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Summary

Immunochemical methods have increased considerably in the past years, and many examples of small and
large scale studies have demonstrated the reliability of the imnuunotechniques for control and monitoring of con-
taminant residues in different kinds of samples. Application of the immunoassay (IA) methods in pesticide resi-
due control is an area with enormous potential for growth. The most extensively studied IA is the enzyme-linked
absorbent assay (ELISA), but several other approaches, that include radioimmunoassay and immunoaffinity
chromatography, have been also developed recently. In comparison with classical analytical methods, 1A methods
offer the possibility of highly sensitive, relatively rapid, and cost-effective measurements. This paper introduces
the general IAs used until now, focusing on their use in pesticide analysis, and discussing briefly the effects of
interferences from solvent residues or matrix components on the IA performance. Numerous immunochemical
methods commonly used for pesticide determination in different samples such as food, crop and environmental
samples are presented.
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matrix effect

Introduction

Despite the necessity of the use of pesticides as agri-
cultural defensives, their use can sometimes cause seve-
ral public health and environmental problems. Most en-
vironmental risks and ecological damage from pesticide
use result from toxic effects of pesticides on various li-
ving organisms. In some investigations it was found
that insecticides are the most toxic class of pesticides,
followed by herbicides, acaricides (mite killers) and fun-
gicides (1). Impacts on non-target organisms depend on
how the pesticide degrades and moves through the
hydrological cycle, the soil and food chains. Adverse
impacts on beneficial organisms tend to be greatest whe-
re several different pesticides, especially insecticides, are
applied routinely. Today it is already known that about
500 insect pests, 270 weed species and 150 plant diseases

are now resistant to one or more pesticides. Evidently,
this increasing tolerance has occurred due to the inade-
quate use of these compounds. Inherently, they have
shown a certain degree of toxicity for the mammalian,
specially the less degradable and more persistent pro-
ducts. Although many pesticides can be analysed using
conventional (and sometimes highly sophisticated)
analytical techniques, there are many more than cannot
be analysed or can only be analysed at levels that are
too insensitive. For this reason, development of simple,
rapid, sensible and selective methods for pesticide resi-
due determination is highly desirable, because the ne-
cessity for monitoring of these residues is evident.

Most pesticide residue analyses have been perfor-
med using chromatographic techniques. In this respect,
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one of the main decisions to be taken at the beginning
of an analysis for pesticides is whether to use gas chro-
matography (GC) or liquid chromatography (LC). The
choice of the analytical technique depends mainly on
the class of pesticide to be studied, its stability and best
detection forms. Applications of the analytical techni-
ques in determination of different classes of pesticides
have been described extensively in the literature (2-5).
As usual, papers devoted to herbicide analytical metho-
dology dominated the applications literature during the
last years. In fact, these compounds correspond today to
70-80% of the total amount of pesticides used on crops
in developed countries. Chromatographic methods for
determination of herbicides residues in crops, food and
environmental samples were reviewed by Tekel and Ko-
vacicova (6). The chromatographic techniques usually
used for herbicide determination are GC-NPD and GC-
-MS after solvent extraction (7). Some multiresidue pro-
tocols also employ ECD detection for these compounds
(8).

In general, the conventional procedures for sample
preparation before chromatographic analysis are more
expensive and time-consuming than in the other analyti-
cal procedures. The chromatographic methods usually
involve extensive purification and often derivatization
of the target compounds; moreover, experienced techni-
cians and expensive equipment are required. Although
such methods continue to predominate, as exemplified
by the widely used Luke multiresidue method, new and
improved methods and technologies for the analysis of
pesticides residues continued to evolve rapidly during
the past ten years. In this respect, the immunotechni-
ques and biosensors have been extensively explored; the
detection and the quantification limits of most of these
new methods are at low parts per billion (ppb) to parts
per trillion (ppt) for water analysis, and low parts per
million (ppm) to ppb for other types of samples, such as
crops, feeds, soils and biological matrices (2,9). The
lower limit of residue measurement in foods for these
methods was usually below the tolerance levels, which,
depending on the pesticide used for crop protection, ge-
nerally range from 0.1 to 50 ppm.

In this paper the determination of pesticides, that
include the products used on a worldwide scale, such as
organophosphorus, organochlorine and carbamate insec-
ticides, triazine, phenylurea or chlorophynoxy acid her-
bicides, employing different assay formats will be re-
viewed. We will focus this review on different kinds of
immunoassay (IA) methodologies developed for pestici-
de analysis as well as in crop and food, in environmen-
tal matrices.

Immunoassay Techniques for Pesticide
Analysis

Immunochemical methods were first developed to
substitute the expensive, time-consuming and laborious
traditional analytical techniques. They involve the use of
antibodies, which are polypeptide molecules produced
by the immune-system cells when they are exposed to
an antigenic substance. Antibodies are the key compo-
nents of all immunochemical methods and are characte-
rized by specific recognition sites in their structures

which enable highly specific interactions with the anti-
gens. The product of the binding of antigen to antibody
is called an immune-complex, and the fact that this can
take the form of a visible precipitate is of use in some
analytical techniques, although for the majority of im-
munochemical techniques, it is simply the act of binding
that is important.

Classification of immunoassays

An understanding of the forces holding antigen and
antibody molecules together is major of importance in
these techniques. In practice antigen-antibody reactions
occur spontaneously without the aid of enzymes and
only weaker forces (e.g. hydrogen bonds, hydrophobic
and van der Waals' forces) are involved. There are un-
doubtedly a number of such interactions between a par-
ticular determinant on an antigen molecule and the
complementary binding site on an antibody (10}. Also,
the influence and control of environmental factors such
as pH, and of the nature and concentration of other so-
lutes have important implications in the design and exe-
cution of the experimental procedures employed in im-
munotechniques (10,11). Principal IA formats commonly
used in clinical and environmental applications are also
presented and briefly discussed.

Competitive or non-competitive immunoassays. A com-
petitive IA may be described by the immunochemical
reaction:

2Ab + Ag + Ag* = AbAg + AbAg*

A free antigen (Ag) competes with a labelled anti-
gen (Ag") for a fixed and limited number of specific bin-
ding sites on the antibody (Ab) molecules. The extent of
the binding of labelled antigen by the antibody depends
on the concentration of unlabelled antigen and this al-
lows the determination of the concentration of the
unknown analyte (free antigen). A calibration curve is
constructed from known amounts of antigen to determi-
ne the concentration of the unknown analyte. The com-
petitive assays can be also divided into two groups: i)
direct competitive, where the antigen-specific antibody
is labelled and used to bind directly to the antigen. This
kind of Al is intensively used in clinical analysis (12,13);
and ii) indirect detection where the antigen-specific anti-
body is unlabelled and its binding to the antigen is de-
tected by a secondary reagent.

