (RSDip). In order to assess the RSDr and RSDip, 

Table 2. Conditions tested for the adaptation of the QuEChERS method

Variables Modification tested

Sample quantity 1, 10 and 25 g

Sample:water ratio (p/p) 1:1 and 1:2

Sample soaking time 30 and 60 min

Slurry mass 1, 10 and 20 g

Slurry mass/acetonitrile (suspension) ratio (p/p) 1:1 and 1:2

Anhydrous magnesium sulfate mass 3 and 5 g

Sodium acetate mass 0 and 1.7 g

C18 mass 0 and 600 mg

Suspension with alcoholic KOH 0.5% 0 and 10 mL

Suspension with SDS > 2.5% 0 and 10 mL

Reduction of the extracted volume yes and no

Extract freezing yes and no

Millipore filtration before injection yes and no
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fortification, extraction and quantification in triplicate were 
performed for every fortification level, resulting in n = 9 
(3 extractions × 3 injections each). RSDip was performed 
on two different days.

Application of the modified method

The modified method was used for extraction and 
pesticide residue analysis in the samples cultivated on the 
experimental fields and milled, resulting in husked rice, 
husked parboiled rice, white rice, parboiled rice, white rice 
bran and parboiled rice bran as described in the section 
Samples. All the analyses were made in triplicate.

Results and Discussion

Chromatographic conditions 

According to Pareja et al.,27 the GC determination 
is impossible in the case of some pesticides because of 
their polarity, low thermal stability or lack of volatility. 
Therefore, LC is an alternative for the analysis of these 
compounds when the most used detectors are UV, diode 
array detector (DAD) and MS. 

The best chromatographic conditions attained for the 
separation and detection of the pesticides in the HPLC-
DAD system were: analytical column Synergi Fusion-RP 
80A (250 × 4.6 mm, 4 µm); mobile phase acetonitrile/water 
(70:30 v/v) adjusted for pH 3.0 with H3PO4 (1:1 v/v) and 
flow rate of 0.8 mL min-1; detector diode array, monitoring 
at 220 nm; injection loop 20 mL and analysis time of 12 min.

The maximum absorption spectra for each pesticide 
were determined by injecting a solution of 1.0 mg L-1 and 
the results were used to confirm the identity of the analytes 
by comparing the spectra obtained from the standards with 
the samples and to quantify every component from the 
analytical curve. The maximum wavelength of 220 nm was 
chosen because it enabled the monitoring of all pesticides. 
Under these conditions, Figure 1 shows the profile of a 
typical separation chromatogram in the LOQ concentration 
and the spectra of the compounds. 

Table 3 shows the equations, coefficient of determination 
(r2) and linear range. The method shows good linearity, 
since r2 > 0.999 is considered evidence of an optimal fit of 
the data for the regression line.28,29 The method sensitivity 
was higher for clomazone and tebuconazole according to 
the angular coefficients of these equations, which showed 
higher variation in the concentration to signal ratio.30

Sample preparation by the QuEChERS method

The QuEChERS method has been developed as an 
alternative for sample preparation for the analysis of 
multiple pesticide residues in fruits and vegetables because 
of its simplicity, low cost, relatively high efficiency and 
minimal number of steps. It is used for food analysis because 
it combines several steps and extends the range of pesticides 
recovered over older, more tedious extraction techniques. 
In recent years, several modifications have been introduced 
to the original method, aiming to improve the recoveries of 
some problematic pesticides and to analyze complicated 
matrices. The traditional methods of determining pesticides 
in food are usually multi-stage procedures, requiring large 
samples and one or more extract cleanup steps. Therefore, 
they are time-consuming, labor-intensive, complicated, 
and expensive. They also generate considerable amounts 
of waste.13,27 To optimize the QuEChERS method, rice 
bran was used because it is the rice co-product with the 
most complex matrix. It has, in average, 13-15% protein, 
15-17% lipids and 8.5-10% fiber.31,32 

In order to better define the extraction method for 
the compounds under study, some different variables 
were tested. They were based on the QuEChERS method 
modified by Prestes et al.24 who uses the same rice mass, 
lower acetonitrile volume, 15 s stirring and lower masses 
of magnesium sulfate and sodium acetate for extraction. 
Additionally, C18 was used for cleanup and determination 
of pesticides in GC-MS with recovery rates ranging from 
70% to 120%.

