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Chapter

Immunoassay: An Emerging Technology

Immunoassay, which use antibodies to de-
tect chemical compounds, are widely used in
clinical chemistry but have not been equally
applied to the analysis of pesticide residues (4).
Yet they seem to have a potentially significant
role in analyzing pesticide residues in food.
Antibodies can be developed to identify single
pesticides or, in some cases, small groups of
similar pesticides. Those immunoassay that
determine groups of pesticides supply data for
the entire group and not the individual pesti-
cides. Immunoassay can also be used to pro-
vide quantitative data, similar to that provided
by conventional analytical techniques, or they
may provide qualitative or semiquantitative

data. The latter type can, in some cases, yield
results more quickly than conventional tech-
niques.

U.S. Federal and State agencies do not cur-
rently use immunoassay in their pesticide res-
idue regulatory programs on food. However,
FSIS has begun implementing the use of an im-
munoassay to detect a small group of pesticides,
and Canada’s Department of National Health
and welfare (which regulates pesticide residues
in food) will be training laboratory personnel
in the fall of 1988 in the use of a specific im-
munoassay to determine one pesticide (1,13).

In higher animals, specialized cells (known
as B lymphocytes) recognize substances foreign
to the body (known as antigens) and respond
by producing antibodies that recognize and
bind to the antigens (figure 4-1). The introduc-
tion of a pesticide can stimulate an animal’s
immunological system to develop antibodies
that will recognize and bind to that specific pes-
ticide. These antibodies can be obtained from
the animal’s serum and used for the detection
of the pesticide. However, antibodies are so spe-
cific that it is important to decide upon the pur-
pose of the antibody before development be-
gins. For example, for pesticides that are
metabolized quickly, antibodies may need to
be developed for the significant metabolizes
rather than the original pesticide.

Pesticides are usually made up of molecules
too small to induce the production of antibod-
ies. Therefore, pesticides must first be con-
jugated to a larger carrier molecule, often a pro-

Figure 4-1.-Artist’s Conception of Antibody-Antigen
Interactions

Antibody-antigen interactions result from a precise f it be-
tween a surface feature of the antigen and the correspond-
ingly shaped binding sites in the antibody molecules.

SOURCE: Environmental Monitoring Systems Laboratory Las Vegas, Environ-
mental Protection Agency.
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tein. Once attached to the carrier molecule, the
pesticide is called a hapten. Where the conju-
gation occurs will influence the types of anti-
bodies produced. The chemical synthesis of the
hapten-carrier conjugate is generally consid-
ered to be the most important factor in obtain-
ing useful antibodies for analytical use, and the
chemistry involved is a major factor in the cost
of immunoassay development (9). The hapten-
carrier conjugate is then injected into a ver-
tebrate, e.g., a rodent or rabbit, or for large
amounts of antibodies, a sheep or goat. The ani-
mal will produce an array of antibodies; some
will bind to the carrier molecule, some to the
hapten-carrier conjugate, and some to the hap-
ten. Only the last of these is useful for develop-
ing an immunoassay to detect the pesticide.
These antibodies will be heterogeneous because
different B lymphocytes may produce antibod-
ies that bind to slightly different sites on the
hapten. These antibodies are known as poly-
clonal because they are produced from a num-
ber of different B lymphocyte clones in the ani-
mal. They need to be characterized for their
affinity for the hapten (the strength of their bind-
ing interaction with the hapten) and their speci-
ficity (whether they bind only to the hapten or
to other related chemicals as well).

For most immunoassays, the greater the af-
finity, then the greater the sensitivity of the anal-
ysis (10). The degree of specificity must be
known to determine if the antibody will bind
to, or cross-react with, compounds other than
the hapten. The mixture of antibodies will vary
inside the animal producing them with changes
in the number of each type of B lymphocyte;
it will also vary between each animal immunized.
The changes in the proportion of hapten-spe-
cific antibodies and the existence of other an-
tibodies can interfere with the analytical ap-
plication of a polyclonal-based immunoassay.
By analyzing known concentrations of a pesti-
cide along with the unknown concentrations
in a sample, these variations can be adjusted
for, and successful polyclonal-based immuno-
assay for pesticides can be developed (10, 11).

