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INTRODUCTION
Research activities during my PhD work include two directions: development
and characterization of de novo enzyme-linked immunosorbent assay (ELISA)
systems, and application of ELISA systems, available from commercial or other
resources, in various surveys. Although traditionally only the first direction is
considered method development, application of commercial ELISA systems also
included, although to a lesser extent, certain analytical develpoment tasks.
In the first direction, studies within my doctoral work included the dvelopment
of an ELISA system for the detection of the insect growth regulator (insecticide)
fenoxycarb and similar work (not discussed in my PhD dissertation) for the detection
of the polyaromatic hydrocarbon (PAH), pyerene. Both assay development projects
involved international collaboration. This the ELISA system for fenoxycarb was
developed together with the Department of Entomology at the University of
California, while the ELISA for pyrene was done in cooperation with the Water
Chemistry and Chemical Balneology Institut and Munnich (Institut für Wasserchemie
und Chemische Balneologie, Technische Universität München).
The second part of my work included the use of ELISA systems developed by
others. The most important project within this was the application a commercial
ELISA kit (ImmunoSystems – Millipore) for the detection of triazine herbicides,
mainly atrazine, on soil and surface water samples collected in Hungary. In addition, I
applied a magnetic particle based ELISA for the detection of the fungicide captan (not
discussed in my PhD dissertation).
In my PhD research I studied other, previously developed ELISA systems as
well: I carried out comparative studies with ELISA systems for triazole fungicides,
e.g. for an ELISA for myclobutanil developed at the Plant Protection Institute of the
Hungarian Academy of Sciences, and for and ELISA for other triazole fungicides
(tetrakonazol, penkonazol) developed at the Milano University (Universitá degli Studi
di Milano). Due to the allowed length of the PhD dissertations, I discuss only the
above two directions, and only the work related to the development nad applications
of the ELISA systems for the pesticides fenoxycarb and atrazine.

