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ABSTRACT

Ethylenethiourea (ETU) is formed during the manufacture of
EBDC pesticides such as maneb, mancozeb, metiram, and zineb. It
can also be formed during long storage. The influence of some
environmental conditions such as temperature, sunlight, ultraviolet
(UV) and global warming on the formation of Ethylenethiourea (ETU)
was studied for some EBDC formulations. The results demonstrated
that the formation of Ethylenethiourea (ETU) was different from each
EBDC formulations to another whereas, in the case of Maneb the data
showed that the formation of ethylenethiourea was the highest.
Moreover, a different behavior during storage in different
environmental conditions was noticed, where the storage in
greenhouse conditions was higher in the formation of ETU. The
percentage increase of ETU in mancozeb, maneb, zineb and metiram
formulations was 47.87, 48.04, 48.56 and 46.66% after 144 hours of
storage in greenhouse condition, respectively. The percentage increase
of ETU in mancozeb, maneb, zineb and metiram formulations was
38.28, 39.10, 35.47and 32.45% after 144 hours of storage at 55°C.
Moreover, data showed that the percentage of increase of ETU in
mancozeb, maneb, zineb and metiram formulations was 38.77, 40.66,
39.52 and 37.09% after 144 hours of exposure to direct sunlight.
Furthermore, the percentage increase of ETU in mancozeb, maneb,
zineb and metiram formulations was 22.92, 23.11, 24.77 and 24.02
after 24 hours of exposure to UV-rays.
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INTRODUCTION

Ehylenebisdithiocarbamates (EBDCs) are group of non-systemic
fungicides which form the most important class of fungicides for
controlling important fungal diseases on certain fruits, vegetables and
field crops. This class includes mancozeb, maneb, zineb and mitram.

The wide use of ethylenebisdithiocarbamates (EBDCs) in
agriculture, poses the problem of potential harm to public health, since
it is known that dithiocarbamates and their degradation products
contaminate plants, soil and water to various degrees (Arias, and
Teresa, 1979).

These fungicides are comparatively safe because of their low
mammalian toxicity and very low persistence. The presence of
ethylenethiourea is well known neuroteratogen and carcinogen in
rodents (Ulland et al 1972, Khera 1987).ETU is present in the
commercial formulations as a degradation by-product of the
manufacture of EBDCs. It is also formed during product storage and
under some environmental conditions (Onley et al 1977, Ripley and
Simpson 1977, Rosenberg and Siltanen 1979) has caused great
concern.

The present investigation was carried out to reveal the role of,
different temperature, sunlight, ultraviolet (UV) light and global
warming in the formation of ETU in mancozeb, maneb, zineb and
metiram formulations

MATERIALS AND METHODS

1-Fungicides used: -

1-1-Tridex 80% WP
Common name: mancozeb
IUPAC name: manganese ethylenebisn (dithiocarbamate)
(polymeric) complex with zinc salt
Chemical structure:

?l \CH2CH2\ ,C _Mn (Zn)y
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1-2- Intracol 70% WP
Common name: maneb
IUPAC name: manganese ethylenebis (dithiocarbamate) (polymeric)
Chemical structure:

}«“} 4\;’"_,

1-3- Zineb 90% Tec
Common name: zineb
IUPAC name: zinc ethylenebis(dithiocarbamate) (polymeric)
Chemical structure:

e

B—Fn—
} '
- AL

1- 4- Kabritop 60%WG.
Common name: metiram
IUPAC name: zinc ammoniate ethylenebis(dithiocarbamate) -
poly(ethylenethiuram disulfide)
Chemical structure:

T i
GHp~NH-C-S— GHp~NH-C-S—
CHyNH-C-S-Zn— CHy-NH-C—S —

S NHj
3
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2-preperation of the deposits:-

One ml methanol containing 10000pg active ingredient of each
of; mancozeb, maneb, zineb and metiram was spread as a thin film on
the surface of Scm (i.d) uncovered Petri dishes and the methanol
solvent was left to dry. Four groups of these preparations were used.