The production of monoclinal antibodies can
offer some benefits over polyclonal antibodies,
but some tradeoffs exist. Monoclinal antibod-

ies are produced through a fusion of mouse or
rat B lymphocyte spleen cells with myeloma
tumor cells to produce hybridoma cells, a small
percentage of which will produce the desired
antibody. The spleen is normally taken from
an animal that has first successfully produced
useful polyclonal antibodies. This process takes
a minimum of 3 months before large quanti-
ties of antibodies can be produced (21). Hybri-
domas can live almost indefinitely and can pro-
duce an unlimited amount of homogeneous
monoclinal antibodies without the interfering
antibodies that may exist with polyclonal anti-
bodies. And like polyclonal antibodies, hybri-
domas can be stored in liquid nitrogen and
easily distributed between laboratories.

Monoclinal antibodies, however, are not nec-
essarily the better choice for a specific immuno-
assay. Polyclonal-based immunoassay may be
adequate for an immunoassay, and in some
cases, they are the more sensitive of the two
(3). But for other pesticides, monoclonals may
be necessary (3). Production of monoclinal an-
tibodies requires more time, labor, equipment,
and training than polyclonal antibodies and can
add 25 percent to development costs (7). New
techniques now under development may reduce
the costs of hybridoma production, however (9).

Polyclonal or monoclinal antibodies are next
incorporated into an immunoassay. Immunoas-
say for pesticides operate by competitive in-
hibition, or displacement, in which the antibod-
ies are simultaneously exposed to an unknown
amount of a pesticide in the sample and to a
known quantity of the pesticide separate from
the sample. The more pesticide in the sample,
the fewer antibodies will bind to the latter pes-
ticide (4).

To allow measurement, some sort of tracer
must be attached to either the antibody or the
pesticide. Currently, the most widely used
tracer is an enzyme that will generate an eas-
ily measurable color when an additional sub-
stance is added. Other tracers include radioiso-
topes, fluorescent molecules, and magnetic
particles (10). The radioimmunoassay (RIA),
while in some ways more effective than the en-
zyme immunoassay, currently receives less at-
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tention for pesticide detection because of the
demands and hazards of working with radio-
active substances and because enzyme immuno-
assay have become increasingly practical (13).
The fluorescent immunoassay, currently used
in clinical applications, potentially may become
as, or more, important for pesticide residue
analysis in food as the enzyme immunoassay.
It can be faster, more sensitive, and more eas-
ily automated than the enzyme immunoassay
(9).

To determine the amount of pesticide in a
sample, a standard curve is prepared. Several
different known quantities of the pesticide
(called standards) are separately analyzed with
the immunoassay. A standard curve is prepared
from these results and usually based on the ra-
tio of the amount of pesticide in the standard
to the measurement of the tracer (e.g., the in-
tensity of color produced by an enzyme tracer).
The measurement of the tracer from an assay
of a sample can then be compared against the
standard curve to determine the amount of the
pesticide in the sample (see box 4-A).

Some extraction and possibly cleanup of the
sample may be required before the antibodies
can be used. For some aqueous solutions such
as juices, immunoassay may be applied di-
rectly. Immunoassay for some vegetables and
fruits have also been used without a cleanup
step (14). However, cleanup is commonly nec-

Photo credit: Environmental Monitoring Support Laboratory-Las Vegas,
Environmental Protection Agency

A microprocessor-controlled photometer automatically
reads samples in the 96-well microtiter plate within

2 minutes and provides results in report form.

Box 4-A.—Enzyme-Linked Immunosorbent
Assay (ELISA)

ELISA is a common example of an immuno-
assay using an enzyme tracer. A test tube or
well in a 96-well plastic microtiter plate is
coated with a known amount of pesticide (con-
jugated to the carrier molecule) and so the pes-
ticide is immobilized on the surface of the tube
or well.

