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Modern analytical chemistry is playing an increasingly greater role in the field of envi-
ronmental and food monitoring. Often critics charge that only a few chemicals are moni-
tored, that the number of samples is inadequate to ensure detection of contamination, 
and that there is too long a delay between sample collection and communications of results
back to the client. Even with the best analytical methods, problems can arise when hundreds
or thousands of complicated samples must be handled. Therefore, there are continuous
efforts to develop rapid, low-cost, simple and reliable tests that could also be automated 
or carried out on-site (field-portable assays). Besides others, attention has focused on bio-
analytics, especially on the development of immunological techniques. They are generally
based on the recognition of an analyte by a specific binding protein - the antibody, which was
specifically prepared against this target molecule.

1.The binder
Production of highly specific and affine antibodies against the target analyte is the 

fundamental work of any immunochemical methods. In the case of low-molecular-weight
compounds (Mr<1000), the synthesis of a conjugate of the target analyte and a protein 
is required to obtain an immunizing antigen. The most widely used carrier proteins are 
ovalbumin, keyhole limpet hemocyanin, and bovine serum albumin. Methods used for such
bioconjugation have been extensively reviewed [1]. For generation of polyclonal antibodies
(pab), essentially any vertebrates can be used. Rabbits are the most commonly used labora-
tory animals for antiserum production, because they can produce moderate amount of anti-
serum. However, each polyclonal antiserum will vary in its composition and characteristics
from animal to animal. Therefore, availability is limited thus reducing commercial utilization.
Despite these shortcomings, the majority of commercially available tests kits for environ-
mental contaminants is based on polyclonals. 

For the production of monoclonal antibodies (mab), spleen cells of immunized mice
and murine myeloma cells are used to obtain hybridoma cells. The latter can grow 
indefinitely in culture and secrete antibodies uniform in terms of structure and function.
The potentially unlimited supply over a long period of time of a homogeneous well-
characterized antibody reagent especially meets the demands of regulatory authorities 
for standardized reagents and methods. However, because of the high initial labor and costs
needed, laboratories often hesitate to establish the hybridoma technology.

The recombinant DNA technology claims to overcome the disadvantages of hybridoma
technology mentioned before [2]. Main advantage is that molecular modeling 
and site-directed mutagenesis of cloned antibodies (recombinant antibodies (rab)), may
provide more cost-effective and efficient alternative to the tedious synthesis of haptens 
and accompanied numerous immunizations. Basic principle is to isolate genes that encode
antibodies from an organism and purifying and reproducing them in another organism, 
e.g. E.coli, insect cells, yeast, and fungi. In addition, plants and crop species, in particular,
have the potential to enable extremely cost-efficient production of antibodies (plantibodies).
The technique is an exciting new possibility of more efficient manipulation of antibody
binding sites to give desirable binding affinity, specificity, tolerance to physical parameters,
and sensitivity to matrix constituents such as organic solvents.

Aptamers are artificial nucleic acid ligands, specifically generated against a target 
molecule [3]. They started as therapeutic agents and became interesting molecular tools 
for analytical applications as well. They are isolated from combinatorial libraries of synthetic
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nucleic acid by a systematic evolution of ligands by exponential enrichment (SELEX). So far,
practically all analytical applications have been reported for clinical applications. Broadening
into areas of food control and environmental monitoring, though being logical, has to be
demonstrated yet.

Molecularly imprinted polymers (MIPs) also termed artificial antibodies, combine 
the stability, low cost and synthetic efficiency of synthetic polymers with the ability 
to tailor recognition properties of biological recognition systems. Preparation remains 
a disputed technique for the synthesis of high-affinity and selective synthetic antibody 
mimics for sensitive assays. A current effort is the exploration of different polymerization
techniques to produce MIPs in any desired format, from bulk materials to nanospheres 
of highly defined shape and narrow size range (Fig. 1). Notwithstanding their proven useful-
ness for selective solid-phase extraction (SPE), a breakthrough as substitutes for natural
antibodies in pseudoimmunoassays at relevant concentrations cannot be envisaged at this
stage of development [4].

