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Estimation of mycotoxins by immunoassay is a significant development. Mycotoxins are
low molecular weight compounds produced by certain groups of fungi. Mycotoxins can
produce acute and chronic effects on human and animal health. Many of the diseases surface
long after the consumption of contaminated food and hence mycotoxin contaminated food can
remain an unsuspected health hazard. The International Agency for Research on Cancer
(IARC) has categorized the toxins into various groups and as per the categorization, aflatoxins
are the most potent carcinogenic agents. Different countries have imposed limits on aflatoxin
B] contamination in food and food products and hence there is a need to have reliable
analytical techniques with high sample throughput. Conventional analytical methods for
aflatoxins are TLC, HPLC and fluorometry. The methods are time consuming, lack specificity
and are unsuitable for the analysis of a large number of samples. Though there are a few
laboratories supplying enzyme immunoassay kits for aflatoxin Bj, the cost of the kits are high
and the availability is limited. A RIA for aflatoxin Bl was developed at the Bhabha Atomic
Research Centre, which uses locally developed tracer and antibody, and commercially
available aflatoxin B\. Technically this assay is found to be much superior to the conventional
assay technique which is currently in vogue.

Immunoassays for steroid hormones primarily developed for clinical diagnosis can be
customized to other areas of applications. Veterinary science is one of the beneficiaries of the
immunoassay technique. For example, a progesterone assay in milk is a very good indicator
for identifying leutal phase defects in cattle and to detect missed conception or embryonic
death. An assay for anabolic steroids in food products could be used for estimating
contamination in meat and meat products. The technology for developing immunoassays for
many steroid hormones is now available and hence customizing clinical assays to include non-
clinical applications could be a logical extension of immunoassay technology for developing
countries.

2.3 Status of immunoassay as an analytical tool in environmental
investigations
J.M. Van Emon, U.S. Environment Protection Agency, Las Vegas, USA

Immunoassay methods were initially applied in clinical situations where their sensitivity
and selectivity were utilized for diagnostic purposes. In the 1970s, pesticide chemists realized
the potential benefits of immunoassay methods for compounds difficult to analyze by gas
chromatography. This transition of the technology has extended to the analysis of soil, water,
food and other matrices of environmental and human exposure significance particularly for
compounds difficult to analyze by chromatographic methods. The utility of
radioimmunoassays and enzyme immunoassays for environmental investigations was
recognized in the 1980s by the U.S. Environmental Protection Agency (U.S. EPA) with the
initiation of an immunoassay development program. The U.S. Department of Agriculture
(USDA) and the U.S. Food and Drug Administration (FDA) have investigated immunoassays
for the detection of residues in food both from an inspection and a contamination prevention
perspective. Environmental immunoassays are providing rapid screening information as well
as quantitative information to fulfill rigorous data quality objectives for monitoring programs.

In addition to pesticide measurements, immunoassays have also been used for several
industrial compounds including polychlorinated biphenyls (PCBs), pentachlorophenol (PCP),
and explosives such as trinitrotoluene (TNT). Immunoassays for metals based on metal ion-
EDTA chelates or metal conjugates have been introduced with somewhat limited



applicability. Immunoassays, because of their sensitivity, selectivity and tendency toward a
positive bias, have proven reliable for measurement of various contaminants at trace
concentrations. Immunoassays can also provide supplemental data by detecting complex
environmental or biological conjugates (products of environmental weathering or metabolism)
not amenable to instrumental methods. High sample throughput is a feature of immunoassays
that make them particularly suited to field studies and large-scale monitoring efforts. Table 1
lists several environmental immunoassays and their applications.

Compounds of environmental concern are usually of low molecular weight. Antibodies
for such small molecules may be difficult to develop because, although they may be antigenic,
they cannot stimulate antibody production. The small molecule, or frequently a derivative of
the analyte (termed a hapten), must be conjugated to a carrier molecule, such as a protein or
polymer to form an immunogen for antibody production. The hapten must mimic as closely
as possible the structure of the target molecule in size, shape, and electronic properties. The
end result is an antibody capable of recognizing the target analyte at very low concentration
levels in an environmental sample. Antibodies can be developed for a wide variety of small
molecules with the exception of small highly lipophilic compounds. The small molecule must
be sufficiently complex to stimulate the immune system when attached to a carrier protein.
Good choices for antibody development are compounds that are expensive or difficult to
analyze by conventional methods or for those compounds, which must be extensively
monitored.

Several facets of immunoassay methods make them well-suited for screening large
numbers of samples in a field setting such as a farm, food distribution center or a
contaminated waste site. Immunoassays can be designed that are easily transportable, easily
learned by non-scientist users, and less expensive than traditional methods while providing
results in minutes. Immunoassays tend to have a positive bias due in part to cross reactivity.
For environmental applications, false negative results are not acceptable but false positive
results, while not ideal, may provide an extra measure of protection.

Indirect competitive enzyme-linked immunosorbent assays (ELISAs) are commonly
used for small molecules, such as pesticides. The methods most frequently used in the
environmental analytical laboratory are based on the 96-well microtiter plate format. The
microtiter plate enables the simultaneous analysis of a large number of samples, standards,
and several quality assurance (QA) performance checks. Other solid surfaces such as test
tubes, filter paper and membranes have been employed. Many labels can be used for
visualizing the reaction between antibody and analyte, including radioactivity, fluorescence,
phosphorescence, chemiluminescence, and bioluminescence. Enzymes with colorimetric
substrates are the most common labels in environmental applications with quantitation based
on color intensity or rate of reaction.