Non-competitive formats are used for the assay of
large molecules with more than one epitope. This 1A is a
sandwich ELISA consisting of the adsorbing unlabelled
antibody to a solid surface followed by the antigen. The
antigen-antibody (Ag-Ab) complex is quantified by ad-
ding enzyme-linked antibody directed against the anti-
gen, ie. labelled antibody of the same specificity as the
unlabelled antibody already adsorbed to the surface, not
an anti-Ig. This approach requires that the antigen have
at least two accessible binding sites for antibody because
two antibody molecules must be bound to the same an-
tigen molecule. The kind of antibody-binding 1A de-
pends mainly on two factors: the target compound and
the immunoreagens used. Non-competitive assays are
generally more sensitive than the competitive ones.
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However, this type of assay is not suited for small mole-
cules, such as most of the environmental contaminants,
because the analyte must have multiple epitopes to al-
low simultaneous binding of two antibodies. Fig. 1 sche-
matizes a sandwich ELISA format initially containing a
coated antigen competing for the places on antibody
(14). This format has been extensively used for pest1c1de
analysis (15).

analyte Y antibody enzyme-labelled
= anaiyte

enzyme-labelled
antibody

Fig. 1. Competitive »sandwich« enzyme-linked immunosor-
bent assay format with immobilised antigens and addition of
both analytc% and antibodies (limiting antibody concentration)
to the solution; a labelled second antibody directed against the
first antigen-specific antibody is added; after a wash step, de-
tection is performed by adding substrate and chromophore.
(From ref. 14).

s
e

Homogeneous or heterogeneous 1As. Homogeneous
IAs, which do not require a separation step, use signal
modulation for detection where the activity of the anti-
gen-enzyme conjugate is inhibited after binding to the
antibody. The absence of enzyme activity results in a co-
lorimetric change which can be used for quantification.
This kind of assay offers the advantage of shorter analy-
sis time relative to its equivalent heterogeneous assay,
but it is less commonly used due to its inherent limita-
tions, such as matrix effects and lower sensitivity.

In heterogeneous assays, physical separation of the
bound and free reagent is required. Although this assay
involves more steps due to the sequential rinsing requi-
red, removal of the unreacted components results in a
less complex matrix for signal detection. Thus, sensiti-
vity and detection limits are usually improved. An
example of this assay is ELISA, the most popular format
used for clinical and pesticide analysis.

Enzyme-linked immunosorbent assay (ELISA). It is a
solid-phase assay that uses enzyme-linked techniques.
The test is usually based on the fact that one of the reac-
tants, usually antigen, is adsorbed onto the surface of a
test tube or microtiter well. In order to determine the
quantity of antibody in a sample, an aliquot of antise-
rum is reacted with the adsorbed antigen. The unreacted
molecules are washed away, and an enzyme-linked an-
ti-immunoglobuline (anti-Ig) is added. Finally, the sub-
strate is added and the amount of developed color is de-

termined. The content of antibody present can be
quantified from standard curves, because the amount of
color is proportional to the amount of enzyme-linked se-
cond reacted antibody. Variations of this basic technique
have been described extensively in the literature (16-21)
and in handbooks (12,22-25).

In ELISA format with a known amount of antibo-
dies linked to a solid support and a fixed concentration
of enzyme conjugates, the photometric determination of
the enzyme activity by absorption is related to the
analyte concentration viz a dose-response curve, such as
that represented in Fig. 2. Calibration curves are con-
structed with standard antigen contents and have a sig-
moidal shape with a linear portion — usually the format
working range, which gives the first indication of the
sensitivity of the test. On the y-axis, the variation of the
absorbance (A) with the concentration of the target-com-
pound (on the x-axis) is shown. In some cases, the ab-
sorbance values can be normalized between 100%,
which correspond% to the absorption of a zero control
(Ag), and 0%, which corresponds to the absorbance of a
standard excess (Ag). The transformation is perfor-
med according to the (B/By)/% values, calculated as fol-
lows:

(B/B) /% = 100 (A=A, [/ (Ay] A

where A is the absorbance of the sample or stan-
dard. The standard curves, obtained by reporting A or
(B/By)/% as a function of the logarithm of the analyte
concentration, are convenient to work with, because the
raw data can easily be reported on a graph, especially
when a standard spectrophotometer is used.

Other immunochemical techniques and approaches. Less
commonly used IA methods involve the use of fluore-
scence immunoassay (FIA), radioimmunoassay (RIA),
chemiluminescence immunoassays, bioluminescent im-
munoassays, immunoaffinity chromatography (IAC),
and flow-injection immunoassays (FIIA). FIA combines
the specificity of antibodies with the sensitivity of fluori-
metric assays by using antibodies coupled to a fluore-
scent chromophore. The first application to pesticides
was developed by Colbert and Coxon (26) for the deter-
mination of paraquat in serum samples. FIAs have been
developed in both competitive and non-competitive for-
mats, and recently optimized for the rapid detection of
2,4-di and 2,4,5-trichlorophenoxyacetic acids (2,4-D and
2,4,5-T) and of simazine and atrazine (27). Despite their
simplicity, precision and possible automation, the use of
FIA is still limited by the tendency of natural organic
compounds to interfere with the signal detection. Che-
miluminescent labels such as luminol can be used as tra-
cers and in many cases, this type of assay is as sensitive
as radioimmunoassay. Their use, however, is restricted,
because there are no efficient detectors and due to the
tendency of samples components to cause errors in the
signal detection. Bioluminescence 1As are comparable in
sensitivity to RIA and are based in the covalent bound
between antigens and luciferase, as show in the follow-
ing equation:

luciferin + ATP + O, —*£=_, oxyluciferin +

AMP + PPi + CO, + light
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IAC is a separation method based on the specific
and reversible interactions between the antigen and the
antibody. In IAC an immunosorbent (IS) is prepared by
covalently immobilized antibody on the surface of a
support. IS is then used for the selective extraction of a
single analyte or a group of analytes. IAC is especially
recommended for the isolation of polar ionic compo-
unds (26,28). On-site, automated FIIA monitors are a
low cost option for obtaining continuous and quantitati-
ve data on dissolved aquatic chemical parameters (29).
Many recently reviewed papers (30) have been devoted
to the automation of immunoassays through the use of
continuous-flow systems. Attempts have been made in
the development of immunosensors, that today repre-
sent an active area of study and begin to move from the
laboratory stage to field testing and commercialization
(31). Thus, multianalyte assays for the environmental
applications are emerging as new technologies in 1A
field.