After tests were performed, the basic changes in the 
method were related to slurry preparation. According to 
the original method,14 samples with low moisture content 

Table 3. Linear range, LOD and LOQ methods, analytical curve and coefficient of determination in HPLC-DAD and LC-MS

Pesticides

HPLC-DAD LC-MS

Linear equation r2 Linear range / 
(mg kg-1)

LOD / 
(mg kg-1)

LOQ / 
(mg kg-1)

Linear equation r2

Carbofuran y = 55200x - 201 0.998 0.1-10 0.07 0.2 y = 306.818x + 0.692 0.992

Bispyribac-sodium y = 46800x -  741 0.998 0.1-10 0.07 0.2 y = 109.754x + (-0.087) 0.992

Clomazone y = 78300x - 1150 0.999 0.1-10 0.07 0.2 y = 3010.900x + 12.044 0.992

Tebuconazole y = 84800x - 1470 0.999 0.1-10 0.07 0.2 y = 4517.360x + 13.949 0.990
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(< 80%) require the addition of water before extraction is 
started in order to improve the ability to extract compounds 
with the formation of pores that enable a better access to 
the extraction solvent. The best ratio for the preparation 
of the rice bran slurry was 1:2 (bran:water, m/m), i.e., 
10  g rice bran for 20  g Milli-Q water. The same ratio 
was used to prepare the rice slurry, with a resting time 
of 1 h before weighing for extraction, because sample 
preparation involves extraction and pre-concentration 
techniques. These steps should be followed in order to 
promote sample fractionation and enrichment with all the 
analytes of interest, freeing them from interferences which 
result from the matrix components.33 Pareja et al.27 reported 
modifications made in the original method such as the salts, 
their quantity and the amount of primary secondary amine 
or addition of acetic acid or formic acid to the extraction 
solvent, and the use of low temperature during the clean-up 
step. In this study, the increase in the amount of extraction 
solvent from 10 to 20 mL acidified acetonitrile and in the 
stirring time (from 15 to 45 s) improved the final recovery 
because solvent saturation was prevented, therefore 
avoiding the resulting loss of the compounds under analysis. 
The increase in the amount of magnesium sulfate from 3 to 
5 g also led to increased recovery, since the addition of this 
extract in the presence of water can promote the formation 
of a non-solubilized salt agglomerate which is dissolved 
by stirring the tube immediately. 

The sodium acetate was not used and cleanup was 
not performed by Prestes et al.;24 instead, the extract 
concentration was reduced to half its volume and the extract 

was frozen before injection in HPLC-DAD. Freezing the 
extract water destabilizes the some interfering compounds, 
namely proteins that are found in large amounts in rice bran, 
which then precipitate in the slightly acidified medium, 
leaving a clear extract which does not require filtering. At 
freezer or refrigerator temperature, fats are easily removed 
from the extract, so, it is a simple clean-up step that provides 
cleaner extracts for the analysis of unpolished rice, but a 
possible disadvantage is that some liposoluble compounds 
can be lost. The freezing-out clean up is also reported for 
cereals and dry animal feed, as a practical way to reduce the 
amounts of co-extractants, thereby improving identification 
and quantitation of certain pesticides.27

Table 4 shows the recovery values of the procedure 
and the reproducibility (RSDr) and intermediate precision 
(RSDip) values.

In food, both precision and accuracy of the determinations 
are dependent on the matrix complexity, the analyte 
concentration and the analysis technique. Precision can 
range from 2% to 20%,27-29,34 as for accuracy, recoveries 
can range from 70% to 120%.27,28,35 Considering the results 
shown in Table 4, both RSDr and RSDip ranged from 1% to 
20% and the recovery rate, from 81% to 121%. Therefore, 
the method is in accordance with the recommended 
parameters for procedure efficiency. 

All the sample-preparation techniques have advantages 
and disadvantages, depending especially on the type of 
pesticide and rice commodity combination, so it seems that, 
for rice commodities there is not a universal multiresidue 
methodology whose performance has been proved 

Figure 1. Chromatogram at LOQ concentration (A) and UV spectra (B). (HPLC conditions: monitoring at 220 nm; Synergi Fusion-RP 80A column; 
mobile phase acetonitrile/water (70:30 v/v) adjusted for pH 3.0 with H3PO4 (1:1 v/v) and flow rate of the 0.8 mL min-1).
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sufficiently. Multiclass, multiresidue methods (MRMs) 
are undoubtedly one way of addressing the problem of 
pesticide determination, given the great diversity of this 
group of compounds. However, the complex sample 
matrix may contain abundant quantities of chlorophyll, 
lipids, sterols and other components that can interfere with 
sample analysis, but there is not a universal multiresidue 
methodology whose performance has been considered the 
best. QuEChERS is a very versatile method that enables 
working at different pHs, and several modifications can 
be performed at the dispersive clean-up step to extend the 
range of pesticides that can be analyzed. Moreover, it is 
simple, cheap and environmentally friendly, as the solvent 
consumption is lower than that of other methodologies. 
Besides, it needs practically no glassware.13,27