The U.S. EPA NERL has extensively used the 96-well ELISA format for compounds of
environmental concern. ELISA techniques for chlorpyrifos that are highly quantitative are
being developed and applied to the analysis of various food commodities, house dust and
dislodgeable residues from vegetation. Chlorpyrifos exposures may also be determined by
measuring its urinary metabolite 3,5,6-trichloro-2-pyridinol. Extensive comparison studies of
these assays with gas chromatography/mass spectrometry indicated a high degree of method
comparability. When introducing a new quantitative analytical technique, comparability must
be established with current accepted methods. As with any analytical technique, quantitative



assays must be performed with a high degree of precision and accuracy. These assays are
usually more difficult to perform than the simple kit format and require highly skilled
personnel. However, quantitative immunoassays can provide highly quantitative data at a
much lower cost than chromatographic procedures.

Many analysts find the development of immunoassay methods challenging, particularly
as it encompasses elements of chemistry, biology and immunology. However, once the
selective antibodies have been obtained, immunoassay development follows the same general
principles of analytical chemistry (Table 2) as does other physico-chemical measurements. It
must be noted that immunoassay is just one step (detection) in the analytical scheme.
Extraction and cleanup procedures must be addressed. Frequently, immunoassays need little
or no cleanup, however, this must be verified by the analyst. Although test kits are easy to
use, they do not allow the analyst much freedom to optimize for a particular application.
Thus, it is often difficult to apply these pre-packaged formats to diverse analytical problems.

As with all analytical chemistry projects, a QA program should be implemented. In
part, a QA program should include: quality control protocols for the immunoassay method and
confirmatory method (when one is used); extraction and cleanup procedures; performance
checks; instrument calibration and maintenance; appropriate curve fitting models; data
handling and analysis; troubleshooting guidelines; and documentation of assay conditions,
techniques, and sampling procedures.

The use of immunoassay methods for environmental applications is expanding on
several levels. Researchers are constantly developing methods that are more sensitive and
selective for environmental contaminants. The regulatory community is continuing to accept
innovative methods with established reliability in real-world applications. As the spectrum of
possible environmental contaminants expands to include recombinant protein products,
immunoassays may assume a larger role and become the analytical method of choice for these
complex compounds.

Analysts are continuing to extend the knowledge base to include quantitative methods,
innovative formats and better hapten design strategies for development of selective antibodies
for small molecules. Concurrent with the growth and interest in environmental immunoassay
methods comes the responsibility of proper training in their execution and ultimately
development. Analysts must be trained in the use and development of immunoassay methods
through hands-on opportunities, and have access to training materials. One training guide
extensively used for environmental applications is EPA/540/R-94/509. This tutorial contains
information about designing and evaluating immunoassays in the laboratory or in the field as
well as setting up an immunoassay laboratory. Specific areas addressed include: necessary
general and immunochemical supplies, QA program guidelines, trouble shooting techniques
and operational considerations.

Immunoassays will not replace analytical instrumentation, but can be important alternate
techniques for compounds difficult to analyze by instrumental methods. Immunoassays are
not appropriate for the in-depth analysis or "finger printing" of samples. The strength of
immunoassay is for the analysis of a single analyte or group of closely related analytes for a
large sample load. The technology has exhibited widespread environmental and human
exposure applications including monitoring groundwater and waste streams, checking produce
for pesticide residues, monitoring for pesticides inside homes, determining residues in soils



prior to planting, and showing regulatory compliance. In situations were analytical needs
outweigh instrumental capability, immunoassays can fulfill an important gap and provide data
of known quality.

Table 1. Environmental immunoassays and applications.*

AflatoxinBl

Alachlor

Alachlor mercapturate

Atrazine

Atrazine metabolites

Chlorpyrifos

Mercury

Paraquat

Acyl urea (pesticides)

Molinate

Mycotoxins

barley grain monitoring

water monitoring

urine monitoring

soil and water monitoring

urine monitoring

crops, dust, water, food

soil, sediment monitoring

blood, urine, lymph monitoring

milk monitoring

agricultural water monitoring

milk, peanuts, corn, wheat

*Van Emon, J. M., Gerlach, C. L., 1998. Environmental monitoring and human
exposure assessment using immunochemical techniques. Journal of Microbiological
Methods 32, 121-131.



Table 2. A stepwise procedure for immunoassay development.*

Purpose

Identify target analyte

Develop selective antibody

Design hapten for immunogen

Develop immunoassay format

Optimize analytical detection

Evaluate method usefulness

Validate method

Procedure

Set data quality objectives (DQOs)

Determine interest for parent compound,
metabolite, or environmental degradation products
Select immunization scheme

Optimize reagent concentration, incubation times, etc.,
and develop standard curve
Check cross-reactivity, matrix effects

Compare with traditional methods used for target
analyte(s). Check DQOs
Using data analysis procedures, quantify method
performance

*Van Emon, J. M., Gerlach, C. L., 1995. A status report on field portable immunoassay.
Environ. Sci. Technol. 29 f7), 312A-317A.