The sample extract containing an unknown
amount of the same pesticide is added to the
tube or wells. In separate tubes or wells on the
plate, known concentrations of the pesticide
(the standards) are added instead of the sam-
ple extract. The antibody that recognizes and
binds to that pesticide is then added. Some of
the antibody binds to the immobilized pesti-
cide and some to the pesticide in the sample
extract or the standards. How much antibody
binds to the immobilized pesticide depends on
how much pesticide is in the extractor standard,

The extract is washed away, and the amount
of antibody bound to the immobilized pesti-
cide will next be measured using the enzyme
tracer. A tracer enzyme may be already at-
tached to the antibody or may be attached by
adding a second antibody (that binds to the
first) conjugated with the enzyme. If the lat-
ter is done, then any unbound second antibody
is washed away. A solution of colorless sub-
trate is added, which will be changed by the
enzyme to a colored product (2 I).

The amount of antibodies bound to the im-
mobilized pesticide is shown by intensity of
the color; the greater the intensity, the less pes-
ticide is in the sample. The intensity of the
color can be measured through the use of a
microspectrophotometer, which may be linked
to a computer with data-analyzing software.
This measurement is then compared against
a standard curve, derived from the standards,
to give the amount of pesticide in the sample.

essary and time-consuming for food contain-
ing oil or fat.1

Most immunoassay work has taken place in
academic and regulatory laboratories (14). The
time to develop an immunoassay can vary.

‘For a more detailed description of the technology see ref. 10.
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polyclonal-based immunoassay generally re-
quire 9 months or longer to develop (13), and
monoclinal immunoassay may take a year or
more (21). However, commercial laboratories
having abundant resources and personnel may
be significantly faster than smaller laboratories
in developing an immunoassay, sometimes as
much as 4 to 5 months faster (7).

Another potential application of antibodies
is the biosensor, which theoretically can pro-

vide real-time, continuous monitoring of pes-
ticides in a matrix. The biosensor uses biologi-
cal molecules, such as antibodies, to recognize
and bind to the desired pesticide and a mecha-
nism whereby the binding generates an elec-
trical signal that can be measured and con-
verted to give the concentration of the antigen
(10). Compared to immunoassays, the applica-
tion of biosensors for the detection of pesticide
residues in food is uncertain.

STRENGTHS AND WEAKNESSES

Immunoassay are particularly suited for po-
lar, water-soluble pesticides and their degra-
dation products that are generally difficult to
analyze using conventional analytical methods.
Because immunoassay can determine biora-
tional pesticides (such as Bacillus thuringien-
sis), they could be important if use of biologi-
cal pesticides increases (10). They also can be
significantly faster than certain conventional
methods. Comparisons of quantitative immuno-
assay with conventional single residue meth-
ods using gas or liquid chromatography to ana-
lyze specific pesticide/food commodities show
that immunoassay can analyze four to five
times as many samples in a given time period
(15, 16, 17).

The rapid nature of immunoassay is based
on a number of factors. The cleanup step can
be avoided or abbreviated for aqueous samples
(such as juices and milk) and for many fruits
and vegetables. The detection step can be faster
than in conventional methods. For qualitative
and semiquantitative immunoassays, the detec-
tion step may take no more than 5 minutes. For
quantitative immunoassays, the use of a 96-well
microtiter plate and plate reader allows detec-
tion and quantification of a large number of
samples at one time. Quantitative immunoas-
say take approximately 4% to 6 hours to per-
form on food, from sample preparation to de-
tection. Liquids can take significantly less time.
At Health and Welfare Canada, one person can
analyze 12 to 16 fruit and vegetable samples
in triplicate (along with controls) in one day.
This work has been for research, not for regu-

latory application, and Health and Welfare Can-
ada believes the number of samples could be
tripled for regulatory application (14). There-
fore, although the quantitative immunoassay
procedure may take as long as a conventional
method, more samples can be analyzed at one
time.

The use of automation and robotics could fur-
ther increase the number of samples analyzed.
The principal steps of an ELISA that can be
automated include coating of the wells or tubes
with the immobilized pesticide; washing; addi-
tion of antibody, standards, and samples; and
color reading. Systems are available for au-
tomating one or more of these steps. For ex-
ample, unattended, automated spectrophotom-
eters can read 10 to 25 microtiter plates and
record the results in report form. However, be-
cause most enzyme immunoassay have long
incubation periods, automation of the entire
procedure by a single unit is not practical yet (9).