2.Assay formats
Immunoassays can be classified in several directions, (a) type of tracer used to quantify

the target analyte (e.g. radioimmunoassay, enzyme immunoassay, fluorescence immuno-
assay, luminescence immunoassay), (b) applied amount of antibodies (antibody excess 
or analyte excess), and (c) separation of bound and free phases is required or not (hetero-
genous and homogeneous assays). Heterogeneous enzyme immunoassays involving the use
of a solid phase, e.g. microtiter plates, tubes, or beads, for separation of bound and free 
analyte before enzymatic activity is determined are known as enzyme-linked immuno-
sorbent assays (ELISA). They can be run as competitive or non-competitive formats. Both
have been proven to work with environmental and food samples. Currently, ELISAs 
performed in a microtiter plate or test tubes are the most common techniques used for
immunoassays. ELISA test kits are favored as high throughput assays with low sample 
volume requirements and often less sample clean-up procedures compared to conventional
methods. They are rapid and simple to perform and portable for use in the field. However,
with the demand for even shorter analysis time and user-friendly field-assays, other formats
are being explored e.g. membrane based immunoassay such as flow-through assays
and lateral flow tests (also called test strip or immunochromatographic test) and clean-up 
gel-based assay columns. These methods do not require any special equipment and most
any individual can perform the assay. A typical immunological test strip is composed 
of a sample pad, a conjugate pad (contains a mixture of the analyte-antibody gold particle
complex and the anti-secondary antibody gold particle complex), a membrane, an absorbent
pad and an adhesive backing (Fig. 2). On the test and control lines the analyte-protein 
conjugate and the second antibody are immobilized, respectively.

Fig.1. Scanning electronic microscopy (SEM) images 
of MIP polymer P3 (template = diethylhexylphthalate)
synthesized by precipitation polymerizationin a round-
bottom flask (dispersive solvent acetonitrile, crosslinker
EDMA). Reprinted from [5] with kind permission 
of Springer Science +Business Media.

Fig.2. Usual configuration of a lateral flow
test. Reprinted from [6], with kind permission 
of Springer Science+Business Media.
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However, in environmental and food chemical analysis the technology can only 
provide semi-quantitative results, generally. The interpretation of results may be difficult
when the analyte concentration of the sample is close to the method cut-off level.

The limited multianalyte capability of immunoassays is a major disadvantage 
compared with separative techniques. To compete, two main strategies are available for
multiplex assays - microarray technology (immuno biochips) and encoded microsphere
assays (bead-based microfluidic immunoassays [7]. Microarrays are a logical presentation
of biomolecules laid out on a solid planar platform, generally a glass slide. The resulting
presentation is referred to as an array or as a chip. In this format, individual molecules are
separated from one another, allowing the user to interrogate each molecule independently
but simultaneously. The scope of microarrays has expanded impressively in recent years. 
As a rapidly maturing technology, microarrays pave the way for high-throughput analysis.
However, they are not only miniaturising microtiter plate to the size of a microscopic slide.
They also show a new functionality due to the integration of a part or the entire detection
system. This allows, on the one hand lowering of the operation times of the different test
steps and on the other hand a real integration in a complete system incorporating particu-
larly microfluidic parts. Complete systems integrate sample transportation and preparation,
incubation and washing steps, and detection. Several companies are working to bring anti-
body chips to market. To date, the majority, as a research tool, is focused on proteome analysis.
Only a few investigations are known which address the determination of small molecules 
in environmental and food samples. Bead-based microfluidic immunoassays employ
microbeads as a solid support. There are a variety of surface modifications available on the
beads, which will introduce multiple functionalities to a single microfluidic design. 
By encoding and creating a set of microcarriers for each analyte, the reactions can be tracked
by decoding and identifying individual microcarriers. Therefore, multi-analyte analysis can
be performed simultaneously in a single assay. In the interest of bead-based microfluidics,
optical encoding using fluorescent dyes and quantum dots attached to microbeads used 
in flow cytometry appear the most suitable choice as solid supports. The extent of multi-
plexing is limited by the number of unique codes.

3.Detection principles
In enzyme immunoassays, the immunochemical reaction is visualized with enzyme

labels such as horseradish peroxidase and alkaline phosphatase, providing a colored end
product (colorimetric detection). Other important labels are fluorescence and chemilumi-
nescence (Fig. 3). Artificial particulate marker systems, both organic and inorganic, 
are of increasing interest for improvement of the performance of immunoassays, e.g. reducing
detection limits and signal amplification by several orders of magnitude. The underlying
detection procedure is usually based on optical techniques, for example surface-enhanced
Raman scattering (SERS), time-resolved luminescence (TRL), and back-scattering inter-
ferometry (BSI). Among the optical label-free assay platforms, surface plasmon resonance
(SPR) has a prominent place. Especially the Biocore instruments have demonstrated the sen-
sitivity required for environmental and food related analysis. Other label-free non-optical
platforms such as differential calorimetry, electrical impedance, microcantilevers, 
and acoustic resonance are emerging [8].

