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Pesticides are widely used in agricultural production all over the world. In different
countries they have been found to contaminate ground water reservoirs (Mansour
et al., 1993). Various processes influence the environmental fate of pesticides.
Depending on the physical and chemical properties, environmental conditions and
application method of the compound, it may be adsorbed on soil by organic matter
and/or degraded to various metabolites by soil micro-organisms or chemical
reactions. Compounds may be translocated or transported from the field in runoff
water or adsorbed on soil particles moving across the field as a result of a heavy
rainfall (Mansour, 1997). The compound, or its metabolites, can enter in plants
following root uptake (Shone et al, 1974) or foliar adsorption (Sampaolo, 1969).
Because pesticides are usually extracted from complex matrices such as vegetables,
soil or water, selective detectors for chromatographic (GC and HPLC) applications
have been used as analysis tools for the quantification of transformation products
during the photodegradation processes (Mansour et al., 1989; Mansour, 1993).
Two pesticides have been selected because they have not been sufficiently
investigated literature, but are very commonly used in meditetranean agriculture.
Imazapyr is an imidazolinone herbicide, which has been developed in order to be
used in vegetation and forestry management (Beardmore et al., 1991). It is a
broad-spectrum herbicide that controls grass and leaf weeds in non-cropped areas
(Winfiel et al., 1988). High mobility and translocation of imazapyr in soil from the
site of application to roots and rhizomes could be advantageous for control of
perennial weeds (Shaner, 1988; Mallipudi et al., 1986).
Chlozolinate is an oxazolidine. It is a systemic fungicide with protective and
curative action which can be used as a foliar spray (against Botrytis spp.,
Sclerotinia spp., and Monilia spp. in ornamentals, vegetables, vines, pome fruit,
stone fruit, and strawberries), or as a soil drench (Cabras et al., 1985; Flori et al.,
1982).
The objective of this study was to develop analytical methods for imazapyr and
chlozolinate residues in water after using simulated sunlight λ ≥ 290 nm and to
investigate their degradation mechanisms in presence and in absence of various
sensitizer compounds.
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MATERIALS AND METHODS

Imazapyr and chlozolinate standard compounds were obtained from Dr.
Ehrenstorfen, Germany, (purity >98%). The pesticide solutions to be irradiated
were prepared at a concentration of 1 mg/L in deionized water. Solvents used for
photolysis and chromatographic measurements were of HPLC grade (Merck,
Germany). TiO2 (Degussa) was suspended in solution at 1 mg/L. Humic substances
were purchased from Aldrich Co. and suspended in solution at 1:1 (w/w) in regard
to physical and chemical propreties of the pesticide. Acetone was added at 1%
(v/w).
Photolysis experiments were performed at 20°C in an apparatus suitable for
irradiation of the chemicals in liquid and suspended phases. The radiation source
was a mercury lamp (Philips HPK 125 W) placed in the axial centre of the reaction
chamber. Between the lamp and the reaction chamber, a Pyrex jacket whose task
was to eliminate wavelengths shorter than 290 nm was allocated. A solution of
water flowed through the Pyrex jacket in order to keep the temperature of the
irradiated solution constant.  A magnetic stirrer was used during the
photodegradation measurements. Control solutions were kept in dark to verify
degradation effects of the solvent on the pesticides.
The analysis of the compounds, and their transformation products were carried out
with a HP1090 liquid chromatograph equipped with UV-Vis diode array detector
at 230 nm, 20 µL sample injection loop, RP-7104-00 Baker Bond TM Octadecyl 5
µm column, flow rate 1 mL/min. Mobile phase was acetonitrile/water (4/1) for
chlozolinate and acidified water (pH 3)/acetonitrile (3/1) for imazapyr. Calibration
solution of pesticide standards were prepared at concentrations from 0.01 to 2
mg/L. Calibration curves were linear in to the concentration range.
GC-MS and HPLC-MS were used to determine the structure of photoproducts.
Each sample was extracted with n-hexane and dried with sodium sulphate
anhydrous. After concentration of n-hexane phase the residue was injected into the
chromatographic apparatus. The decomposition and disappearance of the parent
compounds were followed by FID-GC (HRGC Carlo Erba, OV-1701 methyl-
cyanopropyl-phenylsilicone column, 30 m, 0.53 mm, 1µm), GC-MS (Capillary
column DB5 ms, 60 m, 0.25 i.d., injector 280 °C, program 90°C 1 min, 90°C-
270°C at l0°C/min), and LC/MS (Perkin Elmer, triple quadrupole ion spray
4800V, flow rate 1 mL/min). The identity of the metabolites was confirmed by
comparison with spectra recorded in literature. The minimum detectable for the
investigated compounds was 1 ng.

RESULTS AND DISCUSSION

Chlozolinate in plants undergoes to hydrolysis and decarboxylation processes
giving several metabolites (Tomlin CDS. (ed), 1997). Upon irradiation of
chlozolinate in water solution and with sensitizers the pesticide degraded with
different half-lives. The dark experiments are not reported because no evident
degradation was measured. The kinetic parameters calculated for the fungicide
degradation are reported in Table 1. They are in accordance with first order
kinetics.
The depletion of the chlozolinate concentration during the photodegradation
experiments is reported in Figure 1. Photolysis of chlozolinate was more rapid in
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regard to pure water solution by using humic substances and acetone and we
identified different photoproducts. In Figure 2 we report the pathways and the
identified photoproducts.