Immunochemical methods for pesticide analysis

The potential of immunochemical techniques for pe-
sticide residue analysis in various matrices such as soil,
water, fruits, plants and biological fluids has been reco-
gnized (32-34). Since the first work with IA deve-
lopment was published for the measurement of insuline
in blood (35), uncountable IA methods for screening,
monitoring and regulatory analyses in the laboratory
and field are being developed for residue pesticide con-
trol, and numerous commercial kits became available for
particular single and multiresidue analyses (36). The
sensitivity of IAs is in the range of ng/mL, and the
analyses have been carried out in varous formats, such
as ELISA and magnetic particles enzyme immunoassay.
Accordingly, we have found in literature several cou-
pling of IAs not only with classical extraction and
clean-up procedures, but also with modern techniques
such as microbore HPLC, GC/MS and supercritical fluid
extraction (SFE) (37,38). Developmental work has focu-
sed mostly on pesticides used in crop agriculture, and a
selection of field-portable and laboratory kits are com-
mercially available. Moreover, 1As have been extensively
used in water-quality surveys of surface and ground
water and in studies of the fate and transport of pestici-

des in rivers, reservoirs, and the atmosphere (39—41). In
1994 the EPA issued a Guide to Environmental [mmunoche-
mical Analysis with the aim of helping the users with in-
formation on the new immunotechniques and kits for
pesticide analysis (42). Table 1 presents EPA recom-
mended methods used for determination of some envi-
ronmental contaminants. ISO/CD No. 15 089 (43) sup-
plies guidelines for selective immunoassays for the de-
termination of plant treatment and pesticide agents. The
principal goal of this EPA document is the assurance of
the drinking, ground and surface water quality through
standardized analytical procedures for pesticide deter-
mination (including their metabolites) using IA techni-
ques.

IAs for pesticide analysis in environmental samples

Numerous works applying immunotechniques for
detection of pesticides in environmental samples, such
as water, soil and air, have been developed in the last
years, and several kits have been used for this purpose.
Table 2 lists some of the most commonly used types of
commercial kits for pesticide analysis.

Several IA methods showed good correlation with
the results obtained using conventional chromatograph-

Table 1. EPA immunoassay methods useful for the separation,
detection and quantitation of organic contaminants in diverse
environmental and waste matrices

Method

number Immunoassay

4010A  Screening for pentachlorophenol

4015 Screening for 2,4-D-dichlorophenoxyacetic acid
(2,4-D)

4020 Screening for polychlorinated biphenyls

4030 Soil screening for petroleum hydrocarbons

4035 Soil screening for polynuclear aromatic hydrocar-
bons (PAHs)

4040 Soil screening for toxaphene

4041 Soil screening for chlordane

4042 Soil screening for DDT

4050 TNT explosives in water and soils

4051 Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in soil
and water

Table 2. Some of the most commonly used commercial kits for pesticide determination and its manifacturers

Idetek Millipore Ohmicron

Analyte Quantix Envirogard Envirogard Envirogard RaPID Assay [nQuest
Tube Cuantitube Plate

Aldicarb X X X X
Atrazine X X
Carbofuran X X
Chlorothalonil X
24-D X X X
Diazinon X X
Fenitrothion X X
Metolachlor X
Paraquat X
Pentachlorophenol x
Triazines X X X
Urea herbicides X
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Absorbance

Concentation / (ug/ L)

Fig. 2. Typical sigmoidal dose reponse of an immunoassay.
Usual analytical parameters are detached, and defined as: LDD
- limit of detection at least detectable dose; LOQ - lower and
upper limit of quantification; IC5 - inhibition concentration at
50%. Ag and A,y are the absorbances of the zero control and
of the standard excess solution. The [A sensitivity is often cha-
racterized by the LDD value that can be defined as the dose
which inhibits 10% of the binding of the antibody with the
enzyme tracer at 90% B/By (From. ref. 14).

ic methods, and no matrix interferences on the assay
performance were observed. Bushway et al. (44) descri-
bed an IA for determination of atrazine in water and
soil samples by commercial test tubes method. The re-
sults showed a linear relationship from 0.5 to 1.0 ng mL.
The TA and HPLC methods showed good reproducibili-
ty with percent coefficients of variation (CV) ranging
from 23.3 to 4.1. In spite of the fact that these results
were obtained from different water and soil sources
samples that varied greatly in type and quality, no signi-
ficant matrix effects were observed. Comparing the effi-
ciency of the ELISA with methods such as GC and
HPLC for determination of atrazine human exposure in
the field Reed et al. (45) concluded that ELISA method
was adaptable to field use with excellent sensibility, due
to the elimination of clean-up steps and rapid detection
of potential exposure hazards. Thurman and co-workers
(46) examined the accuracy, precision and cross-reacti-
vity of the triazine herbicides determination by compa-
ring the results obtained by ELISA and GC/MS. The co-
rrelation between these methods was 0.99 for spiked
distilled water containing a mixture of herbicides. ELISA
was checked also for interference by naturally occurring
humic and fulvic acids, and no difference between the
immunoassay response was noted. These results suggest
that dissolved organic matter in natural water does not
affect the ELISA analysis. Similar results were found by
Ulrich et al. (47) applying a developed sandwich-immu-
noassay for triazine residues linked to soil humic sub-
stances. A good correlation between GC and ELISA was
observed by other authors (48,49) in the detection of
atrazine, 2,4-D and aldicarb sulphone in water samples.
The ELISA results were slightly higher than those obtai-
ned by chromatography.

Many applications of IAs to complex matrices are li-
mited to screening of samples due to the potential bias

of analysis toward false-positives results or overestima-
tion of the analyte concentration. Some 1A performances
may be affected significantly by matrix components that
interfere with the assay detection system and the anti-
body-antigen interactions. In order to detect alachlor in
water samples, Feng et al. (50) developed an inhibition
ELISA method, and in order to test the 1A 208 water
samples from rivers and water treatment plants were
analyzed. The results showed that ELISA was generally
less accurate and less precise than traditional GC/MS
method. The authors suggested that since ELISA was
conducted without any pre-treatment, the assay was
more susceptible to sample matrix effect, and they con-
cluded that the most effective use of this ELISA would
be as primary screenning of alachlor in water showing a
detection range from 0.2 to 8.0 ppb.

The kind of antibody can highly influence the IA
performance by defining its specificity to certain compo-
und on other structurally similar compounds. Monito-
ring atrazine residue in soil samples by ELISA, using
specific monoclonal antibodies (Mabs), Schalaeppi et al.
(51) observed no interferences in the assay and obtained
a good correlation between [A and GC and HPLC analy-
sis. The anfi-atrazine Mabs cross-reacted with propazine
and, to a much lower extent, with a few other s-trazines
and hidroxy-s-triazines. On the other hand, interferences
during UV monitoring of hydroxyatrazine by LC was
observed. Goh and collaborators (52,53) adapted a pre-
viously developed monoclonal antibody-based ELISA to
analyse simazine in Californian soils and studied the in-
fluence of the extraction procedure on the IA. They re-
ported the non-specificity of the ELISAs for the s-triazi-
ne herbicide family. In 1993 Goh and his group (54)
used a competitive inhibition IA to atrazine and simazi-
ne residue analysis in soils according to ELISA format
proposed by Schneider and Hammock (55). A competiti-
ve ELISA for the quantitation of cyanazine in water and
soil was developed by Lawruk et al. (56) using a novel
magnetic particles solid phase. Cyanazine was cova-
lently attached to a bovine serum albumin (BSA) carrier,
and the resulting herbicide-protein conjugate was used
in rabbits to produce polyclonal antibodies specific for
cyanazine. The limit of detection was 0.035 ng/mL in
water and 3.5 ng/mL in soil.