1. Development of an ELISA system for the detection of the insect growth
regulator fenoxycarb
The target compound: Insect growth regulators are modern insecticides that disturb
the normal development ("growth") of insects, mainly by interfering with the
hormones regulating insect metamorphosis. One of these selective active ingredients
is fenoxycarb, similar in structure to insect juvenile hormones, disturbing specific
metamorphotic processes in insects, and effective at 5-10 g active ingredient/ha dose
against several Lepidoptera and scaling insects. The compound blocks transformation
of the insect to adult (imago) stage, inhibits molt of the cuticule at early larval stages,
and acts against hatching of the insects from eggs. Partly due to these hormonal
effects and its physico-chemical properties, the role of fenoxycarb in ecosystems and
its effects on non-target organisms has been intensively studied. Although fenoxycarb
is much more selective than traditional pesticides, and causes no harmful effects at
registered agricultural doses e.g. on ruminants, it is toxic to certain benefitial and nontarget insects. An example is the silkworm (Bombyx mori), where fenoxycarb causes
nonspinning syndrome and economic losses. In addition, fenoxycarb is toxic to
aqueous ecosystems, their invertebrates and fishes. Because of this and its slow
decomposition (and therefore potential environmental persistence), ecotoxicological
concerns apply to certain applications, therefore, we need effective analytical tools
(e.g. immunoanalytical methods) for monitoring this active ingredient.
Hapten synthesis and conjugation: The structure of fenoxycarb allowed four
modification strategies to prepare hapten derivatives (Figure 1). Haptens were
prepared at the Plant Protection Institute of the Hungarian Academy of Sciences and at
the Department of Entomology at the University of California. Using these haptens, we
prepared protein conjugates, and I used these conjugates as immunogens to raise
antibodies in animals and as coating antigens for ELISA systems.
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Figure 1 Hapten synthesis strategies for the insect growth regulator fenoxycarb: A: replacement of the O-etil moiety of the
carbamate group with carboxyalkyl group, B, C: aniline group created at the terminal and the medial benzene by
nitration and reduction, D: substitution of the N atom of the carbamate group by carboxyalkyl group.
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Aniline type haptens are bound to protein conjugates by azo-coupling, and this
bonding can be verified through specific UV-spectral properties of these azocompounds. To determine how much aniline hapten has been coupled to protein
conjugates, I carried out the conjugation process between three chromophore anilines
(similar in structure to the haptens) and 4-cresol to model azo-coupling between
diazonium salts from the aniline haptens and the thyrosine groups of the proteins. I
measured maximal absorbance wavelengths of the azo-compounds and their molar
extinction coefficients (ε), and used the strong UV-VIS absorbances of the azo-part in
the hapten–protein conjugates of fenoxycarb to calculate hapten/protein ratios in these
conjugates. Using the absorbance intensities of the hapten conjugates at their maximal
absorbance wavelengths and the ε values detected for the model compounds, I
calculated the molar concentrations of the haptens in the conjugates, and compared
these data with the concentration of the carrier protein.
Immunization, ELISA optimization: Using antisera against the hapten conjugates, I
prepared immobilized antigen-based, competitive inhibition ELISA systems, and
optimized these szstems for their main analytical parameters (the inhibition mid-point
(IC50) and the limit of detection (LOD)). I titrated the antisera, determined inhibition
mid-points at various method parametes, studied the effect of the pH, organic solvents
and various bclocking agents on immunoassay performance. Within the optimzed
ELISA szstem, I studied cross-reactivities by 42 compounds, similar in structure to or
appearing together with fenoxycarb, and I found the ELISA method specific for
fenoxycarb: only its close structural analogs showed significant cross-reactivity.
Practical applications: I applied the developed ELISA method on numerous
environmental and biological samples to detect possible matrix effects. Environmental
samples included surface and drinking water, and soil, biological samples included fruit
homogenates and drinks (apple, pear and grape), insect tissues, fish liver tissue, and
bovine urine and blood.
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New scientific results:
(A) I developed a de novo ELISA system for immunoanalytical detection of the insect
growth regulator fenoxycarb. Thus:
1.1. I coupled haptenic derivative of fenoxycarb to various carrier proteins. To
verify coupling efficiency in conjugation of the aniline type haptens, I prepared
model compounds in the reaction of phenoxyanilines and cresol, and with these
compounds verified that hapten coupling strongly depends on the type of the
carrier protein. I calculated the hapten /10 kDa protein ratios (HD 10kDa) for
various carrier proteins (BSA, CONA, KLH and OVA), and its value was
between 0.8 and 4.2, with the highest levels in the BSA- and CONAconjugates.
1.2. I characterized the antisera raised against hapten conjugates of fenoxycarb, used
as immunogens, in immobilized antigen-based ELISA systems. Serum titers in
the developed ELISA systems were between 200 and 8000, and the inhibition
mid-point (IC50) with fenoxycarb in the optimized ELISA system was 2.7 ± 1.6
ng/ml and 1.1 ± 0.6 ng/ml with various conjugates. The limit of detection
(LOD) was 0.2 – 4.6 ng/ml in hapten homolog systems and 0.11 – 0.2 ng/ml in
hapten heterolog systems.
1.3. I studied the cross-reactivity of 42 possible co-contaminants in the fenoxycarb
ELISA system, and found the ELISA system specific for fenoxycarb. I
optimized the ELISA system for its main assay parameters. The assay works
the best at pH = 7.4, in a buffer containing 0,5% (v/v) methanol, using gelatin
from bovine skin as a blocking reagent.
1.4. I evaluated the applicability of the ELISA system optimized for the detection of
fenoxycarb in various environmental and biological samples. Thus, the system
is applicable in various water samples (tap water, water from the river Danube),
while it can be used, at its present parameters, for the analysis of soil samples
only after sample clean-up. I successfully used the optimized ELISA system in
insect hemolymph (while strong matrix effects appeared in fat body tissue and
in whole body homogenate), animal urine, and in fish liver samples, where I
detected increasing fenoxycarb content in the liver of treated animals dependent
of the application dose. Using water and fruit drink samples, I compared the
optimized ELISA system with an instrumental analytical (GC-MS) method.
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2. Application of a commercial ELISA system for the detection of the hericide
atrazine
The target compound: The two main calsses of herbicides, ureas and symmetrical
triazines, act by inhibition the II. light period of the photosythsesis. A common property
of the compound classes is that they block photosynthetic electron transport in the
chloroplasts. Symmetrical triazine herbicides are derivatives of 2,4-diamino-1,3,5triazine, including a large number of compounds with various substituents on the
realtively rigid molecule skeleton (the 1,3,5-triazine ring). The herbicide with the
highest agricultural use among triazines containing a chlorine atom in the 2 position
of the s-triazine ring is atrazine (Figure 2), a herbicide selective in corn and applicable
to other deep-rooted commodities. (In Hungary it is marketed under the trade name of
Aktinit PK.) Atrazine decomposes in soil only very slowly (mainly if conditions are
anaerobic), and its slow leaching from the soil makes it a persistent water pollutant. As a
result is has been banned in Germany. In additional, due to its endocrine (hormonal)
disrupting effects, we decided to minitor the herbicide active ingredient using a
commercial ELISA kit (the EnviroGuard ELISA plate kit by ImmunoSystems–
Millipore).
Cl
N
N
H

