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ABSTRACT

Much of the increase in agricultural productivity over the past half century has been due to the control of the pests

with synthetic pesticides. The use of these pesticides has caused environmental problems and public health concern.

The guidelines of maximum residue levels of pesticides in agricultural products has been well documented but more

careful monitoring of their residues is required. Pyrethorid class pesticides are dominant in modern agricultural

industry but public health concerns have been recently considered. The major route of pesticide exposure is the diet

and with improved surveillance of pyrethorid residues in agricultural products their exposure should be controlled

and minimized. In suitable products with reduced matrix effects such as agricultural products, aqueous samples,

fruits and vegetables the use of immunoassays for pyrethorid residue monitoring could satisfy this requirement.

Immunoassays have several advantages, namely they are highly sensitive, selective and cost-effective and enable

large-scale sample handling and analysis in the laboratory. 
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I. Introduction

It is well documented that pesticide exposure

has caused acute and/or chronic adverse health

effects.1-3) Concerns about pesticide exposure in

children have increased due to their small body

mass and rapid development of internal organs.4-6) 

A major route of exposure to pesticides and

other environmental contaminants is through diet.7-10)

According to The National Research Council

report entitled as ‘Pesticides in the Diets of Infants

and Children’,11) dietary intake is the major source

of pesticide exposure to infants and children.

Children have higher uptakes of organophosphates

and pyrethroids with diet than adults.12) To reduce

and/or avoid dietary pesticide exposures, the levels

of pesticide exposure based upon daily intake of a

given chemical should be maintained below

maximum residue levels (MRLs). It is an essential

step to monitor or screen pesticide residues in

agricultural products prior to reaching to consumer’s

table. There are several reasons for increased

demand for imported foods. A variety of staples

and more high-values food items have been traded

to satisfy consumers’ demand, and the global

market size has been growing around the world. If

proper monitoring systems of pesticide residues in

agricultural products have not been adopted, a

potential exposure to pesticides may be increased

followed by adverse health outcomes to be

expected. In this article, we endeavor to describe

the application of immunoassay monitoring to

detect pesticide residues in agricultural products,

in particular pyrethroid class pesticides, which are

widely used in modern agriculture. 

II. Pesticides and Agriculture

Much of the increase in agricultural productivity

over the past half century has been due to pest

control with synthetic pesticides. Estimates of the
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pest problem on a world scale suggest that without

insect pests, world food production would be

increased by about a third.13) In the 1940s and

1950s organochlorine compounds were the

dominant insecticides. The insecticidal activity of

dichlorodiphenyltrichloroethane (DDT) was dis-

covered in 1939 and it was manufactured from

1943 onward-becoming the most widely used

insecticide in the world.14) From about 1945

several other organochlorine insecticides such as

aldrin, dieldrin, heptachlor and endrin were

introduced. Organophosphorus insecticides were

introduced initially in the late 1940s and were

increasingly preferred to the organochlorines during

the 1960s. Carbamate insecticides were also

introduced at this time. As pyrethroids are extremely

toxic to insects but are low toxic to mammals,

they were used from the early 1970s. They are

widely used in modern agriculture. There has been

an increase in the use of herbicides in large-scale

agricultural production because of labor and fuel

costs to control weeds, and an emphasis on reduced

tillage for soil conservation. Herbicides now account

for 85% of all agrochemical use in the USA and

45% of world agrochemical use.15) In the 1950s a

wide variety of broad-spectrum herbicides was

introduced including the phenoxyacetic acids,

carbamates and bipyridylium herbicides. Later, in

the 1960s, compounds such as substituted phenylureas

and triazines became available. The release of new

compounds for testing in the field has now

reached several hundred per year, and among

these a number of herbicides with high potency

and selectivity have been found.16) 

The extensive use of crop protection chemicals

can result in a range of problems including the

development of resistance in pests, environmental

damage, and public health concerns such as cancer-

causing potential or toxic effects. Pesticides have

been also used on animal farms to control insects.

