10/25/00

ENVIRONMENTAL FATE OF ETHYLENETHIOUREA
Sue Xu
Environmental Monitoring & Pest Management
Department of Pesticide Regulation
830 K Street
Sacramento, CA 95814-3510

Ethylenethiourea (ETU) is a major degradation product of widely used
ethylenebisdithiocarbamate (EBDC) fungicides. In water, ETU is relatively stable to hydrolysis
but can be rapidly photolyzed in the presence of photosensitizers, which are present in many
natural waters. The photolysis half-lives of ETU in natural water are reported as 1 to 4 days.
The identified degradates are glycine sulfate, Jaffe’s base, ethyleneurea (EU) and hydantoin. In
soil, ETU is chemically and biologically degraded to EU with half-lives of 1 to 7 days under field
conditions. Under aerobic conditions, ETU and EU can be further mineralized to CO2. ETU is
fairly mobile in general wet soil due to its weak soil adsorption and high solubility. The field
dissipation half-life of ETU is less than 1 week due to the rapid microbial degradation. If
released to air, ETU can easily be removed by rain or through reacting with hydroxyl radicals.
The half-lives of ETU in air are 8-9 days.

A.

PHYSICAL AND CHEMICAL PROPERTIES

1.

Common Name:

Ethylenethiourea

2.

Chemical Name:

2-Imidazolidinethione
Imidazoline-2-thiol

3.

Trade Names:

NA-22, NA-22-D, Pennac CRA, Robac-22,
Rodanin S- 62, Sanceller-22, Soxinol-22, Occeler-22

4.

CAS Registry No.:

96-45-7
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5.

Structural Formula:
S

HN

NH

6.

Empirical Formula:

C3H6N2S

7.

Molecular Weight:

102.2

8.

Melting Point:

203-2040C

9.

Solubility:

Water (Merck Index, 1996)
20,000 ppm at 300C
90,000 ppm at 600C
440, 000 ppm at 900C
Organic Solvents at 180C (H&S, 1999)
DMSO:
≥100,000 ppm
95% Ethanol:
1,000 – 5,000 ppm
Dimethylformamide: 5,000 – 10,000 ppm

10.

Vapor pressure:

< 1mm Hg at 200C (H&S, 1999)

11.

Octanol/water partition coefficient:

log Pow = -0.66 (Vershueren, 1996)

B.

ENVIRONMENTAL FATE
Hydrolysis
Ethylenethiourea (ETU) is very stable to hydrolytic reactions (IUPAC, 1977). The
concentration of 1 ppm ETU solution remained constant after 48 hours (Lyman and
Lacoste, 1974). Crucickshank and Jarrow (1973) also reported that ETU was persistent to
hydrolysis over the pH ranges of 5-9 at room temperature or at 900C for 90 days, as
evidenced that the concentration of initial 1% ETU solution did not change during the
study period.
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Photolysis
Aqueous photolysis is considered a major degradation pathway for ETU (IUPAC,
1977; USEPA, 1988). Ross and Crosby (1973) reported that 0.64 ppm ETU degraded
extremely slowly in deionized water in the absence of photosensitizers. However, after
mixing with a photosensitizer (acetone), 95% of the initial dose (0.64 ppm) was
degradated after 4 days under a laboratory photoreactor. ETU, with concentrations
ranging from 10 to 25 ppm, was also exposed to sunlight with a photosensitizer
(riboflavin); less than 5% of initial ETU was detected after 4 days. Ethyleneurea (EU)
and glycine sulfate were identified as decomposition products.
In another experiment, 100 ppm 14C-ETU was exposed to UV light (Rhode,
1977). Over 90% of ETU was decomposed after 6 hours and 3 hours in distilled and
acetonesentized water, respectively. ETU was probably oxidized to ethyleneurea by
photochemically produced hydroxyl radicals. The identified degradates were glycine
sulfate, 3-(2-imidazolin-2-yl)-2-imidazolidinethione (Jaffe’s base), ethyleneurea and
hydantoin.
ETU, adsorbed on silica gel at 100 ug/cm2, was also exposed to UV light (300
µW/cm2) with and without the photosensitizers (Crucickshank and Jarrow, 1973). The
loss of ETU was approximately 40% after 96 hours in the absence of a sensitizer, and
over 65% after 8 hours in the presence of a photosensitizer. At 1 ug/cm2, 97% of
photosensitized ETU was decomposed after 20 hours when a more powerful sunlamp
(3300 uW/cm2) was used.
Photosensitizers are presumed to be present in natural water as evidenced by the
quick disappearance of ETU in agricultural water (Ross and Cosby, 1973; Crucickshank
and Jarrow, 1973). In an investigation, ETU was applied to water in field ditches, only
50% of initial dose was left after 1 day, 25% left after 7 days, and none was detected after
21 days (Blazquez, 1973).
Soil Metabolism
ETU is readily degraded in soil (Sittig, 1985). According to some researchers,
ETU can be chemically and biologically decomposed to EU with half-lives of 1 to 7 days
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under field conditions (Kaufman and Fletcher, 1973; Miles and Doerge, 1991; Nash and
Beall, 1980; Rhodes, 1977; R&H company, 1987a&b). According to Kaufman and
Fletcher (1973), 2, 20, and 200 ppm ETU were totally degradated and mainly converted
to EU within 2, 2 and 8 days in silty clay loam, respectively.
ETU and EU can be microbiologically mineralized to CO2 in nonsterile soils
(Johannesen et al., 1996; JoaMiles and Doerge, 1991; Jacobsen and Bossi, 1997). The
half-life of mineralization for 10-ppm ETU was around 22 days (Lyman and Lacoste,
1974). The metabolites of ETU in soils were EU, hydantoin, Jaffe’s base,
ethylenediamine (EDA), CO2 and other unknown compounds.