After the validation of the QuEChERS method in the 
HPLC-DAD system, pesticide standards were injected 
into the LC-MS in order to find the best chromatographic 
conditions for the compound confirmation. LC-MS reduces 
the need for excessive clean up, resulting in reduced costs 
and time. It is generally combined with single-quadrupole 
or triple-quadrupole systems, quadrupole linear ion trap, 
or time-of-flight spectrometers or hybrid quadruple 
instruments. LC-MS applications reported for the analyses 
of pesticides in rice are performed with two different 
ionization techniques, electrospray ionization (ESI) and 
APCI. However, generally ESI is more often used.27

The compounds under study responded better in positive 
mode using electrospray ionization, with source temperature 
set at 100 °C, desolvation gas temperature at 350 °C. Flow 
rates of nitrogen gas for sample desolvation and sample 
cone were respectively 350 and 50 L h-1. Since LC-MS 

was used as a confirmatory method in this case, two stable 
fragments were chosen, and, with these transitions and their 
specific retention times, the presence of pesticides in samples 
quantified by HPLC-DAD was confirmed. Table 5 shows 
the fragmentation conditions for each pesticide and Table 3 
presents the equations and coefficients of determination (r2). 

Separation, quantification and confirmation of the 
pesticides in the samples

The method that was chosen and validated was applied 
to the samples cultivated on the IRGA experimental fields 
and the results are shown in Table 6.

The statistical evaluation of results in Table 6 points 
out that tebuconazole was the only pesticide that showed 
significant difference from one harvest to another, because 
it was the only pesticide that varied in the treatments on 
the experimental fields. By comparing the samples of each 
pesticide under evaluation, it was verified that bispyribac-
sodium and clomazone did not present significant 
differences, that is, grain milling and/or processing did 
not significantly affect the amount of residues. However, 
the same did not occur with carbofuran and tebuconazole, 
which presented large differences depending on the milling 
and/or process. The parboiling process contributed to the 
carbofuran and bispyribac-sodium migration to the starchy 
endosperm, but the same was not verified for clomazone 
and tebuconazole.

Some authors reported the effect of parboiling rice 
when using different pesticides and the results showed a 
significant reduction of residues in the parboiled paddy 
bran, depending upon the pesticide. They concluded that 

Table 4. Recovery, RSDr and RSDip of the method used for pesticides in rice grain and rice bran

Pesticides
Fortification 

level#

Recovery in 
rice grain / (%)**

Recovery in 
rice bran / (%)**

RSDr 
rice bran / (%)*

RSDip 
rice bran / (%)**

RSDr 
rice grain / (%)*

Carbofuran 1 LOQ 118 114 20 8 2

5 LOQ 121 116 15 1 2

10 LOQ 117 119 12 18 14

Bispyribac-sodium 1 LOQ 81 117 18 6 2

5 LOQ 85 119 14 4 9

10 LOQ 86 120 13 4 2

Clomazone 1 LOQ 114 94 14 2 2

5 LOQ 110 95 12 15 9

10 LOQ 115 98 17 3 1

Tebuconazole 1 LOQ 105 99 20 4 2

5 LOQ 101 95 12 16 2

10 LOQ 103 98 15 7 3

*n = 3 (3 injections of each extract); **n = 9 (3 extractions × 3 injections of each extract); # 1 LOQ = 0.2 mg kg-1; 5 LOQ = 1.0 mg kg-1; 10 LOQ = 2.0 mg kg-1.
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this reduction was due to inactivation or degradation of the 
pesticides during parboiling at high temperature (100 ºC). 
Samples of rough rice, hulls, brown rice, milled rice and 
cooked rice were also studied; the conclusion was that 
parboiling reduced residues on rough rice and hulls but 
tended to increase residues in the other fractions.27

The bran fraction, obtained from white rice milling or 
parboiling showed the highest concentration of pesticide 
residues, when compared to rice grain (white or parboiled). 
It was 8.0, 2.3, 2.2 and 1.6 times more contaminated, in 
average, with tebuconazole, clomazone, carbofuran and 
bispyribac-sodium, respectively. 

By comparing pesticides-treated (T) and non-treated 
(NT) samples, it was verified that those NT samples showed 
tebuconazole residues. This fact can be related to soil or 
irrigation water contamination used for cultivation.