Gascon ef al. (57,58) have noticed the influence of
the matrix in ELISA kit performance for atrazine, total
chlorotriazines and alachlor, especially in the case of the
estuarine water from Ebro delta (Tarragona, Spain).
They found a good correlation between ELISA and GC-
-MS, but the cross-reactivity values for estuarine water
were lower than for distilled water, probably due to the
presence of the dissolved humic substances. The same
effect was observed by Dankwardt and co-workers (59)
during the determination of non-extractable atrazine re-
sidues in the soil samples. The presence of soil humic
substances produced a decrease in the absorbance va-
lues mainly at low atrazine concentrations. Addition of
bovine serum albumin (1%) to the enzyme tracer elimi-
nated the non-specific reactions observed in this assay.
Toscano et al. (60) observed a strong influence of the pH
and concentrations of humic substances on the ELISA
for atrazine in water samples. This effect was evident at
low atrazine concentration and low pH values, leading



250 ILDA ANTOINETA TOSCANO et al.: Immunoassay for Pesticide Analysis, Food technol. biotechnol 36 (3) 245-255 (1998)

f 1hg = Atrazine
§ an=4
-(é: 80 YpH:Q
a
s 604
o
s
T 404
£
2
20 4
0 Ty

10° 102 100 100 10! 10?2
Concentration of atrazine / nM

Fig. 3. Effect of the pH on the performance of the atrazine de-
termination by ELISA. (a) Atrazine in phosphate buffer-Tween
(pH = 7.0); (b) natural pH of the tropical water sample (40 mg
L of dissolved organic matter); (c) adjusted pH with NaOH
solution. (From ref. 60).

to an overestimation of the analyte concentration, as
shown in Fig. 3.

Frequently, antibodies can cross-react with compo-
unds that present similar structures as the target analy-
te, producing false-positive results or overestimation of
concentrations compared with the results obtained by
conventional methods. Thus, various IAs have been eva-
luated for cross-reactivities since a single analyte is not
expected in a real environmental situation. Sometimes,
the cross-reactivity can be advantageous and can be
used as a screening tool for a class of related compo-
unds. For example, a commercial ELISA applied by Aga
et al. (61) for alachlor determination uses antibodies
which cross-react with the ethane sulfonic acid (ESA), a
major degradation product of alachlor. Alachlor and
ESA were separated by sequential elution using solid
phase extraction and were quantitatively measured by
ELISA, showing a detection limit of 0.01 ppb for ala-
chlor and 0.05 ppb for ESA with a precision of +10%. An
urinary study of occupational alachlor contamination in
commercial applicators was reported by Biagini and col-
laborators (62). For this, a commercially available 1A kit
was used and the obtained results were statistically dif-
ferent from those obtained with HPLC. The deviation
was attributed to the matrix effect.

The development of new antibodies and technolo-
gies may allow identification and quantification of
cross-reacting analytes and solution of the problem of
overestimation due to cross-reactivity (63). Abad and
Montoya (64) have produced monoclonal antibodies for
carbaryl from a hapten preserving the carbamate group
characteristic of N-methyl-carbamate (NMC) pesticides.
The conjugate showed a high affinity for carbaryl (ICs, =
3.6 nM) and minimum cross-reactivities for several
NMCs and 1-naphthol, the main carbaryl metabolite.
Krdmer and co-workers (65) developed a highly selecti-
ve ELISA for 1-naphthol. They have not observed cross-
reactivity with carbaryl and tested the assay for residue
determination of the degradation product in undiluted
human urine and in soil extract. The assay was also te-
sted the presence of organic solvents and showed a

tolerance of at least 10% solvent (acetone, acetonitrile,
methanol). As noticed in several works, not only cross-
reacting compounds interfere in the IAs performance,
but also organic solvents from the extraction procedures
affect the assays by disrupting the antibody-antigen in-
teractions. This effect was observed by Muldoon et al.
(66) when they applied an ELISA method to analyze pe-
sticides from materials generated during agricultural
operations. Pesticide waste and rinsate samples were di-
luted 1:2 in acetonitrile and were analyzed by HPLC.
The acetonitrile-diluted samples were further diluted in
PBST and analyzed by ELISA. Total s-triazine content
estimated by ELISA was highly correlated with HPLC
results resulting in a slope of 0.83. Absence of interferen-
ces was probably due to a minimum 100-fold dilution
required for these sample type which contain high con-
centrations of the analyte. This was effective in diluting
out any potential sample matrix interference if present.
Bushway et al. (67) employed commercially available
competitive inhibition enzyme IA kits to study the de-
gradation of benomyl to carbendazime in soil samples.
Different detection limits varying from 1 to 3 ng/mL for
tube IA, plate IA and HPLC analysis were achieved.

An improved IA method using specific rabbit
polyclonal antibodies was developed by Del Valle and
co-workers (68) to analyze chlodiamino-s-triazine in en-
vironmental samples. The assay was more sensitive and
specific than previously reported mouse polyclonal anti-
body-based ELISAs (69-71). Rabbit antibodies have been
considered to be generally of higher affinity than mouse
antibodies (72,73). Two sensitive tests were developed
by Hill et al. (74) for monitoring the environmental dissi-
pation of chlorpyrifos, using a high-affinity polyclonal
antibody immobilized onto microwells and polystyrene
tubes. The assays were sufficiently sensitive for direct
analysis of the pesticide in irrigation drainage water
samples, after addition of phosphate buffer to the samp-
le to slow its hydrolysis.

The classical analyses of molinate involve extraction
with toluene or dichloromethane-ether. With solvent ex-
change Gee et al. (75) obtained acceptable results using
ELISA for thiocarbamate herbicides. They also observed
that the matrix effect decreased when the water samples
were buffered by the addition of 10 times concentrated
PBS-Tween. The within-run and between-run variability
was less than 10% and the limit of detectability was 3
ppb. Also Xiao et al. (76) tested various polar and wa-
ter-miscible solvents to extract molinate. They observed
that at volume fractions higher than 10% of acetonitri-
le-propylene glycol (1:1) or higher than 5% of methanol
in ELISA buffer the standard curves were significantly
different from buffer alone. A strong evidence for a ma-
trix-derived interference was noticed by authors. Goh et
al. (77) used a commercial EIA kit to quantify atrazine
residues in soil, to compare the extraction efficiency of
four solvents, and to compare the results obtained with
GC analysis. Methanol (>10%) and acetonitrile {>4%) le-
vels in the final dilution interfered with the EIA system.
In addition this kit was only suitable for a single known
triazine due to cross-reactivity for some of the metaboli-
tes of atrazine.

Linde et al. (78) carried out a regulatory application
of an ELISA for monitoring bromacil herbicide residues
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in soil. Good reproducibility and exact results were ob-
tained, and the modified method agreed well with the
HPLC analysis.

