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rations [18] as well as in environmental sciences
[19]. HPCE in its free solution mode (FSCE) has
proven useful in pesticide analysis [20,21] and in
the separation of s-triazine compounds [22,23].

The present paper has two objectives: first, to
examine the photochemical behavior of atrazine
in the presence and absence of humic substances,
under oxygen and nitrogen atmospheres in
aquatic media; second, to show for the first time
the application of FSCE as a rapid analysis tool
for hydroxy-s-triazines in environmental ma
trices.

2. Materials and methods

Aqueous solutions of atrazine were prepared
at 5 ppm and placed in a cylindrical vessel into
which a Philips HPK 125 W high-pressure mer
cury vapor lamp, with a cooled Pyrex housing to
block wavelengths shorter than 290 nm, was
inserted. Humic acids were added to some of the
aqueous solutions to a concentration of 5 ppm
just before they were transferred to the reactor.
The pH of the solution was controlled and
eventually adjusted to pH 7.0 to ensure solubility
of humic acids. Nitrogen or oxygen was bubbled
through a sintered glass joined to the bottom of
the vessel to keep the solutions saturated with
gas during photodegradation experiments. The
reaction temperature was kept under these con
ditions at 20-25°C. The same pesticide solutions
were also irradiated under simulated sunlight
(xenon lamp) in a Heraeus Suntest apparatus at
30-35°C, with and without fulvic acids (5 ppm).
Aliquots of 1 ml were sampled during irradiation
and kept in the refrigerator for future analysis.
Blanks (pesticide solution with and without
humic substances) were analysed to ensure that
pesticide degradation was due to photochemical
processes only.

The disappearance of the pesticide from reac
tion mixtures and the appearance of the
dealkylated chloro metabolites were monitored
by HPLC (Hewlett-Packard, Munich, Germany;
HPLC Series 1050). Detection was with an UV
filter at 220 nm. A reversed-phase column, 250

mm x 4.6 mm J.D., packed with Hypersil (RP
CIS' 5 /-Lm) was used for analysis. The mobile
phase was acetonitrile-water (50:50) with a flow
rate of 1.0 ml/min in the isocratic mode.

The qualitative and quantitative analyses of
the hydroxy metabolites employed a Beckman
PlACE 2100 Series HPCE, assisted by Beckman
Gold Chromatography Software. The fused-silica
non-coated CE column, 57 cm (50 cm to
detector) x 375 /-Lm 0.0 x 75 /-Lm J.D., was ob
tained from Beckman Instruments (Munich,
Germany). The separation runs were done at
constant temperature (30°C) and voltage (20 kV)
with UV detection at 230 or 214 nm.

Direct sample injection by the hydrodynamic
(pressure) mode was used for all experiments;
injection times were typically 10 to 20 s. Samples
were systematically spiked with standards to
assure identification of the hydroxy metabolites.
A standard curve was prepared for each hydroxy
metabolite for quantitative analysis of their deg
radation products.

An acetate buffer was used for qualitative and
quantitative measurements since such a buffer at
50 mM and pH 4.65 has been shown to give good
separation of different dealkylated hydroxy me
tabolites of atrazine [23]. Buffers were made by
mixing one volume glacial acetic acid (0.1 M),
one volume sodium acetate (0.1 M), and two
volumes water.

Pesticide stock solutions were prepared by
dissolving 5.0 mg of pesticide/metabolite in 100
ml of pesticide-grade methanol. If necessary
dilutions were done in water (for standard
curves) and these solutions were immediately
used for CEo All buffers and stock solutions
were kept under refrigeration at 4°C.

For an additional confirmation of the identity
of atrazine and its metabolites thermospray liq
uid chromatography-mass spectrometry (LC
TSP-MS) analyses of the reaction solutions ob
tained after photodegradation in the presence
and absence of humic and fulvic acids were
carried out.

LC-TSP-MS and LC-TSP-MS-MS have been
applied to the determination of polar pesticides
and different metabolites of polar nature formed
during photodegradation and microbial degra-
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