Fig. 3. In-house built microarray readout
platform based on chemiluminescence.
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4.Target analytes
To date, immunoassays for chemical contaminants were mainly developed for screening

of aquatic and soil contamination but also for food and crop analysis. The vast majority 
of these methods was applied for pesticides including herbicides, insecticides and fungicides
that are generally hydrophilic, non-volatile and stable in water. Approximately fifty poly-
and monoclonal test kits either in plate or tube format are commercially available. Within
the last years a number of investigations have been reported which clearly demonstrate 
the widespread occurance of pharmaceuticals and personal care products in the environ-
ment, notably in the aquatic compartment at ng/l to µg/l concentrations. Current knowledge
about long-term effects of low-level exposure to such compounds is limited, and chronic
effects may not become apparent for many years. In a wider sense, potentially serious 
environmental effects are often neglected, e.g. impacts on non-target species are practically
unknown. Further, because of the potential of a wide range of xenobiotic chemicals
(endocrine disrupting chemicals - EDCs) to interact and disrupt the endocrine systems 
of animals and humans, the presence of microcontaminants is of increasing public concern.
Whereas a larger number of immunoassays have now been developed and used for the analysis
of pesticides which are found at similar levels in aquatic systems, surprisingly, very few tests
have been applied to pharmaceutical compounds this far. Only a few groups have shown 
the feasibility of adapting clinical assays to the analysis of water samples for the presence 
of pharmaceuticals, and these have tended to focus on hormones, antibiotics, and 
anticancer drugs. Recently, a highly sensitive and specific ELISA for the nonsteroidal 
anti-inflammatory drug diclofenac was developed and successfully used for its determina-
tion in influent and effluent wastewater samples [9]. Biotoxins (biological warfare agents)
such as ricin and staphylococcal enterotoxin B (SEB), are perceived to be a new emerging
threat to humans [10]. The possibility of bioterrorism has become more credible after 
the 9/11 attack in U.S. Properties of biotoxins such as its ease of low cost production, 
its high lethality and capability to incapacitate population, its ease of dissemination and its
good stability after dissemination make them dangerous biological weapons. Thus, 
the development of rapid detection and quantification methods is urgently required. 

Of the thousands of existing mycotoxins, a few hundred are associated with food 
and only a handful present in food such as aflatoxins, trichothecenes, fumonisines, 
zearalenon, ochratoxin, and patulin, produce a wide range of adverse and toxic effects 
in animals in addition to foodborne hazards to humans. Conventional analytical methods
employ solid phase column cleanup of extracts and immunoaffinity techniques to remove
interferences to improve the determination of mycotoxins. These analytical methods
applied to food or feed samples yield results within hours or days. Competition within food
and feed industry forces them to reduce cost, employ cheaper labor and deliver costs rapidly.
Thus rapid methods for mycotoxin analysis have become increasingly important. 
The miniaturization and mass production of microarrays will certainly contribute to practi-
cal application of these analytical devices as screening tools (Fig. 4). Authenticity testing 
of food products, is important for labeling and assessment of value [11]. It is necessary 

Fig. 4. Competitive flow-through immunoassay for the determination of aflatoxins. The lumines-
cence signals are measured with an in-house developed chemoluminescence readout system 
(see Fig. 3).
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to avoid unfair competition and assure consumers protection against fraudulent practices
commonly observed in the food industry. To give some examples for the use of ELISA 
techniques, (1) meat, fish and milk species discrimination, (2) fruit juice labeling 
authenticitation, (3) genetically modified and irradiated food detection, (4) feedstuffs origin,
and (5) allergen ingredients identification.

Finally, there is an increasing need in environmental and food analysis for clean-up
methods that will result in more selective extraction of the analytes of interest, if possible,
in a single step. Immunoaffinity chromatography (IAC, immunoaffinity extraction)
which makes use of antibodies immobilized on solid supports such as silica or polymeric
adsorbents is of increasing interest [12]. The sorbents are used in a manner similar to SPE
cartridges. Several cartridges are commercially available, for example for the isolation of food
nutrients, pesticides, EDCs, steroid hormones, and mycotoxins. In addition, immuno-
extraction can be coupled directly with a chromatographic method thus giving rise 
to a hyphenated technique such as immunoaffinity/reversed-phase liquid chromatography
(IA-RPLC).
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