In order to study the effect of some environmental conditions on
the formation of ETU in EBDCs formulations; one group of four
uncovered petri-dishes containing deposits were exposed to different
temperature 30,35,45 and 50 °C for 0 to 144 hours inside dark electric
oven.

Another group of four uncovered Petri-dishes containing the
fungicide deposits was exposed to the short wave of the ultraviolet
rays 254 nm at 1,3,6,12 and 24 hours. The other group of deposits
was exposed to direct sunlight for 1, 4, 8, 12, 24, 48, 96 and 144 hours
in July 2010. The last group of deposits was stored under green house
condition in July 2010 where the temperature degree ranged from 50 -
55 °C and 80% relative humidity for 1, 4, 8, 12, 24, 48, 96 and 144
hours to study the effect of global warming.

3-Extraction:

Fungicides residues were transferred to glass stopper test tubes
using redistilled Methanol as a solvent.

4-Determination of ethylenethiourea (ETU):

ETU in each was extracted by Methanol and determined before
and after storage by gas chromatography with flame ionization
detector according to the procedure of Haines and Adler (1973).

4-1-GLC conditions:

The type of chromatographic system was Hewlett-Packard serial
6890 gas chromatographic fitted with flame ionization detector (FID),
capillary column (15m x 0.53 mm) and the carrier gas was nitrogen at
a flow rate of 40 ml/min used under temperature conditions 180, 250,
275 °C for oven, injector and detector, respectively. At these
conditions, retention time for ethylenethiourea was 5.3 min. The
results of ethylenethiourea were quantitatively determined by
comparison with standards of known purity under the identical GLC
conditions Haines and Adler (1973).
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RESULTS AND DISCUSSION

The data summarized in table (1) indicate the initial ETU content
in 10000png active ingredient of mancozeb, maneb, zineb and metiram
which were 23.2, 27.52, 22.24 and 24.56 g, respectively. These
results are in compliance with those obtained by Maneguz and
Michalek (1987) whom stated that ETU is present in commercial
formulations of EPDCs and it is a major metabolite of
ethylenebisdithiocarbamate fungicides which had been reported to be
carcinogenic, teratogenic, and mutagenic to the experimental animals
(Larsson et al., 1976).

In addition the results show that maneb was the greater in its
content of ETU than other candidate fungicides.

On the other hand the data indicate that the initial deposit of
ETU in all experimental EBDCs was bellower matching the maximum
level 0.5% defined by FAO (1980) whereas the maximum level of
ETU as microgram is theoretically 50 pg in 10000 pg active
ingredient.

1-Influnce of the different temperature on the formation of ETU
in some commercial EBDC formulations:

The data present in Table (1) show that the rate for the formation
of ethylenethiourea (ETU) was positive affected with the changing in
the temperature. Maneb was more affected by the change in
temperature under long period of storge than other tested
formulations. The percentage increase of formation of ETU in maneb
was 2.14, 5.05 and 8.93 % after one hour of exposure to 35, 45 and 55
°C, respectively, and reached to 19.58, 26.99 and 39.10 % after 144
hours of exposure to these temperatures.

On, the other hand data show that the percentage increases of
formation ETU in both zineb 90% Tec and metiram at the end of
experiment were 12.98 and 15.39% after exposure to 35°C,
respectively. At 45 °C and 55 °C, the same trend was obtained
(Tablel). Sue Xu (2000) has reported that ethylenethiourea (ETU)
was the major degradation product of widely used
ethylenebisdithiocarbamate (EBDC) fungicides. Bontoyan and Looker
(1973a) studied the effect of storage conditions on the ETU content of
formulated EBDC products, and reported that the rate of degradation
of EBCDS formation resulting ETU is proportional to the temperature
degree.



Table (1): Effect of different temperature degrees on the formation of ETU m EBDCs formulations.