In addition, immunoassay can be simpler
to use than conventional techniques, require
less skilled personnel, and require minimal in-
strumentation time and comparatively inexpen-
sive equipment. Technicians can be trained
within 2 weeks (8, 13). And given that immuno-
assay can be more portable and simpler to use,
they may be adaptable to field use for food. The
actual costs of an immunoassay used on food
for pesticide analysis versus a conventional
method have not been compared (13). But the
costs of analyzing a sample in general and for
specific nonfood matrices with an immunoas-
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say are lower than for conventional techniques
(9, 22).

Despite these advantages, the use of immuno-
assay for monitoring pesticide residues in food
has been constrained by a number of factors.
Immunoassay may not be as sensitive for some
compounds as conventional methods, and they
can have lower levels of reproducibility. Be-
cause immunoassay are compound-specific,
they are not suitable for multi residue analysis.
Therefore, while they may analyze more sam-
ples in a given time than multiresidue meth-
ods, they can detect fewer pesticides.

Characteristics of the food or the pesticide,
in some cases, may also preclude the use of im-
munoassays. For food samples and pesticides
requiring considerable cleanup work, immuno-
assay may be no faster than conventional tech-
niques. In addition, immunoassay may not
work well in certain foods. For some pesticides,
e.g., those of very small molecules or having
nonrigid structures, it may not be possible to

develop antibodies. Or if the pesticide has lit-
tle aqueous volubility, it may not be possible
to use an immunoassay.

Not enough is known about possible cross-
reactivity of specific antibodies with other
chemicals present in food. Problems caused by
cross-reactivity are a concern but can be con-
trolled if the antibodies are first well charac-
terized and if blank samples and samples with
known concentrations are analyzed at the same
time with the sample in question (4). Cross-
reactivity can also be a benefit if an immunoas-
say is needed for a group of similar pesticides.

Another constraint to the use of immunoas-
say for pesticide residue analysis in food seems
to be the reluctance of some analytical chemists
to explore the potentials of immunoassays. This
is due in part to analytical chemists’ general
unfamiliarity with the biologically based tech-
nology. This constraint may be overcome by
validation of the technique and increased train-
ing in its use. The speed of doing so will de-
pend on institutional commitment, however.

STATUS OF REGULATORY USE OF AND
RESEARCH ON IMMUNOASSAYS

Antibodies have been developed and reported
for at least 30 pesticides, though few have been
applied to food (for a listing of immunoassay
developed for agrichemicals, see ref. 11). Cur-
rently, no government agency has used immuno-
assay for regulation of pesticide residues in
food, but many are supporting research and de-
velopment for immunoassay determination of
pesticides, in some cases for matrices other
than food (see table 4-1).

Regulatory agencies’ acceptance of immuno-
assay vary. Health and Welfare Canada is the
furthest along in the development of immunoas-
say for pesticide testing in food, Since 1980,
Canada has developed seven immunoassay for
use in food and is currently developing one for
2,4-D. Canada has focused its work on quan-
titative polyclonal-based ELISAs for polar com-
pounds in non-fatty foods. Canada’s regulatory
laboratories are not yet using immunoassays,

but a planned fall 1988 training workshop on
an ELISA for carbendazim is a first step toward
transferring the technology to the field labora-
tories (13).

FSIS recently has decided that immunoassay
can have an important role in its regulatory pro-
gram. This is in part a response to the National
Research Council’s recommendations to test
more samples and to test for more chemicals
using more rapid methods.2 FSIS is now work-
ing on implementing a semiquantitative im-
munoassay for the rapid detection of a group
of five pyrethrin insecticides for regulatory use
in 1989 at its Athens, GA, laboratory. Part of

‘In response to a request from FSIS, the Committee  on the
Scientific Basis of the Nation’s Meat and Poultry Inspection Pro-
gram, Food and Nutrition Board of the National Research Council
prepared in 1985 the report Meat and Poultrjr  Inspection: ThP
Scientific Basis of the Nation Program (12),  which included
technical recommendations for FSIS’S inspection program.
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Table 4-1 .—lmmunoassays for Pesticides Under Development by Regulatory Agencies