Soil Adsorption
A batch soil adsorption/desorption study on 14C-ETU was conducted on four soils:
a Georgia sand (OM 0.9%, pH 5.7), a Georgia sandy loam (OM 2.8%, pH 5.9), a
Pennsylvania silt loam (OM 3.5%, pH 6.4) and a Mississippi clay loam (OM 2.5%, pH
7.4) (R&H Company, 1987c). Slight conversion of ETU to EU was reported during the
study period. The soil adsorption coefficient values (Kd) were 0.71, 0.67, 1.13 and 0.51
for sand, sandy loam, silt loam and clay loam, respectively. Their organic adsorption
coefficient values (Koc) were 142, 112, 57 and 34, accordingly.
The adsorption of ETU was also examined on three additional soil types: a Jaucus
soil (OM<1%, pH 6.2), a Wahiawa soil (OM 1.5%, pH 6.2) and a Kaiwiki soil (OM
6.2%, pH 6.0) (Miles and Doerge, 1991). The sorption coefficient values (Kd) were 0.03,
0.09 and 0.12 for Jaucus, Wahiawa and Kaiwiki soils, respectively. The adsorption
coefficient data for ETU indicated that ETU was weakly adsorbed to soils.
Soil Mobility and Dissipation
ETU is fairly leachable in wet soil due to its weak soil adsorption and high
solubility in water (Lyman et al., 1982; Ney, 1982), but is immobilized by dry soil (Nash
and Beall, 1980; Helling, 1971; Helling and Thompson, 1974). The soil leaching of ETU
was examined on five soils and a soil thin-layer chromatographic technique was utilized
to obtain Rf values of soils (Helling and Thompson, 1974). The Rf values were 0.96 for a
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Norfolk sandy loam (OM 0.14%, Moisture capacity 6.5%), 1.00 for a Lakeland sandy
loam (OM 0.90%, Moisture capacity 8.5%), 0.96 for a silty clay loam (OM 2.5%,
Moisture capacity 25.8%), 0.83 for a clay loam (OM 6.9%, Moisture capacity 28.5%) and
0.61 for a Celeryville muck (OM 90.4%, Moisture capacity 113%). Rf values showed that
ETU is fairly leachable in general wet soil unless the soil contained high organic matter
such as Celeryville muck (Helling and Thompson, 1974; Ney, 1995).
The dissipation of 14C-ETU was examined on a silt loam soil from Delaware
(Rhodes, 1977). Soils in five cylinders (12 inch tall and 4 inch diameter) were applied
with 1 mL of 14C-ETU at 1.82 mg/L. The soils were checked for 14C in soil layers of
0-1”, 1-3”, 3-5”, 5-8” and 8-12” at 0, 1, 4, 12 and 52 weeks. The total rainfalls were 0,
0.54, 3.34, 14.26 and 53.76 inches for 0, 1, 4, 12 and 52 weeks, respectively. Results
showed that predominant recovered radioactivity (> 85%) was contained in the first top
inch. After 52 weeks, 16% of originally applied radioactivity was detected in the top 1
inch, 4% in 1-3 inches, 1% in 3-5 inches, 0.5% in 5-8 inches and 0.1% in the layer of 812 inches. The estimated half-life of ETU was reported as less than one week.
In another experiment, Calumpang et al. (1993) reported an application of 1.59ppm ETU on a loam soil (OM 2.73%, pH 6.87). Total rainfall during the investigation
was 31.1 mm. ETU was only found in the top 3.2 inches of soil after 21 days. This result
was similar to the data provided by Newsome et al. (1975) that ETU, generated from
maneb, leached to a maximum of 2.5 inches 15 days after the application.

