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PHOTOCHEMICAL PROCESSES FOR REMOVAL OF CARBAMATE
PESTICIDES FROM WATER

Andelka Tomasevié', Slobodan Petrovié?, Dusan Mijin?
'Institute of Pesticides and Environmental Protection, Belgrade-Zemun, Serbia
2University of Belgrade, Faculty of Technology and Metalurgy, Belgrade, Serbia

Carbamates are a large group of pesticides which have been extensively used over t
past almost seventy years. It is a very large family whose members are effective
insecticides, herbicides, and fungicides, but they are most commonly used
insecticides. More than 50 carbamates are known, and they are a group of pesticid
with a potential to affect the functioning of the nervous sistem. Because of th
widespread use in agriculture and relatively good solubility in water, carbam
pesticides can contaminate both surface and ground water resources.

Methomyl and carbofuran are carbamate pesticides and they have been in use f
many years. Methomyl (IUPAC name S-methyl ‘
(methylcarbamoyloxy)thioacetimidate) is an insecticide/acaricide used for control of
wide range of insects and spider mites on fruits, vines, olives, hops, vegetabl
ornamentals, field crops, cucurbits, flax, cotton, tobacco, soya beans, etc. It can al
be used for control of flies in animal and poultry houses and dairies. Formulation ty,
for this active ingredient are SL, SP, and WP. Carbofuran (IUPAC name: 2,3-dihydrz
2,2-dimethylbenzofuran-7-yl methylcarbamate) is a systemic insecticide w
predominantly contact and stomach action. It is used for control of soil-dwelling a
foliar-feeding insects and nematodes on vegetables, ornamentals, beet, maizs
sorghum, sunflower, oilseed rape, potato, alfalfa, peanut, soya bean, sugar cane, rice
cotton, coffee, cucurbits, tobacco, lavender, citrus, vine, strawberry, bananz
mushroom and other crops. This active ingredient is prepared as FS, GR, SC and W
formulation.

Considering different methods of remediation of methomyl and carbofuran residu
from water, the present study will focus on reaction pathways and the mechanism
their photodegradation. The most beneficial photochemical processes for removal
methomyl and carbofuran residues from water tested in the study were found to be t
Advanced Oxidation Processes (AOPs), including heterogeneous photocatalysis wit
the semiconductor oxide TiO,, as well as with ZnO. Direct UV photolysis was al
investigated. Heterogeneous photo-Fenton process was also applied.

Photolysis uses light only for degradation of different environmental contaminants
including pesticide residues. Direct irradiation promotes pesticides into their excit
singlet state, and such excited state can then undergo homolysis, heterolysis
photoionization processes.

The AOPs, which utilize hydroxyl radicals for environmental remediation, have beer
successfully employed for degradation of organic compounds, including pesticides
The AOPs include catalytic and photochemical methods and have H,0,, O; or O, a
the oxidant. The principal active species in this system is the hydroxyl radical ‘O=
which is an extremely reactive and non-selective oxidant for organic contaminants. The
main advantage of AOP; is complete mineralization of many organic pollutants whic
breaks them into water, CO,, mineral salts, and non-toxic compounds. AOP; involve
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‘ “~erent homogeneous and heterogeneous photocatalytical processes. Homogeneous
“notocatalytic oxidation employs various oxidation systems (Fenton reagent, H,O,, O,
=z, either alone or in combination with UV, visible or natural solar light.
~=terogeneous photocatalytical processes, named heterogeneous photocatalysis,
~wolve a combination of UV or solar light, various catalysts (TiO,, ZnO, ZnS, ZrO,,
~23. Sn0,, WO, etc.) and different oxidants (H,0s, K2S,0s, KIO4, KBrO3, etc.).
“=s presentation comprises photolytic and photocatalytic removal of methomyl and
~=roofuran at low concentration from different types of water, upon the activity of UV,
~=0le or natural solar light, in the presence of TiO, and ZnO catalysts, and using Fe-
~=M1-5-zeolite and AlFe-pillared montmorillonite. The effects of different operational
“arameters, such as the initial concentration of pesticides and catalysts, pH, and initial
“2" concentration, were studied. Also, a comparative study on degradation of
~=roofuran and its commercial product Furadan 35-ST at 315-400 nm in ZnO agueous
“.=pension will be presented in order to assess the effects of inert ingredients present
= 2 commercial product on carbofuran photodegradation.
“ e rate of photodecomposition of pesticides was measured using UV spectroscopy
w2 nigh-performance liquid chromatography (HPLC), while their mineralization was
“westigated by ion chromatography (IC) and total organic carbon analysis (TOC).
“hotodegradation products of pesticides were identified based on the results of high-
“e~ormance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) and
== chromatography-mass spectrometry (GC-MS), and their photodegradation
& ways are proposed.
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