Agency Pesticide

FSIS . . . . . . . . . heptachlor &
heptachlor expoxide
triazines b

FDA . . . . . . . . . paraquat
fenamiphos,
fenamiphos sulfone
and sulfoxide
benomyl, carbenda-
zim, thiophanate
methyl
glyphosate

EPA. . . . . . . . . . paraquat
pentachlorophenol c

atrazine & simazined

CDFA . . . . . . . . molinate
thiobencarb
atrazine & simazine

Health &Welfare
Canada. . . . .2,4-D

Matrix

meat & poultry

meat & poultry

potatoes
oranges

apples

soybeans

soil & water
water
soil

water
water
water & soil

Type of Type of Data
assay ant ibody a prov ided

ELlSA M quantitative

ELlSA P qualitative

ELlSA M quantitative
ELlSA M quantitative

ELlSA M quantitative

ELlSA

ELlSA
ELlSA
ELISA

ELlSA
ELISA
ELlSA

ELISA

M

P & M
M
M

M
M
M

P

quantitative

quantitative
quantitative
quantitative

quantitative
quantitative
quantitative

quantitative

Contractor
(if one)

Lawrence Livermore Laboratory

Research Triangle Institute (RTI)
RTI

RTI

RTI

University of California—
Davis & Berkeley

EPA—Las Vegas Iaboratorye

ap = Polyclonal  and M = monoclinal.
bFSIS  Is evaluating  a rapid ELlsA test for tri~]n”s d“@Oped  by Immunosystems  Inc.

CEpA is “valuating  a penta~hlorophenol  immunoassay  developed by Westinghouse  Bio.Analytic  Systems COmpany.
dEpA IS d“velopln~ the soil “XtraCtiOn  technique for the immunoassay under contract with CDFA.
eThe university of California at Davis is doing  the hapten  synthesis work and developing polyclonal  antibodies. The University of California at Berkeley is developing

the monoclinal antibodies. The EPA Las Vegas laboratory is developing an extraction technique for atrazine  and simazine  in soil samples.

SOURCE: Office of Technology Assessment, 19SB.

this work is on completing the extraction and
cleanup steps for the immunoassay (l). FSIS
has contracted for the development of other
ELISAS for heptachlor and a number of ani-
mal drugs. In addition to contracting for the
development of immunoassays, FSIS also tests
commercially developed test kits and is cur-
rently evaluating a commercial qualitative im-
munoassay for triazine herbicides. FSIS’s use
of immunoassay is made more difficult because
it works primarily with fatty commodities—
meat and poultry—which normally require sig-
nificant cleanup.

FDA has no current plans to implement the
use of immunoassay for regulatory work. FDA,
however, has a 3-year, approximately $500,000
contract begun in September 1987 for the de-
velopment of six complete, quantitative im-
munoassay methods based on monoclinal anti-
bodies (2). FDA is taking a somewhat “wait and
see” attitude on the results of this research be-
fore determining the role of immunoassay in
its pesticide regulatory program.

EPA has established a program at its Las
Vegas Environmental Monitoring Systems Lab-

oratory on using immunoassay for the detec-
tion of hazardous substances, including pesti-
cides, in the environment. The program tests
commercially available immunoassay as well
as develops immunoassays. EPA does not ad-
dress food but it has an interagency agreement
with FSIS for the development of antibodies
of common interest,

The California Department of Food and Agri-
culture (CDFA) has contracted for the devel-
opment of three immunoassay for use on envi-
ronmental matrices: soil, surface water, and
groundwater. CDFA has no plans yet to use
these immunoassay on food (19).

Agencies have also taken different approaches
to the development of immunoassay. FDA, for
example, has contracted for the development
of entire immunoassays. EPA has cooperative
agreements with university laboratories to pro-
vide hapten work, antibodies, and in some cases
the entire immunoassay. Health and Welfare
Canada has developed its immunoassay in-
house. It seems that enough outside expertise
exists in antibody development for regulatory
agencies to tap using contracts instead of hav-
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ing to develop the capability to do such work
in-house. Agencies, however, would need some
in-house expertise, at least to identify the types
of antibodies needed, to evaluate the results of
the antibody development, and to adapt the im-
munoassay for use on food. This last capabil-
ity would also allow agencies to take advan-
tage of antibodies developed by others for
nonfood matrices.

