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Abstract: Dithiocarbamates (DTCs) are important organosul-
fur compounds, which act as inhibitors of metal dependant and
sulphydryl enzymes and have a serious consequence on biological
systems. They possess variety of the applications in agriculture
as fungicides, as well as, in the rubber industry as vulcanization
accelerators and antioxidants. In this way, DTCs are the main
group of fungicides used to control approximately 400 pathogens
of more than 70 crops and are registered in all the EU mem-
ber states and many other countries. Ethylenthiourea (ETU)
and propylenthiourea (PTU) are the most important transfor-
mation products of DTCs suspected to cause various pathogenic
effects. A rapid and very sensitive method for trace analyses of
transformation products of DTCs by liquid chromatography was
successfully introduced. Good recoveries for different matrices
and low limits of detection and quantification were achieved.

1. Introduction

Dithiocarbamates, (DTCs) introduced 40-70 years ago, still belong to the most widely
used agricultural. DTCs can be categorized into three subclasses depending on their
carbon skeleton: dimethyldithiocarbamates (DMDs), ethylenebis(dithiocarbamates)
(EBDs), and propylenebis(dithiocarbamates) (PBDs) (Cronogorac and W., 2009).
Particularly, ethylenebisdithiocarbamates (EBDs) are among all the most commonly
employed organic fungicides in the current agricultural practice. EBDs have low wa-
ter solubility, low short-term toxicity and degrade rapidly in presence of the moisture
and/or oxygen, whereas their metabolites are more polar and usually have some haz-
ardous effects to humans. Ethylenethiourea (ETU) is the major degradation product
of several EBDs (Fig. 1), like maneb, mancozeb, zineb and metiram. In addition,
ETU can appear as an impurity of commercial EBDs formulations, during the prod-
uct storage and also when foods containing these fungicides are cooked.

Another compound related to the dithiocarbamates is propylenethiourea (PTU),
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Fig. 1. Possible degradation pathways of ethylenebis(dithiocarbamates (EBDs), yield-
ing ethylenethiuram disulfide (ETD), ethylenebisdiisothiocyanato sulfide
(EBIS), and ethylenethiourea (ETU) (Schwack, 2012).

the main metabolite of the prophylenebisdithiocarbamate (PBDs) propineb. As for
other EBDs, propineb is practically insoluble in the water and has low acute toxicity.
Nevertheless, PTU is suspected to cause various harmful effects, as it is proved to be
a potential carcinogenic to animals. Similarly to ETU, PTU is highly soluble in water
and relatively stable to hydrolysis and photolysis, although it can be photodegraded
in aqueous solutions in presence of humic acids. Consequently, suitable analytical
methods are needed to detect and quantify the ETU and PTU in environment, as
they are both toxicologically relevant and can become a serious environmental concern
(Ripolles et al., 2012).

2. Experimental

2.1. Chemicals

Acetonitrile HPLC gradient grade, was purchased from Sigma-Aldrich (Steinheim,
Germany). Sodium hydrogen carbonate p.a., and sodium hydroxide p.a. were ob-
tained from Merck (Darmstadt, Germany), ammonium hydroxide solution (28%) from
Fluka (Buchs, Switzerland) and DL-penicillamine (97%) from Alfa Aesar. ETU, PTU
and d4-ETU were purchased from High Purity Compounds (Cunnersdorf, Germany).
Ultra pure water was supplied by an ELGA Purelab Classic system (Veolia, Saint
Maurice, France).
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2.2. Solutions

Extraction buffer was prepared with sodium hydrogen carbonate and DL-penicillamine
and adjusted to pH 12 with sodium hydroxide solution (20%).

Calibration standards: an internal standard solution with a concentration of 500
mg·L−1 was prepared by dissolving 5 mg d4-ETU in 10 mL acetonitrile. In the same
way, a ETU and PTU stock solution (500 mg·L−1) was prepared in acetonitrile.
For the preparation of ETU and PTU standard solutions, the ETU and PTU stock
solution was diluted (1:50) with acetonitrile. Appropriate volumes of this dilution
(50 µL to 250 µL) were pipetted into 10-mL volumetric flasks, 50 µL of the internal
standard solution was added, and the flasks were filled up with extraction buffer to
exemplarily achieve standard solutions with ETU and PTU different concentrations.

2.3. Sample extraction

Apples and tomatoes were purchased in a local market. Samples were spiked with
ETU and PTU by dropwise applying respective volumes of the ETU and PTU stock
solution onto the surface of 100 g of samples. Before extraction, the samples were
air dried for at least 2 hours. Without cutting or milling, the entire fruit samples
(about 100 g) were weighed into 1-L polyethylene bags. Extraction buffer (100 mL)
and the internal standard solution (50 µL) was added. The bags were clipped shut
and placed on a shaker. The extracts were filtered though 45 µm membrane filters
into autosampler vials and directly used for LC-MS analysis.

2.4. LC/MS analysis

Chromatography was performed on a ZIC-pHILIC column, 150 x 4.6 mm, 5 µm
(Merck-SeQuant (Darmstadt, Germany) with acetonitrile/10 mM ammonium hydrox-
ide solution (95/5) at a flow rate of 0.7 mL·min−1 with a run time of 30 min. The
injection volume was 5 µL. Analyses were carried out on an Agilent (Waldbronn,
Germany) 1100 modular HPLC system coupled by a flow splitter (1:1) to a G1956B
MSD single quadrupole mass spectrometer equipped with an atmospheric pressure
electrospray ionization interface (API-ES) and ChemStation software (Agilent). For
the analysis the selected ion monitoring (SIM) in ESI positive mode were used with
m/z 103, 107, 117 for ETU, d4-ETU and PTU respectively.
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Fig. 2. Chromatograms from flow injections of ETU and PTU.
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3. Results & Conclusions

The paper describes the procedure of the determination of ETU and PTU by LC/MS.
Fig. 2 shows chromatogram obtained from injection the ETU and PTU.

Using d4-ETU like internal standard, linear calibration functions with high coef-
ficients of correlation were obtained.

Tomato and apple samples spiked with ETU and PTU in the range of 0.05 mg/kg
to 0.25 mg/kg showed good recoveries (Tab. 1). The LOD and LOQ were determined
to 0.65 µg/kg and 2.1 µg/kg, for ETU, and 1.42 µg/L and 4.16 µg/kg for PTU,
obtained on a single-quadrupole mass spectrometer.

Tab. 1. ETU and PTU recoveries from fruit and vegetable samples spiked with ETU
and PTU

Analyte Matrices
Spiking
level
[mg/kg]

Recovery
±

RSD [%]

LOD
[µg/kg]

LOQ
[mg/kg]

ETU

apples 0.052 102 ±4.9 0.65 2.1

0.104 95± 7.8

0.26 100±2.5

tomatoes 0.052 99 ± 6.7

0.104 100 ±5.8

0.26 97 ± 10.5

PTU
apples 0.048 90±4.7 1.42 4.16

0.096 80±2.4

0.241 76±2.8

tomatoes 0.048 101±8.4

0.096 98±1.8

0.241 84±2.1

A rapid and very sensitive method for trace analyses of the transform product of
dithiocarbamate fungicides by high-performance liquid chromatography/electrospray
ionization mass spectrometry was successfully introduced.

The main advantages are the small sample amount required, speed, low cost,
cleaned blanks and the satisfactory recoveries, precision and LOQs provided. The
ETU and PTU residues determination in fruits and vegetables can be achieved with
unequivocal identification of the compounds.
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