Volatilization
Nash and Beall (1980) had utilized microagroecosystem chambers (150 x 115 x
50 cm3) to study the volatility of ETU in the atmosphere. The tomato plants in sandy
loam (OM 5.2%, pH 6.7) were sprayed with maneb and zineb at 2 kg active ingredient/ha.
ETU in the chambers was collected by polyurethane foam filter and then was evaluated.
The concentration of ETU in the air was about 0.9 ng/m3 1 day after the application but
decreased to about 0.0025 ng/m3 after 60 days. ETU comprised approximately 10% of
total volatile chemicals in the chambers. The half-lives of ETU in the air were 8-9 days.
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EPA (1988) suggested that the volatility of ETU was of little concern since ETU could
easily be removed from the air by rain or through reacting with hydroxyl radicals.

Plant Metabolism
There have been numerous investigations on the transformation and degradation
of ETU on and in crops (Hoagland and Frear, 1976; Kumar and Agarwar, 1992&1993;
Newsome, 1976; Pease et al., 1977; Rhode, 1977; Smith, et al., 1988; Leidy, et al., 1989).
In an experiment, ETU was directly sprayed on the leaves or applied to the roots of
lettuces (Smith et al., 1988). Results showed that ETU on leaves was rapidly
decomposed with an estimated half-life of 10 hours. ETU applied to roots was rapidly
translocated to the leaves within 4 days and its subsequent degradation in leaves was
rapid with levels undetectable after 20 days. The rapid degradation of ETU was partially
attributed to photolysis. Possible metabolites were EU, CO2 and other unknowns.
Rhode (1977) investigated the behaviors of ETU in tomatoes and beans by
applying 14C-maneb and 14C-ETU to their foliage and stems. The application
concentration for maneb was 2 lb/100 gal water; ETU was 0.2 lb/100 gal water. The
concentrations of radioactivity and ETU decreased rapidly. After 7 days, the
concentration of ETU was 0.03 ppm in tomatoes and bean; after 35 days, ETU was less
than 0.01 ppm. In another study on tomatoes, 2 lbs/100 gal of ETU was sprayed on
tomato and its concentration decreased to an undetectable level after 6 days (Blazquez,
1973). Kumar and Agarwar (1992 and 1993) examined the metabolism of ETU on
eggplants. EU was found to be the major metabolites. The half-life of ETU on eggplants
was estimated as 20 days. In summary, the degradation half-lives of ETU on crops varied
from 10 hours to 20 days, greatly depending on the types of plants and the locations of
ETU application.

Groundwater Monitoring
Ethylenethiourea is a potential groundwater contaminant based on its high water
solubility (>20,000ppm) and low soil adsorption coefficient (Koc < 200 cm3/g) (Ney,
1995; Linda, 1994). Of 80 wells sampled for ETU in California, only one sample was

Page 6 of 9

10/25/00

detected at 0.725 ppb (CalEPA, 1999). However, follow-up sampling of this and
proximate wells yielded no detection at a minimum detection level of 0.578 ppb
(Spurlock, 2000).
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DEGRADATION PATHWAY OF ETHYLENETHIOUREA (ETU)
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