Therefore, there is widespread concern about the

presence of pesticide residues in foods and the

environment. Some pesticides are extremely resistant

to degradation resulting in residues in wildlife and

natural ecosystems. Rural and urban residents

could be exposed to agricultural pesticides either

directly during crop applications or indirectly in

air, foods, plants, soils or water.17)

III. Pyrethroid Class Pesticides

Synthetic pyrethroid class pesticides are the

most frequently used insecticides in modern

agriculture, forestry, horticulture, domestic, public

health and veterinary applications due to their

general high bioefficacy and low toxicity to birds

and mammals.18,19) In humans, pyrethroids are

hydrolyzed by hepatic microsomal enzyme, which

eliminates the pesticide and its metabolites almost

completely from the body in 2 to 4 days.20)

Cyfluthrin, cypermethrin, esfenvalerate, lambda-

cyhalothrin and permethrin are most popular

pyrethroids in the world market. Among these

permethrin is the most common pyrethroid used as

the active ingredient in personal care products,

such as shampoos and lotions for lice. Permethrin

consisted of cis- and trans- configuration. The cis-

isomer is more toxic than the trans-isomer which

is the more abundant isomer (60-75%) in the

commercial products.21,22) The lethal dose (LD) of

permethrin is variable because of different proportions

of the isomers in test materials. The acute oral

LD50 value for permethrin in mice is 540-2690 mg

kg−1.23) Permethrin appears to be highly toxic to

fish and bees.23) 

Pyrethroids have been detected as surface water

contaminants which impact adversely on an aquatic

ecosystems.24) According to toxicological studies,

non-target invertebrates and aquatic organisms are

extremely sensitive to the neurotoxic effects of

these insecticides.25-27) The studies investigating

the effects of the pyrethroids on human health

showed that adverse effects include suppression of

immune system after exposure,28) lymph node and

splenic damage and carcinogenesis29) and endocrine

disruption.30) Recent reports of chronic illness

have linked with low-level exposure to synthetic

pyrethroid insecticides.31) Pyrethroid residues in

foods and drinking water are a public health

concern because a major route of exposure to

pesticides is through the diet.8,32,33) Current analytical

methods for the detection of pyrethroids involve a

multistep sample cleanup procedure followed by

gas chromatography (GC) or high-performance

liquid chromatography-mass spectrometry (HPLC-

MS).33-36) These methods work well but are relatively

time-consuming, expensive, require skilled operators,
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and are not particularly suitable for large numbers

of samples. In addition, the amount of chemicals

and toxic solvents used are of environmental

concern. 

IV. Immunoassays to Monitor 
Pesticides in Agricultural Products

Several simple methods have been developed to

detect pesticide residues in agricultural products.

Of these, an immunoassay provides a sensitive,

selective, and rapid method for the detection of

these pesticides at trace levels in agricultural

products.37-39,41) Immunoassay has the ability to

handle large numbers of samples simultaneously,

sample workup is relatively simple, and there are

cost benefits secured from less sample preparation

and higher throughput. Commonly, pesticides could

be extracted from any dietary items with organic

solvents which may tolerate the antibodies’ action

in the immunoassay which decreased the sensitivity

of the immunoassay. In order to use the immunoassay

for pesticide screening in agricultural products, the

matrix effects caused by the interferences should

be considered and removed prior to a use of

immunoassay. A simple dilution of the extracts or

samples should minimize matrix effects without a

further cleanup or concentration step.38,40-42) This

method, however, sometimes decreases the assay

sensitivity and increases the limit of detection by

not adequately removing unwanted materials. To

compensate the disadvantage of a simple dilution

method, some assays have employed extraction

and cleanup of pesticides using Solid Phase

Extraction (SPE), liquid-liquid extraction (LLE)

or supercritical fluid extraction. Fig. 1 is represented

ELISA procedure for detection of pyrethroid

residues.