IAs for pesticide analysis in crop and food samples

Although in the last years ELISA methods for deter-
mination of pesticides have been appearing increasingly,
there is still a lack of IAs for pesticide residue quantita-
tion in food and crop samples. Since the end of the '80s,
several publications have emerged with the goal of focu-
sing on this theme. The increased regulation of food-
stuffs in modern society requires analytical methods
which are easy to perform, sensitive, specific and relati-
vely inexpensive. 1As techniques can provide comple-
mentary and/or alternate approaches in reducing the
use of costly, sophisticated equipment and analysis time,
but still maintaining reliability and improving sensiti-
vity.

The utility and applicability of an analytical method
depends in great part on the absence of matrix interfe-
rences. In this regard, ELISA is not different from the ot-
her detection techniques, because this question must be
addressed by running appropriate blanks and controls.
In 1987, Newsome and Collins (79) developed IAs for
determination of benomyl and thiabendazole in 3 crops,
but low sensibilities, with limits of quantification (LOQ)
about 0.35 ppm for benomyl and 0.3 ppm for thiaben-
dazole, were obtained. No control was carried out to im-
prove the pesticide detectabilities and the low sensibili-
ties were attributed to the matrix effect. Van Emon and
co-workers (80) applied an ELISA method to determine
paraquat residues in milk, beef and potatoes. In order to
assess the reagents and matrix interferences, the reactio-
nary medium was slightly acidified and a limit of detec-
tion (LOD) of 1.4 ppb was achieved.

Although the application of IA techniques has con-
tributed tremendously to the quality control and safety
of food supply, specially because, in their most simple
forms, these techniques provide excellent screening tools
to detect adulteration and contaminations qualitatively.
Cochrane (81) evaluated a number of 1A diagnostic kits
to determine their usefulness in a regulatory analytical
laboratory environmental in the food, feed and pesticide
areas. Four rapid enzyme immunoassays were tested
and some modification in the analytical protocols were
incorporated in order to reduce the matrix effects.
Bushway ef al. (82) developed a polyclonal enzyme im-
munoassay method to determine atrazine in processed
milk including skim, low-fat, whole, chocolate, evapora-
ted and non-fat dry milk. Atrazine concentration was li-
near from 0.2 to 6.4 ng/mL and cross-reactivity was
such that the method was used to determine other tria-
zine pesticides in milk samples.

Many risk assessment models project risk based on
an assumption of the presence of the pesticide residues
at these tolerance levels or at a level equivalent to the li-
mit of analytical detectability. This fact has already been
under discussion, and data which demonstrate the ab-
sence of detectable levels of pesticides in infant formula
have been presented (38). In this respect, it is evident
that the effect matrices is one of the numerous factors
which have made it difficult to obtain the sensibility of

the most conventional analytical methods. In fact, 1As
compete with the other analytical techniques due to
their selectivity. Indubitably, the development and appli-
cation of specific antibodies in IAs is the key to further
increase of the sensibility.

The prior sample preparation is still a critical point
for pesticide residue analysis by IA methods. As for
chromatographic techniques, extraction of more polar
compounds is usually more complicated. A competitive
ELISA was developed by Bushway et al. (83) for quanti-
tation of methyl 2-benzimidazolecarbamate in fruit jui-
ces. They minimised the matrix effects by diluting the
samples before immunoanalysis. In most ELISA investi-
gations, the initial, more expensive and time-consuming
experimental part is precisely the solvent extraction be-
fore the assay. Rapid methods for water or acetonitrile
extraction were evaluated by Lehotay and Argauer (84)
to screen for the presence of carbofuran and aldicarb
sulfone in meat and liver or near their regulatory tole-
rance levels using a commercial ELISA kit for analysis.
The final extract must be diluted in order to eliminate
the solvent effect that in some cases can be more expres-
sive than the natural compound effects. In some cases
by simple pre-dilution of the sample, if it is in the liquid
form, the matrix effect can be avoided. Nunes ef al. (85)
have minimized the matrix and organic solvent effects
in the ELISA for carbaryl by diluting the methanolic ex-
tracts in the assay buffer. In Fig. 4. a comparison of the
calibration curves of some diluted and non-diluted ex-
tracts is shown. In most cases a factor of dilution of 1:20
was sufficient to eliminate undesired effects without loo-
sing the method sensibility.

In general, ELISA methods for pesticide analysis in
complex matrices are still accompanied by sample pre-
-treatments in order to eliminate the interferences and to
minimise the cross-reactivities. But in some cases the
method recoveries are lower when compared with parti-
cular methods which do not employ previous sample
treatment. If either cross-reactivities matrix interferences
are not observed, the application of the IA directly in the
untreated sample is still preferable. In addition, the final
methodology could be considerably simplified. Fruit jui-
ces without prior clean-up were analysed by Itak ef al.
(86) for the determination of benomyl (as carbendazim)
and carbendazim pesticides. The estimated sensitivity of
the method was 30 ppb based on the dilution factor and
sensitivity estimates in water. Bushway (87) quantified
the fungicide thiabendazole in fruit juices and their con-
centrates (bulk and store bought) without clean-up by
simply injecting 50 microliters of dissolved sample into
an HPLC. The same extracts were shown to be thiaben-
dazole positive by an ELISA method.

Pre-treatment procedures in food and crop samples
still limiting the use of ELISA as a screening method for
pesticide analysis, as was observed by Bushway et al.
(88). They optimised a complete sample preparation
procedure for determination of MBC in blueberries by a
competitive enzyme [A. The sample treatment consisted
of a previous solvent extraction, liquid-liquid partition
and a clean-up step before analysis. Lehotay and Miller
(89) evaluated three commercial IA kits of different ma-
nufacturers for detection of alachlor in cow milk, and
one of them was chosen for assay of chicken eggs and li-
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Fig. 4. Effect of the extract dilution on the ELISA for determina-
tion of the carbary insecticide in vegetable and crop samples.
Standard curves obtained by dissolving the methanolic vege-
table extracts in phosphate buffer-Tween (pH=7.0). (From ref.
85).

vers. Brandon et al. (90) prepared a monoclonal antibody
and used aqueous extraction. The sulfoxide and sulfone
metabolites of albendazole were readily extractable and
quantificable by the method, and multiple benzimidazo-
le drug and pesticide residues were detected and quan-
tified at concentrations levels between 1 and 8 ppb.

Since the '80s various types of IAs developed for the
use in cereal analysis. Detection and determination of
numerous meat species, non-meat proteins, microorga-
nisms and bacterial toxins, pesticides, mycotoxins and
other contaminants in meat and meat products by the
means of IA kits were carried out. Skerritt et al. (91) de-
veloped an IA method for quantification of three orga-

nophosphate pesticides in wheat grain and flour-milling
fractions. They noticed the effect of solvent present in
the final extracts on the ELISA performance. Baumann
and Hart-De Kleijn (92) determined quinmerac in some
cereals at concentrations below the established tolerance.
Permethrin and phenotrin were determined in stored
grain products by ELISA, using three different assay for-
mats (93). In order to reduce the solvent interferences
and matrix effects the authors evaluated different extrac-
tion methods and discussed the effectiveness of clean-up
procedures on ground grain. Organophosphate, pyre-
troid, and methoprene residues in wheat and products
and milling fractions were quantified by 1As (94).