Figure 1. Photodegradation of chlozolinate in aqueous solution and with humic
substances or acetone.

Table 1. Kinetic parameters of chlozolinate irradiated in water solutions with
different sensitizers (t½ .= half-life; k = kinetic constant; r2 = determination
coefficient).

t½ (hr)
k (hr-1)
r2

Deionized water Deionized water + Deionized water +
acetone humic substances

34.66 6.44 9.71
0.02 0.1077 0.0714

0.967 0.962 0.961

Figure 2. Phototransformation of chlozolinate in water, water + acetone and
water + humic substances.
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Figure 3. Photodegradation pathway of imazapyr in water + TiO2 or humic
substances.

The photolysis of chlozolinate in aqueous solutions at λ ≥ 290 nm resulted in
89.5% of substrate transformation within 25 hours. It appears that photoproducts
of chlozolinate are likely to be present as residues in aquatic ecosystems.
Also in the case of imazapyr the rate of degradation followed first order kinetics.
The influence of pH on this herbicide in water under simulated light are
represented in Figure 4. We found that imazapyr is rapidily photodegraded in
aqueous media at pH 7 than in pH 4. Depending on pH of the environmental
compartment, four imazapyr photoproducts could be obtained, in accordance with
results reported earlier (Mansour, 1998).

Figure 4. Comparison of UV photolysis of 0.11 mM imazapyr at two pH values

HPLC may represent a rapid analysis tool for the quantification of these
degradation products. Similar to other imidazolinone herbicides, imazapyr can be
transformed under UV-Light (λ ≥ 290 nm) in the presence of TiO2 and humic
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substances in aqueous solutions (Figure 3). No degradation was observed in
absence of UV irradiation.
The half-life (t½) determined in deionized water, at pH = 3, was 3.5 days.
The use of TiO2, humic substances and acetone remarkably increased the rate of
photodegradation of imazapyr to 70% in three hours. The presence of this
sensitising compound in soil could influence the persistence and the activity of the
pesticide. In consideration of the variety of compounds by the photodecomposition
of imazapyr and chlozolinate in aqueous medium in the presence and absence of
humic substances, it appears reasonable to look for the persistence of these
compounds in soil, plants and their transformation products.

Aknowledgements. Adriana Santoro, was supported by a research scholarship from
the University of Catania (Italy). The authors wish to thanks Dr. K.W. Schramm
from GSF Institut für Ökologische Chemie, Neuherberg (Germany) for providing
the facilities and analyses of samples.

REFERENCES

Beardmore RA, Hart R, Iverson R, Risley MA, Timmer M (1991) Imazapyr
herbicide. In: The Imidazolinone Herbicides, Shaner DL and O’Connor SL
(eds) CRC Press Inc, Boca Raton, pp 211-227

Cabras P, Meloni M, Pirisi FM, Cabitza F (1985) Behaviour of acynalinide and
dicarboximidic fungicide residues on greenhouse tomatoes. J Agric Food
Chem 33: 86-89

Flori P, Pancaldi D, Tentoni P, Musacci P (1982) Persistenza nel terreno dei
fungicidi dicloran, vinclozolin, iprodione, procymidone e dichlozolinate. La
difesa delle Piante 4: 221-230.

Mallipudi NM, Knoll BA, Lee A, Orloski E (1986) The fate of imazapyr in weeds
and soil under field conditions. 6th International Congress of Pesticide
Chemistry, p 6A-03.

Mansour M, Feicht E, Meallier P (1989) Improvement of the photostability of
selected substances in aqueous medium. Toxicol Environ Chem 20-21: 139 -
147.

Mansour, M. (ed) (1993) Fate and prediction of environmental chemicals in soils,
plants and aquatic systems. Lewis Publishers, Boca Raton.

Mansour M, Scheunert I, Korte F (1993) Fate of persistent organic compounds in
soil and water. In: Migration and Fate of Pollutants in Soils and Subsoils,
Petruzzelli D, F.G. Helfferich FG (eds), NATO AS1 Series G32, Springer
Verlag, Berlin-Heidelberg, pp 111-139.

Mansour M (1997) Chemical pollution of urban, industrial and continental waters
along the south-western mediterranean coast. 9th International Symposium on
“Environmental Pollution and its Impact on Life in the Mediterranean
Region”, October 4-9, Sorrento, Italy.

Mansour M (1998) La dégradation de l’imazapyr dans les sols. II nd International
Symposium on Environmental Catalysis and Process Engineering. May 18-19,
Fes, Morocco.

37



Shaner DL (1988) Absorption and traslocation of imazapyr in Imperata cylindrica
(L.), effect on growth and water use. Trop Pest Manage 34: 388-392.

Shone MGT, Bartlett BO, Wood AV (1974) A comparison of the uptake and
translocation of some organic herbicides and a systemic fungicide by barley.
II. Relationship between uptake by roots and translocation to shoots. J Exp
Bot, 25: 401-409.

Tomlin CDS. (ed), (1997) The Pesticide Manual: A world compendium 11th edn
BCPC, Farrham, survey, UK.pp 1011-1013.

Winfiel RJ, Bannister CJ (1988) Imazapyr for broad spectrum weed control in
forestry. In Aspects of Applied Biology; Association for Applied Biology,
Warwick, U. K., vol. 16, p 79.

38