Because the application of immunoassay to
pesticide monitoring in food is new, a great op-
portunity exists for agency coordination of re-
search. As noted earlier, EPA and FSIS have
an interagency agreement, and some of CDFA’s
work is done at EPA. But neither FDA nor
Health & Welfare Canada seem to be well linked
with one another nor with the other agencies.
Coordination could be stimulated if agencies
jointly listed which pesticides need improved
methods and then identified those best ad-
dressed by immunoassay. In this way, devel-

opment of antibodies useful to all agencies
could be done without duplication of effort.

Commercial development of immunoassay
for analyzing pesticides is also taking place. A
number of rapid immunoassay tests have been
developed by small private firms (see table 4-2).
Many of these test kits were developed for use
on water and require adaptation to food. Cur-
rently, FSIS is the only regulatory agency do-
ing adaption work. Quantitative immunoassay
for pesticides are also being developed pri-
vately, but again they are not aimed for use in
regulating pesticide residues in food. Identifi-
cation by Federal agencies of priority immuno-
assay needs and communicating these needs
to the private sector might stimulate private de-
velopment of immunoassay for use in food.
In some cases, private companies have devel-
oped immunoassay for internal use, and Fed-
eral agencies could investigate the possibility
of obtaining and modifying these immunoas-

Table 4-2.—Commercially Available ELlSA Test Kits for Pesticides

Claimed limit Water &
Pesticide of detection food matricesb Firm

Paraquat 100 ppb water Environmental Diagnostics Inc.
Burlington, NC

Triazine herbicides (atrazine, simazine 1 ppb water, milk, soup, and lmmunoSystems Inc.
propazine) fruit juices Biddeford, ME

Chlordane-related pesticides (chlordane, hep- 1 ppb water
tachlor dieldrin, aldrin endrin, endosulfan) 200 ppb beer

Benomyl 500 ppb water, orange and grape
juice concentrate

Carbofuran 1 ppb water
25 ppb grape juice

100 ppb rice

2,4-D 1 ppb water
100 ppb beer

Triazine herbicides same as triazines above Westinghouse Bio-Analytic
Systems Co. Rockville, MD

Aldicarb 10 ppb water and watermelon

Carbofuran 10 ppb water

Parathion 10 ppb water and fruit juice

Pentachlorophenol 10 ppb water
aPPb = ~afis per billion
bThe~e food matrices  are ones  that the firms have tested their immunoassay on. Some  Of these immUflOaSSaYS  were developed to analYze nonfood  matrices and

their modification for use on food may rrof be a prlor~ty  of the firm.

SOURCE: Office of Technology Assessment, 1988
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says for agencies’ use on food (10). For exam-
ple, a polyclonal-based quantitative immunoas-
say for cyanazine (an atrazine herbicide) was
developed for soil and water by Shell Oil Com-
pany and used to provide data for EPA reregis-
tration of the pesticide. The immunoassay has
a detection limit of 0.5 parts per billion and can
analyze five times as many samples a day as
a conventional method using gas chromatog-
raphy (18).

As a new technology in the pesticide analy-
sis area, immunoassay require rigorous vali-
dation before acceptance by analytical chemists
(21). Validation of immunoassay initially could
be accomplished through comparisons with
established methods, although in time agencies
may need new validation and quality control
protocols to address the unique properties of
immunoassay (3). Standardized methods for
using immunoassay and criteria for evaluat-
ing data, a general plan for establishing degree
of cross-reactivity, and minimum quality speci-
fications for the materials (including antibod-
ies used) would all benefit the validation of im-
munoassay (9).

