
INTRODUCTION

EXPERIMENTAL

Dithiocarbamates (DTC) fungicides have been used for over 60 years. The toxicological

importance of those fungicides in food, especially ethylenebisdithiocarbamates (EBDC), is related

to their metabolization to ethylenethiourea (ETU), known to altering thyroid function and has been

suspected of causing certain toxicities, such as immunotoxic, carcinogenic, teratogenic and

mutagenic effects.

Mancozeb is the third best-selling pesticide in Brazil; Rio Grande do Sul state is responsable

for approximately 25% of total DTC sold in Brazil, and 98% is represented

by mancozeb.
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Cromatographic conditions

➢ HILIC Colunm: OBELISC(5µm, 100A, 150mmx 

2.1 mm )

➢ Temperature constant: 35 ºC

➢ Mobile phases: 

Water 5mM ammonium formate (A)

Acetonitrile 0,1% formic acid (B)

➢ Isocrat elution: 15% mobile phase A

➢ Flow rate: 0.35 mL min-1 

➢ Injection volume: 5.0 µL 

➢ Run time: 5 min

Table 1. Trueness and precision for ETU, obtained for polished rice samples, spiked at 5, 10, 20 and

50 µg kg-1. Analyses were performed by LC-MS/MS.

Figure 1. LC-MS/MS chromatograms obtained from (a) an analytical standard solution prepared

from a blank polished rice sample, corresponding with a level of 4 µg kg-1 and (b) a spiked rice

sample extract, spike level at 5 µg kg-1.

Linear dynamic range of ETU was from 1 to 250 ng mL-1, which corresponds to a range of 4 to 

1000 µg kg-1.

ETU linearity was assessed by repeated injections (n=7) of analytical solutions at 1, 5, 10, 25, 50, 

100 e 250 ng mL-1 prepared in organic solvent (acetonitrile) and in blank polished rice extract (matrix-

matched calibration standard solutions). 

A matrix effect of -93% was observed due to ion suppression in the ESI source by the co-eluting

matrix componentes, as a consequence, ETU was quantified by matrix-matched calibration standards 

in order to compensate for any decrease in analytical signal. 

The validated methods were applied to 36 commercial polished rice samples collected in Rio

Grande do Sul/Brazil. The quality of the polished rice was satisfactory, in terms of the presence of

ETU, because no metabolite was found in the analyzed samples. The fast and efficient methods

applied performed very well for routine samples in monitoring studies.

Given rice importance, the goals of the present study were to

optimize and to validate an analytical method for ETU determination, and

apply the validated method to determine ETU in 36 polished rice

samples.

10 mL of alcaline acetonitrile

(1% NH3.H2O)

10 g of slurry – rice/ultrapure water (1/1; v/v)

4 g of anhydrous MgSO4 +  1 g of NaCl

Shaking for 30 seconds

Mechanical shaker for 3 min

Analysis by LC-MS/MS

Transfer 500 µL extract to a vial and add 

500 µL acetonitrile:water(85%)

Shaking for 20 seconds

Centrifugation (4min at 4000rpm)

Centrifugation (4min at 4000rpm)

Transfer 2 mL to tubes containing 50mg 

of PSA + 150 mg of anhydrous MgSO4

Spiked samples at 5, 10, 20 

and 50 µg kg -1  
Blank rice

Mass Spectrometry conditions

➢ Ionization mode: MRM mode operating in 

positive electrospray ionization mode (ESI+)

➢ Ion transitions:

102.9 > 44 for quantification

102.9 > 86 for identification confirmation

The method for ETU analysis by LC-MS/MS met the SANTE validation criteria and showed

reliable results for analysis of real samples. Although there is no MRL for ETU in rice, the method

presented, despite a significant matrix effect, is remarkably selective and accurate down to a

quantification level of 5 µg kg-1.

ETU was not detected in any of the analyzed samples, the monitoring should be continued,

because rice is a highly consumed food product in Brazil and DTC are massively applied.