Level of ETU as micrograms and it s percentage increase m EBDCs formulations

Exposure 35°C 45°C 55°C
time(in [ Mancozeh | Maneh Zineb | Metiram | Mancozeb | Maneb Zineb | Metivam | Mancozeb | Maneb Zineb | Metiram
]]OUI’S 0/ 0 0/ 0, 0/ 0, 0/ 0/ 0/ 0 0/ 0,
) Tug [ % | pg [ % | ug [ % | g [ % [ug [ % | g % | ue | % |#g | % | b | % | g |% |pe| % |us|%
mitiare | 320 73 024 .36 321 75 04 236 521 PR 024 156
6 B38| 150 | 2811 | 214 | 2245 | 094 | 2498 | 171 | 2433 | 483 | 2691 505 | 2331 | 481 | 2541 | 346 | 2526 | 883 | 2098 | 893 | 3387 | 733 | 2609 | 622
2 225 | 448 | 2895 | 531 | 2298 | 332 | 2562 | 413 | 2521 | se1 | 2053 730 | 377 | 688 | 2603 | 598 | 2613 | 1258 | 3136 | 13.95 | 2478 | 1142 | 2761 | 1241
8 517 | 844 | 981 | 832 | 2357 | 598 | 2645 | 769 | 2669 | 1499 | 3093 1239 | 2436 | 945 | 2232 | 1123 | 2807 | 2093 | 338 | 2202 | 2635 | 1848 | 2892 | 1775
9 2647 | 1405 | 3164 | 1497 | 2445 | 994 | 27.69 | 1269 | 2791 | 025 | 3292 1962 | 2651 | 19.09 | 2818 | 1473 | 3057 | 3071 | 3596 | 3067 | 2833 | 2828 | 3046 | 2402
(4| 226 | 10| 3291 | 1958 | 2656 | 1298 | 2634 | 1539 | 203 | 2550 | 395 2699 | 2766 | 237 | 2034 | 2853 | 3219 | 3869 | 3828 [ 3010 | 2013 | 3547 | 3253 | 3245

[nitial*= one hour before treatment.

08t
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2-Influnce of exposure to direct sunlight and storage in green
house on the formation of ETU in some EBDCs formulations:

The data present in table (2) show the influence of exposure to
direct sunlight and storage in greenhouse condition on formation of
ETU in mancozeb, maneb, zineb and meitram formulations. The result
obtained revealed that the formation of ETU is significantly
influenced by the exposure to direct sunlight of all candidate
fungicides where, the percentage increase of ETU in mancozeb,
maneb, zineb and metiram formulations was 2.75, 2.63, 2.43 and
2.89% after one hour of exposure and reached to 38.77, 40.66, 39.52
and 37.09% after 144 hours of exposure, respectively. These data are
in line with (Rham & Hans Company, 1987c) which studied the
aqueous photolysis on mancozeb and reported that, the photolysis
half-lives were less than 3 hours with complete disappearance of
mancozeb. Identified decomposition products were EBIS, ETU,
ethylenediamine (EDA) and EU. Moreover, Fraunhofer 1987 studied
the photolysis of maneb in soil and identified decomposition products
ofEthyleneurea  (EU), ethylenethiourea  (ETU), ethylenbis
(isothiocyanate) sulfide (EBIS), carbimid, and six unidentified
fractions were detected in the methanolic and aqueous fractions.

The data in Table (2) show that the storage in green house
condition was more effective in the formation of ETU in all tested
EBDC formulations than exposure to direct sunlight. This may due to
the high temperature and hight moisture content where, the percentage
increase of ETU in mancozeb, maneb, zineb and metiram
formulations was 6.51, 5.34, 593 and 4.07% after one hour of
exposure and reached to 47.87, 48.04, 48.56 and 46.66% after 144
hours of storage in green house condition, respectively. These results
are in harmony with those obtained by Lentza-Rizosch (1990) who
stated that EBDCs are subject to decomposition at elevated
temperature and high humidity and yielding ethylenethiourea (ETU)
as the principal metabolite in plants.