V. Application of Immunoassay for 
Measuring Pyrethroid Residues

Several studies applied immunoassays to the

quantitative detection of pyrethriod residues in

some agricultural products. An enzyme-linked

immunosorbent assay (ELISA) was used to detect

deltamethrin in milk.38) The LLE method was used

to determine deltamethrin in regular fat milk in

this study where a lower detection limit was 2.2

μg L−1. The ELISA method is capable of screening

milk samples for deltamethrin. Park et al.
39)

showed the ELISA was useful to screen for

cypermethrin and permethrin in wines with a

simple and direct dilution. A matrix effect in the

ELISA assay was minimized in diluted wines with

phosphate-buffered saline containing 40% methanol.

The cypermethrin concentrations that reduced

absorbance to 50% of the maximum concentration

(IC50) were 46.4 μg L−1 in 200-fold diluted red

wine and 36.8 μg L−1 in 10-fold diluted white

wine. The IC50 values of permethrin in 200-fold

diluted red and white wines were 2.9 and 2.6 μg

L−1, respectively. In these samples, the limit of

quantification (LOQ) for cypermethrin and permethrin

analyzed by ELISA in wines were as low as 50 μg

L−1. Nakata et al.
43) demonstrated the ELISA has

been used to determine flucythrinate in tea extract

without a further clean-up procedure. The LOQ

for flucythrinate in tea extract was as low as 0.3

mg L−1. The ELISA detected flucythrinate spiked

in tea extracts of samples with the mean recovery

of >100%. 

Several ELISA studies showed pyrethroids could

be measured in fruits, grains and vegetables. Lee

et al.
44) measured deltamethrin in whole grain

using the LLE method (methanol extraction)

followed by a simple dilution without a further

Fig. 1. ELISA procedure for detection of pyrethroid

residues. , antibody; ●, analyte; ▲, labeled

antigen; , substrate; , chromogen.
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cleanup. The ELISA provided 0.013 mg kg−1 of

the LOQ with a good recovery of >90% from grain

extracts. Nakata et al.
43) determined flucythrinate

from apple. The apple methanol extract was

diluted with distilled water which was then directly

used for the ELISA assay. The LOQ for flucythrinate

in apple extract was as low as 0.3 mg L−1. The

mean recovery of flucythrinate spiked in apple

was >96% in this study. Park et al.39) used a simple

and direct dilution of the extracts from apple,

banana, cucumber, lettuce, onion, and peach to

determine permethrin using a competitive indirect

ELISA method. The IC50 values of permethrin in

200-fold diluted the extracts of fruits and

vegetables were less than 2.7 μg L−1. The LOQs of

permethrin in fruits and vegetables excepted for

cucumber were as low as 70 μg kg−1. The average

of permethrin recoveries from fruit and vegetable

samples were more than 70%. In order to improve

selectitivity of target compounds, Kaware et al.
45)

developed sol-gel immunoaffinity purification (sol-

gel IAP) method to minimize interferences from

food samples for determining bioallethrin. The

ELISA method found the sol-gel IAP reduced

significantly the background interferences of

vegetable samples such as tomato, cucumber and

strawberry after acetone extraction. The recovery

of spiked bioallethrin from strawberry with this

reached 100%. This study showed IAP method

should enhance application of the ELISA monitoring

method. 

VI. Conclusions

Pesticide use has a vital role in reducing damage

to crops and livestock by pests, and improving

productivity in the agricultural industry. It is clear

that worldwide food production would be decreased

without a proper control of pests. 

The diet is the major source of the contaminants

that should be monitored and screened for public

health concerns, especially in children. Screening

methods requiring rapid results from a large

number of samples are essential to conduct this

task. The immunoassay method, although a qualita-

tive, semi-quantitative and limited multi-residue

detection method, may provide a solution. Immuno-

assay methods have the potential to be routinely

employed for monitoring of these chemicals as

they are rapid, selective and have high throughput

capabilities. The development and application of

immunoassay techniques to detect pyrethroids in

some suitable agricultural products may be more

effective in reducing pesticide exposures and in

the prevention of adverse health effects. 
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