In contrast to the conventional chromatographic
techniques for pesticide analysis in foods, IAs have not
been extensively characterised yet. At the moment, a
few works have presented as principal objective the va-
lidation of the proposed ELISA by another already vali-
dated methodology. As for any analytical method, quali-
ty control and assessment of the stability of materials
and equipment are required. In addition, [A evaluation
involves defining working range, sensitivity, precision,
accuracy, linearity, specificity and matrix effects. Com-
plementary, analytical techniques for confirmation and
comparison of the sensitivities, selectivities and effi-
ciency, for validation of the IAs for food analysis have
been little by little used by few work groups (86,87,94,
95).

Conclusions and Perspectives

Immunoassay techniques provide a simple, power-
ful and inexpenssive screening method with enormous
potential which includes the generation of quantitative
data. The need for newer and cost-effective methods to
detect small quantities of pesticide, its metabolites and
its degradation products in the environmental samples
has been recognised. Therefore, in the last years nume-
rous immunoassays have been developed or improved
for monitoring pesticide residue in the environment. A
particular interesting application involves water quality
control with regard to pesticides, for which immunoas-
says have been developed, including commercially avai-
lable kits. In order to evaluate the ELISA performance,
various researchers have analysed different kinds of en-
vironmental samples. Some studies reported no matrix
interferences when the immunoassays were carried out
in samples that did not suffer any pre-treatment. On the
other hand, most of the assays presented negative ef-
fects in the direct measurements of the analyte in water
and soil samples. In general, these effects are due to the
presence of the extraction solvents, content of the dissol-
ved organic matter, pH, salts and metals. These effects
could be eliminated by employing sample clean-up pro-
cedures or by appropriate dilution of the extracts. In ad-
dition, it was reported that the different antibody-coat-
ing antigen combinations have also showed different
responses in the sensitivity of the immunoassays com-
monly used for pesticide determinations in complex ma-
trices.

As agricultural products and foods are very impor-
tant for human health, the maintenance of their quality
is essential. In this respect, several works that include
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the use of different [As have been developed for pestici-
de analysis in these kinds of matrices, but in general the
previous sample treatment employs the established ex-
traction/clean-up procedures used for the more conven-
tional detection methods. Usually, simple indirect ELISA
methods have been more extensively applied to deter-
mine pesticide residues in foodstuffs. Sometimes, a
simple dilution of the extracts in the buffer assay before
ELISA is appropriate to minimise the matrix interferen-
ces. Failure to adjust the buffer concentration and also
the final pH can result in complete inhibition of anti-
body in the assay. These methods have shown to have
potential for application in screening of large numbers
of foodstuffs.

Immunochemical methods are gaining acceptance
and confidence of the analytical chemists. They are com-
peting successfully with traditional analytical methods
because they are now evaluated by the same criteria ac-
cording to well-defined quality assurance plans. Howe-
ver, there are still several limitations to their use, that in-
clude the lack of accuracy and precision for some
analytes. This is the main reason why some of the met-
hods are quantitative and others are not. These limita-
tions are leading towards new discoveries, and new
enzyme-based analytical techniques for pesticide residue
monitoring in food and in environmental samples. Indu-
bitably, [A methods and biosensors will be further deve-
loped in the near future as simple, cheap and efficient
methods for monitoring of environmental contaminants.

Acknowledgements

I. A. Toscano and G. S. Nunes thank for the fellow-
ship obtained from Conselho Nacional de Desenvolvi-
mento Cientifico (CNPq-Brazilian Agency). This work
was also supported by the Commission of the European
Communities Environmental Programs, Contract num-
ber ENV4-CT97-0333.

References

1. H.J. Stan (Ed.): Chemistry of Plant Protection, Springer: Ber-
lin (1995) p. 22.

2. ]. Sherma, Anal. Chem. 67 (1995) 1R.

3. C. Fuerst, In: Cappilary Gas Chromatography in Food Control
Research, R. Wittkowski, R. Matissek (Eds.), Technomic:
Lancaster, PA (1993) pp. 207-238.

4. A. Agueera, M. Contreras, A. R. Fernandez-Alba, J. Chro-
matogr. 655 (1993) 293 B.

5. D. McGarvey, J. Chromatogr. 642 (1993) 89.

6. ]. Tekel, ]. Kovacicova, J. Chromatogr. 643 (1993) 291.

7. C. Sanchez-Brunete, L. Martinez, |. L. Tadeo, . Agric. Food
Chem. 42 (1994) 2210.

8. M. L. Hopper, B. McMahon, K. R. Griffitt, K. Cline, M. E.
Fleming-Jones, D. C. Kendall, J. Assoc. Off. Anal. Chem. 75
(1992) 707.

9. D. 5. Aga, Analusis Magazine, 25 (1997) M25.

10. D. Hawcroft, T. Hector, In: Quantitative Bioassay: Analytical
Chemistry by Open Learning, Arthur M. James (Ed.), John
Wiley & Sons, London, UK (1987) pp. 65-92.

11. B. B. Dzantiev, A. V. Zherdev, O. G. Romanenko, J. N. Tru-
baceva, In; Immunochemical Technology for Envirenmental
Applications, Vol. 657, D. Aga, E. M. Thurman (Eds.), ACS
Symposium Series, American Chemical Society, Washington,
DC (1997) pp. 87-96.

12. E. Benjamini, S. Leskowitz: Immunology: A Short Course,
2nd ed., Wiley-Liss, New York (1991).

13. D. Aga, E. M. Thurman, In: Immunochemical Technology for
Environmental Applications, Vol. 657, D. Aga, E. M. Thur-
man (Eds.), ACS Symposium Series, American Chemical So-
ciety, Washington, DC (1997) pp. 1-20.

14. D. Barcelé, M. C. Hennion: Analysis of Pesticides and their
Degradation Products in Water, Elsevier, Amsterdam (1997)
{in press).

15. E. P. Meulenberg, W. H. Mulder, P. G. Stoks, Environ. Sci.
Technol. 29 (1995) 553.

16. S. Avrameas, [. Inununol, Methods, 150 (1992) 23.

17. P. S. Hage, Anal. Chem. 65 (1993) 420R.

18. B. Hock, T. Giersch, K. Kramer, Analusis, 20 (1992) 29.

19. M.-P. Marco, S. ]. Gee, B. D. Hammock, Trends Anal. Chen.
14 (1995) 341.

20. B. M. Kaufman, M. Clower, J. Assoc. Off. Anal. Chem. 74
(1991) 239.

21. R. Niessner, Anal. Metheds Instrum. 1 (1993) 134,

22, ]. M. Van Emon, In: Immunoassays for Trace Chemical Analy-
sis, M. Vanderlaan, L. H. Stanker, B. E. Watkins, . W. Ro-
berts (Eds.), American Chemical Society, Washington, DC
(1991) p. 58.