N
N

N
H

Figure 2 The chemical structure of the s-triazine derivative herbicide, atrazine. The compound family containing various
substituents on the rigid 1,3,5-triazine skeleton include numerous related compounds.

Cross-reactivity, applicability of the method: I tested the commercial ELISA kit for
detection of the herbicide active ingreduients atrazine, cyanazine and prometrine, and
I found the method significantly specific for atrazine: the system detected atrazine at
0,2 – 5 ng/ml concentration, while prometrine and cyanazin was detected only at
higher (2 – 20 ng/ml) concentrations. I also studied, using the ELISA kit, the
decomposition kinetics of atrazine in water and soil. For soil samples, I optimized a
solvent extraction process for sample preparation, and I found extraction with
methanol as the optimal protocol (by method and economy).
Practical applications: I applied the ELISA kit for the determination of atrazine
content in surface water and field soil samples, and the experiments in both cases
indicated that the target compound, atrazine is a persistent contaminant in the
environment.
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New scientific results:
(B) I applied a commercial ELISA kit for the immunoanalytical detection of the
herbicide atrazine. Thus:
2.1. I verified the applicability of the ELISA system, marketed for monitoring
triazine herbicides, in environmental samples. I optimized the sample
preparation process of soil samples for ELISA tests, and found methanol as an
optimal solvent. Using the ELISA kit, I studied the decomposition of atrazine in
water and soil, and found that in water at room temperature a rapid initial
decomposition rate (the active ingredient level of 1 µg/ml decreased to öne-fifth
within 12 days) does not decrease further resulting in a persistent residue level,
and in soil the 1 µg/g initial dose also remains persistent, both in sand and black
(chernoziom) soils, at a level of 0.35 µg/g. The study has verified that atrazine
is a persistent contaminant both in water and soil.
2.2. I studied detectable atrazine levels in surface water and field soil samples
collected from areas of intensive agricultural use (Békés county) and natural
recreation areas (Fejér county). I found that the atrazine level is 0,31-0,40 ng/ml
in water samples from agricultural areas, and 0,08-0,30 ng/ml from natural
recreation areas. I demonstrated that alarmingly high atrazine contents remain
in experimentally treated field soil samples one year after application (31-64%
depending on application doses), and residues of atrazine application from
previous years was detectable in all agricultural soil samples.
ABBREVIATIONS
ELISA – enzyme-linked immunosorbent assay
IC50 – inhibition mid-point (inhibitor concentration
causing a 50% decrease of maximal signal)
LOD – limit of detection
HD – hapten density
BSA – bovine serum albumin
CONA – conalbumin
KLH – hemocyanin (from keyhole limpet)
OVA – ovalbumin
GC-MS – gas chromatography – mass spectrometry
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