As in the case of research, coordinating the
validation process for immunoassay among
regulatory agencies could be improved, possi-
bly in conjunction with appropriate profes-
sional associations such as the Association of
Official Analytical Chemists (AOAC). Currently,
agencies are conducting validations of immuno-
assay individually. No official validation studies
of immunoassay for pesticide residue detec-
tion in food have been submitted to the AOAC.
Health and Welfare Canada validated each of
its immunoassay by analyzing four to five com-
modities each with four different concentra-
tions of the pesticide, in duplicate or triplicate,
using conventional methods and the immuno-
assay on each sample (13). EPA used the same
process of analyzing each sample by both a con-
ventional method and an immunoassay in its
validation of a commercial, quantitative im-
munoassay for pentachlorophenol. For future
evaluations, EPA will prepare individualized
evaluation studies based on a statistically sig-
nificant number of samples analyzed through
conventional methods, which will eliminate the
need to analyze every sample by conventional
methods (20).

THE POTENTIAL ROLE OF IMMUNOASSAY IN THE DETECTION OF
PESTICIDE RESIDUES IN FOOD

Immunoassay have a number of potential
regulatory roles. The small number of pesticides
each immunoassay can detect means that im-
munoassay will complement or improve multi-
residue methods (MRMs) rather than replace
them. For example, development of immuno-
assay could be focused on those polar, mod-
erate-to-high health hazardous pesticides that
MRMs cannot address. Current MRMs might
also be improved by analyzing a sample extract
with conventional techniques as well as immu-
noassay, thus increasing the number of pesti-
cides that could be detected by the MRMs. Ad-
ditional work would be required to overcome
possible negative effects of extraction solvents
on the immunoassay, For all uses of immuno-
assay, conventional methods will be necessary

to confirm violations and ensure that the im-
munoassay are not giving false negative or
false positive results.

Advances in immunoassay technology may
result in immunoassay being submitted to EPA
during the tolerance-setting process to fulfill
the requirement for an analytical method. EPA
has not formally decided if such a method
would be acceptable, and FDA and FSIS would
need to provide input because the submitted
methods are to be used for regulatory work.
Therefore, EPA’s, FDA’s, and FSIS’s capabil-
ity to use immunoassay could affect the agen-
cies’ decision to accept them as submitted meth-
ods. In a worst case scenario, EPA might be
faced with the submission of analytically
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acceptable, commercially available methods
whose acceptance might be denied because a
regulatory agency does not have the expertise
or equipment to use them.

Quantitative immunoassay could replace im-
practical conventional single residue techniques,
increase the number of samples analyzed for
certain pesticides (even those for which prac-
tical conventional techniques exist), and in-
crease the number of special surveys for specific
pesticides. Increased automation, including
robotics, of the immunoassay would further
support these activities. Once accepted, quan-
titative immunoassay may also be used as a
confirmatory single residue technique for anal-
ysis by conventional methods.

Semiquantitative or qualitative immunoas-
say could test large numbers of food samples
rapidly for specific pesticides that need to be
monitored but that have shown few violations
in the past. Thus, more time-consuming and
expensive, conventional quantitative methods
could be reserved for confirming violative sam-
ples. Currently, some private sector food man-
ufacturers, such as certain baby food produc-
ers,

1.

2 .

3.

4 .

5.

use rapid ELISA tests to ensure that the

products they buy do not have illegal residues
of certain pesticides (5,6), The use of im-
munoassay in monitoring programs may re-
quire some rethinking of objectives because
they would enable a greater number of sam-
ples to be analyzed but they do not provide the
quantitative data some agencies require.

The ability of immunoassay to analyze large
numbers of samples would make them useful
when a widespread pesticide residue problem
is suspected in a specific commodity or com-
modities. The large number of samples that
need to be analyzed in this situation can over-
whelm a regulatory laboratory using conven-
tional methods. Such tests could be used to sort
out the violative samples and allow the legal
samples to reach the market more rapidly.

In time, the portability and simplicity of im-
munoassay, especially the semiquantitative
and qualitative ones, could provide the oppor-
tunity to perform testing outside of the labora-
tory. Issues such as how to address extraction
and cleanup needs, training of the field testers,
and how such analysis would fit into current
regulatory programs would first need to be ad-
dressed before field testing was implemented.
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