23. C. D. Ercegovich, In: Analysis of Pesticide Residues: Innmuno-
logical Techniques, ]. O. Nelson, A. E. Karu, R. B. Wong
(Eds.), American Chemical Society, Washington, DC (1991)
p. 162

24. B. D. Hammock, S. ]. Gee, In: Immunoanalysis of Agrochemi-
cals, Emerging Technologies, ]. Q. Nelson, A. E. Karu and R.
B. Wong (Eds.}, American Chemical Society, Washington,
DC (1995) p. 2.

25. R. Rubach, In: Analysis of Pesticides in Ground and Surface
Water, H. ]. Stan, (Ed.), Springer-Verlag, Berlin (1995) p.
185.

26. D. L. Colbert, R. E. Coxon, Clin. Chent. 34 (1988) 1948.

27. 5. E. Eremin, In: Immunoanalysis of Agrochemicals, Emerging
Technologies, ]J. O. Nelson, A. E. Karu, R. B. Wong (Eds.),
American Chemical Society, Washington, DC (1995) p. 223.

28. G. S. Rule, A. V. Mordehal, ]. Henion, Anal. Chem. 66
(1994) 230.

29. K. N. Andrew, N. J. Blundell, D. Price, P. ]. Worsfold, Anal.
Chem. 66 (1994) 917A.

30. J. Emmeus, G. Marko-Varga, J. Chromatogr. A 703 (1995)
191.

31. D. Barcelo, A. P. F. Turner (Eds): Biosensors for Environmen-
tal Monitoring, 4th European Workshop, Technologies for
Environmental Protection (1996) Report No. 14

32. M. C. Hayes, S. W. Jourdan, D. P Herzog, . Assoc. Off.
Anal. Chem. Int. 79 (1996) 529.

33. F. Szurdoki, L. Jaeger, A. Harris, . Wengatz, M. H. Goo-
drow, A. Szekacs, M. Wortberg, ]. Zheng, D. W. Stoutamire,
J. R. Sanborn, S. D. Gilman, A. D. Jones, S. ]. Gee, . V.
Choudary, B. D. Hammock, |. Environ. Sci. Health, B 31
(1996) 451.

34. A. Schmitt, V. Hingst, L. Erdinger, W. Helmbold, . C.
Sonntag, Zentralbl. Hyg. Umweltmed. 193 (1992) 272.

35. R. S. Yalow, 5. A. Berson, [. Clin. Invest. 39 (1960) 1157.

36. U. Samarajeewa, C. Wei, T, 5. Huang, M. R. Marshall, Crit.
Ver. 29 (1991) 403.

37. Y. W. Wigfield, Ralph Grant, Bull. Environ. Contam. Toxicol.
49 (1992) 342.

38. R. C. Gelardi, M. K. Mountford, Regul. Toxicol. Pharmacol.
17 (1993) 181.

3%, G. W. Aherne, Sci. Total Environ. 145 (1993) 73.

40. A. Qubina, ]. Gascon, D. Barcels, Environ. Sci. Technol. 30
(1996} 513.



254

ILDA ANTOINETA TOSCANO et al.: Immunoassay for Pesticide Analysis, Food technol. biotechnol 36 (3) 245-255 (1998)

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62,

63.

64.
65.

66.

67.

B. D. Hammaock, R. Mumma, In: Recent Advances in Pestici-
de Analysis, ]. R. Harvey, G. Zweigh (Eds.), American Che-
mical Society, Washington, DC (1980) p. 321.

S. J. Gee, B. D. Hammock, J. M. Van Emon, EPA/540/R-94/
509, A User's Guide to Environmental Immunochemical Analy-
sis (1994).

ISO/CD 15089, Water Quality: Guideline for Selective Immu-
noassays for the Determination of Plant Treatment and Pestici-
de Agents, 1SO/TC/47/5c. 2, No. 352 (1997} p. 13.

R. J. Bushway, B. Perkins, 5. A. Savage, S. ]. Lekousi, B. 5.
Ferguson, Bull. Environ. Contam. Toxicol. 40 {1988) 647.

P. Reed, F. R. Hall, H. R. Krueger, Bull. Environ. Contam.
Toxicol. 44 (1990) 8.

E. M. Thurman, M. Meyer, M. Pomes, C. A. Perry, A. P.
Schwab, Anal. Chem. 62 (1990) 2043.

P. Ulrich, M. G. Weller, R. Niessner, Fresen. . Anal. Chem.
354 (1996) 352.

S. Rodolico, R. Giovinazzo, M. Mosconi, Bull. Environ.
Contam. Toxicol. 58 (1997) 644.

J. Gascén, ]. S. Salau, A. Oubifa, D. Barcels, In: Immuno-
chemical Technology for Environmental Applications, Vol. 657,
D. S. Aga, E. M. Thurman (Eds.), ACS Symposium Series,
American Chemical Society, Washington, DC (1997) p. 245.
P. C. C. Feng, S. ]. Wratten, S. R. Horton, C. R, Sharp, E. W.
Logusch, J. Agric. Food Chem. 38 (1990) 159.

J.-M. Schalaeppi, W. F. Fory, K. Ramsteirner, J. Agric. Food
Chem. 37 (1989) 1532.

K. S. Goh, F. Spurlock, A. D. Lucas, W. Kollman, S. Schoe-
nig, A. L. Braun, P. Stoddard, J. W. Biggar, A. E. Karu, B.
D. Hammock, Bull. Environ. Contam. Toxicol. 49 (1992) 348,
K. 8. Goh, S. J. Rickman, J. Troaino, C. L. Garretson, J. Her-
nandez, J. Hsu, J. White, T. A. Barry, M. Ray, D. Tran, M.
K. Miller, Bull. Environ. Contam. Toxicol. 48 (1992) 554.

K. S. Goh, D. J. Weaver, ]. Hsu, S. J. Rickman, D. Tran, T.
A. Barry, Bull. Environ. Contam. Toxicol. 51 (1993) 333.

P. Schneider, B. D. Hammock, |. Agric. Food Chem. 40
(1992) 525.

T. S. Lawruk, C. E. Lackman, S. W. Jourdan, J. R. Fleeker,
D. P. Herzog, F. M. Rubio, |. Agric. Food. Chem. 41 (1993)
747.

]. Gascon, E. Martinez, D. Barcelo, Anal. Chim. Acta, 311
(1995) 357.

]. Gascon, G. Durand, D. Barcelo, Environ. Sci. Technol, 29
(1995) 1551.

A. Dankwardt, B. Hock, R. Simon, D. Freitag, A. Kettrup,
Environ. Sci. Technol. 30 (1996) 3493.

I. Toscano, J. Gascdén, M.-P. Marco, D. Barceld, ]. C. Rocha,
Analusis (1997) (in press).

D. S. Aga, E. M. Thurman, M. L. Pomes, Anal. Chem. 66
(1994) 1495.

R. E. Biagini, W. Tolos, W. T. 5anderson, G. M. Hnningsen,
B. Mackenzie, Bull. Environ. Contam. Toxicol. 54 {1995) 245.
A. E. Karu, K. B. G. Scholthof, G. Zhang, C. W. Bell, Food
Agric. Immunol, 6 (1994) 277.