Table (2): Effect of Sunlight and global warming on the formation of ETU in EBDCs formulations.

B Level of ETU as micrograms and it is percentage increase in EBDCs formulations
Exposure Sunlight Global Warming
time(in | Mancozeb Maneb Zineb Metiram Mancozeb Maneb Zineb Metiram
hours) | pg | % | pg | % | pe | % | pg | % [ pg | % | pg | % [ pg | % | pg| %
Initial* 2321 - 27.52 - 22.24 -- 24.56 - 23.21 - 27.52 - 22.24 - 24.56 -
1 2385 | 275 | 2826 | 268 | 2278 243 | 2527 2.89 | 24.72| 6.51 | 2899 | 534 | 2356 | 593 | 25.56 | 4.07
12 2463 | 6.12 | 2945 7.01 | 2387 | 732 | 2645 7.69 | 2547 | 9.73 | 31.86 | 15.77 | 25.53 | 14.79 | 27.99 | 13.96
24 26.36 | 13.57 | 3097 | 1253 | 2512 | 13.35 | 28.06 | 14.25 | 27.75| 19.56 | 34.36 | 24,85 | 27.88 | 25.36 | 30.86 | 25.65
48 2788 | 20.12 | 33.29 |1 2096 | 26.98 | 21.31 | 29.94 | 21.91 | 30.21 | 30.16 | 37.13 | 34.92 | 30.24 | 35.97 | 32.36 | 31.75
96 2946 | 2692 | 3554 | 29.14 | 28,35 | 27.47 | 31.68 | 28,99 | 32.82 | 41.40 | 3945 | 43.35 | 3246 | 45.95 | 34.91 | 42.14
144 32.21 | 3877 | 38.71 | 40.66 | 31.03 | 39.52 | 33.67 | 37.09 | 34,32 | 47.87 | 40.74 | 48.04 | 33.04 | 48.56 | 36.02 | 46.66

Initial*= one hour before treatment.
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HHL NO LOdA4d SNOILLIANOD TVINAANOUIANA



J. Biol. Chem. Environ. Sci., 2011, 6 (1), 475-485 483

3-Influnce of exposure to ultravilote (UV) rays on the formation of
Etu in some EBDCs formulations:

Data in Table (3) illustrate that the percentage increase of
formation ETU in mancozeb, maneb, zineb and metiram was 3.27,
3.96, 3.46 and 2.40% after one hour of exposure to UV rays,
respectively and reached22.92, 23.11 24.77 and 24.02% after 24 hours
of exposure at the same sequences.

Generally, from the results it can be demonstrated that storage in
green house condition was the more effective in formation of ETU in
the all experimental EBDCs formulations than exposure to
temperature degree, direct sunlight and UV rays. Furthermore, Maneb
was the more affected and was the highest. These results are in line
with Nash and Beall, (1980) have stated that the degradation of maneb
in air depends on moisture content, temperature, photodegradation,
and oxidation.

Table (3): Effect of Ultraviolet light (UV) on the formation of ETU
in EBDCs formulations.

Level of ETU as micrograms and it is percentage increase in EBDCs formulations
Exposure time Ultraviolet light (UV)
(in hours) Mancozeb Maneb Zineb Metiram
ug %o ng % ug % ug Yo
Initial* 23.21 - 21.52 - 22.24 - 24.56

1 23.97 37 28.61 3.96 23.01 3.46 2515 2.40
24.52 5.64 29.14 5.88 23.62 6.20 26.28 7.00
6 25.67 10.59 30.22 9.81 147 11.10 27.11 1038
12 26,98 16.24 MN97 16.17 25.64 15.29 28.53 16.16
24 28.53 229 33.88 2311 2175 2477 30.46 24.02

Initial*= one hour before treatment.
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