Recommendations for maximum residue limits (MRL) 
vary in the literature. Comparing the levels of pesticides 
found in the samples with the highest MRLs values 
established by Codex Alimentarius36 and by ANVISA37 
for rice grain (0.01  mg  kg-1 for bispyribac-sodium; 
0.2 mg kg-1 for carbofuran; 0.1 mg kg-1 for clomazone and 
tebuconazole), it can be concluded that, among all samples 
under analysis, only tebuconazole and clomazone showed 

Table 5. Chromatographic conditions for pesticide confirmation in LC-MS (dwell time: 0.3 s)

Pesticides Cone voltage / V Precursor ion / (m/z) Collision energy / eV Ion product / (m/z)

Carbofuran 25
25

222
222

20
20

123
165

Bispyribac-sodium 35
35

453
453

22
25

275
297

Clomazone 30
25

240
240

15
20

100
125

Tebuconazole 40
33

308
308

20
50

70
88

Table 6. Pesticide contents determined in the samples

Samples Carbofuran / 
(mg kg-1)

Bispyribac-sodium / 
(mg kg-1)

Clomazone / 
(mg kg-1)

Tebuconazole / 
(mg kg-1)

Harvest 1

White rice grain (NT) 0.7Aa 0.8Aa < LOQAa ndAa

White rice grain (T) 1.3Aa 1.7Aa 0.2Aa 0.2Aa

Rice bran (NT) 1.1Aab 1.6Aa 1.0Aa < LOQAa

Rice bran (T) 3.7Aabc 2.0Aa 1.4Aa 1.5Abc

Harvest 2

White rice grain (NT) ndAa ndAa ndAa ndBa

White rice grain (T) ndAa ndAa < LOQAa ndBa

Rice bran (NT) 1.4Aab 1.1Aa 1.6Aa 0.3Ba

Rice bran (T) 3.4Aabc 3.3Aa 2.0Aa 1.4Bbc

Husked rice (NT) 4.9Abc 1.3Aa 1.5Aa 1.9Bc

Husked rice (T) 6.5Ac 5.9Aa 2.4Aa 5.2Bd

Parboiled rice (NT) ndAa 0.4Aa ndAa ndBa

Parboiled rice (T) 2.2Aabc 1.8Aa ndAa ndBa

Parboiled rice bran (NT) 0.4Aab 0.2Aa 0.2Aa 0.6Bb

Parboiled rice bran (T) 0.6Aab 0.3Aa 0.7Aa 1.5Bbc

Husked parboiled rice (NT) 1.6Aab < LOQAa < LOQAa 0.6Bab

Husked parboiled rice (T) 2.4Aabc 0.7Aa 0.6Aa 4.5Bd

nd = not detected; T = treated with fungicide and NT = not treated with fungicide. Different capital letters for the same pesticide indicate a significant 
difference between harvests at 95% confidence. Different lowercase letters for the same pesticide indicate a significant difference among samples (white 
rice grain, rice bran, husked rice, parboiled rice, parboiled rice bran, and husked parboiled rice) at 95% confidence.
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concentrations lower than the acceptable limits for white 
and parboiled rice. It may be pointed out that for whole 
rice, the risk of levels above the recommended limits may 
be higher. 

In most of the foods, pesticide residues suffer a large 
reduction during processing, but, in the case of cereals, 
the concentration of pesticides is reduced more slowly. 
Investigation of the fate of pesticide residues during 
processing or cooking is useful not only to evaluate the 
health risk of the estimated dietary expose but also to 
establish MRLs and recognize levels of pesticide residues 
in food. Particularly for rice, changes in the concentration 
of pesticides occur mainly during milling, cooking, 
parboiling and washing, but there are few studies of the 
fate of pesticides during rice processing.27

Therefore, results showed that rice husk removal was 
not enough to eliminate pesticides used in rice cultivation, 
thus, highlighting the importance of determining these 
compounds for the knowledge of chronic contamination 
risk of consumers when rice is part of the diet.

Conclusions

The modified QuEChERS analytical method was 
suitable for extracting the pesticides from rice bran and 
rice grain. Besides, the chromatographic conditions 
were proper to identify and quantify these components 
by HPLC‑DAD: LOD was 0.07 mg kg-1 and LOQ was 
0.2 mg kg-1 for all pesticides. Recoveries for rice and rice 
bran were 119 and 116%, 84 and 119%, 113 and 96%, 103 
and 97% for carbofuran, bispyribac-sodium, clomazone 
and tebuconazole, respectively.

 The bran fraction showed the highest concentration 
of pesticide residues, when compared to rice grain; it is 
8.0, 2.3, 2.2 and 1.6 times more contaminated, in average, 
with tebuconazole, clomazone, carbofuran and bispyribac-
sodium, respectively. Only clomazone and tebuconazole 
were within the acceptable limits established by Codex 
Alimentarius36 for milled rice.
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