A. Abad, A. Montoya, J. Agric. Food Chem. 42 (1994) 1818.
P. M. Kridmer, M.-P. Marco, B. D. Hammock, J. Agric. Food
Chem. 42 (1994) 934.

M. T. Muldoon, G. F. Fries, O. Nelson, J. Agric. Food Chem.
41 (1993) 322.

R. J. Bushway, T. 5. Fan, B. E. S. Young, L. R. Paradis, L. B.
Perkins, M. T. Muldoon, G. F. Fries, O. Nelson, ]. Agric.
Food Chem. 42 (1994) 1138.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

P. L. Del Valle, M. T. Muldoon, . S. Karns, ]. O. Nelson, W.
W. Mulbry, J. Agric. Food Chem. 44 (1996) 945.

C. Wittmann, B. Hock, J. Agric. Food Chem. 39 (1991) 1194.
A. D. Lucas, M. H. Goodrow, ]J. N. Seiber, B. D. Hammuock,
Food Agric. Immunol. 7 (1995) 227.

N. T. Muldoon, J. O. Nelson, Food Agric. immunal. 6 (1994)
357.

P. Y. K. Cheung, S. J. Gee, B. D. Hammuock, In: The Impact
of Chemistry Biotechnology: Multidisciplinary Discussions, M.
P. Phillips, S. P. Shoemaker, R. D. Middlekauff, R. M. Ot-
tenbrite (Eds.), ACS Symposium Series 362, American Che-
mical Society, Washington, DC (1988) pp. 217-229,

M.-P. Marco, S. ]. Gee, H. M. Cheng, Z. Y. Liang, B. D.
Hammock, J. Agric. Food Chem. 41 (1993) 423.

A. S, Hill, J. H. Skerritt, R. ]. Bushway, W. Pask, K. A. Lar-
kin, M. Thomas, W. Korth, K. Bowmer, |. Agric. Food Chem.
42 (1994) 2051.

S. J. Gee, T. Miyamoto, M. H. Goodrow, D. Buster, B. D.
Hammock, . Agric. Food Chem. 36 (1988) 863.

L. Q. Xiao, S. ]. Gee, M. M. McChesney, B. D. Hammuock, J.
N. Seiber, Anal. Chem. 61 (1989) 819.

K. 8. Goh, J. Hernadez, S. ]. Powell, C. Garretson, ]. Troia-
no, M. Ray, C. D. Green, Bull. Environ. Contam. Toxicol. 46
(1991} 30.

C. D. Linde, S. ]. Gee, K. 5. Goh, J. C. Hsu, B. D. Ham-
mock, T. A. Barry, D. J. Weaver, Bull. Environ. Contam. Toxi-
col. 57 (1996) 264.

W. H. Newsome, P. G. Collins, |. Assoc. Off. Anal. Chem. 70
(1987) 1025.

J. Van Emon, J. Seiber, B. Hammock, Bull. Environ. Contam,
Toxicol. 39 (1987) 490.

W. P. Cochrane, Testing of Food and Agricultural Products by
Immunoassay: Recent Advances, ACS Symposium Series,
American Chemical Society, Washington, DC (1991) pp.
40-48.

R. J. Bushway, L. B. Perkins, H. L. Hurst, Food Chem. 43
(1992) 283.

R. ]J. Bushway, 5. A. Savage, B. 5. Ferguson, Feod. Chem. 35
(1990) 51.

J. Lehotay, R. J. Argauer, J. Agric. Food Chem. 41 (1993)
2006.

G. 5. Nunes, M. P. Marco, D. Barcelé, M. L. Ribeiro, |.
Chromatogr. (1997) (in press).

]. AL Itak, M. Y. Selisker, 5. W. Jourdan, ]. R. Fleeker, D. .
Herzog, J. Agric. Food. Chem. 41 (1993) 2329.

R. J. Bushway, |. Chromatogr. 754 (1996) 431.

R. J. Bushway, J. Kugababalasooriar, L. B. Perkins, R. O.
Harrison, B. E. S. Young, B. 5. Ferguson, |. Assoc. Off. Anal.
Chem. 75 (1992) 323.

S. ]. Lehotay, R. W. Miller, J. Environ. Sci. Health, 29 (1994)
395.

D. L. Brandon, R. G. Binder, A. H. Bates, W. C. Montgaue
Jr., J. Agric. Food Chem. 42 (1994) 1588.

J. H. Skerritt, A. S. Hill, H. L. Beasley, 5. L. Edward, D. P.
McAdam, J. Assoc. Off. Anal. Chem. 75 (1992) 519.

R. A. Baumann, V. M. Hart-De Kleijn, Meded.-Fac. Land-
-bouwkd. Toegepaste Biol. Wet. (Univ. Gent.) 17 (1993) 42, 46,
48, Chem. Abstr. 56 (1994) 9H182.

J. H. Skerrit, A. 5. Hill, D. . McAdam, L. H. Stanker, |.
Agric. Food Chem. 40 (1992) 1287.

J. H. Skerrit, S. L. Guihot, A. S. Hill, ]J. Demarchelier, P. ].
Gore, Cereal Chem. 73 (1996) 605.

J. A. Ttak, M. Y. Selisker, C. D. Root, D. I. Herzog, Bull. En-
viron. Contam. Toxicol. 57 (1996) 270.



ILDA ANTOINETA TOSCANO et al.: Immunoassay for Pesticide Analysis, Food fechnol. biotechnol. 36 (3) 245-255 (1998) 255

ImunoloSko odredivanje pesticida u okoliSu i u hrani

SaZetak

Posljednjih je godina porastao broj imunokemijskih postupaka i u mnogim je prikazima potvrdena njihova
pouzdanost u kontroli i provjeri ostataka zagadivaca u razlicitim uzorcima. Imunoloski postupci imaju velike
mogucnosti primjene u kontroli ostataka pesticida. ELISA je najintenzivnije istraZeni postupak, a nedavno su
usavrseni mnogi drugi pristupi kao sto su radioimunoloska odredivanja i imunoafinitetna kromatografija. U
usporedbi s klasicnim analitickim postupcima, imunoloski postupci omogucuju visokoosjetljiva te relativno brza i
Jeftina mjerenja. Ovaj pregled daje opce podatke o imunoloskim postupcima, usredotocujuci se na njihovu primje-
nu u analizi pesticida, te ukratko razmatra medudjelovanje ostataka otapala ili sastojaka matriksa na uspjesnost
imunoloskog odredivanja. Prikazani su mnogi imunokemijski postupci uobicajeni za odredivanje pesticida u raz-
ligitim uzorcima hrane, godiSnjeg uroda i uzoraka okolisa.





