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Use of ELISA for the Residue Analysis of Pesticides
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Abstract

Immunochemical assay, ELISA for small molecules such as pesticides are rapid, sensitive, cost effective

and can easily analyze with large samples. ELISA is one of several powerful biotechnologies immediately

applicable to pesticide analysis. This review lists the advantages and disadvantages of the ELISA and

elucidate the steps in assay development using examples from this laboratory. The focus is primarily

on hapten synthesis strategies, protein conjugation, Immunization, assay format, and assay validation.
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Table 1. Advantages and disadvantages of Immunochemical technology

Advantages

Disadvantages

Generally applicable
Highly sensitive
Highly specific
Highly precise
Very rapid

Cost effective
Highly adaptable

New technology in envrionmental labs
Too sensitive

Hard to apply to multianalyte problems
Cross reactivity and interference
Reagent not available

Confusing terminology

Large sample load required
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Table 2, Pesticides for which Immunoassays have been developed

Pesticides Reported Detection Limit Method Reference

Fungicides
Benomyl and metabolites 0.1 ng FIA 42
125 ng RIA 2
) 3.50 ng/ml ELISA 3
Metalaxyl 63.0 pg/ml ELISA 4
Triadimefon 1.0 ng/mi ELISA 43
Fenpropimorph 13.0 pg/ml ELISA 5
Iprodione 0.2 ng/ml ELISA 44

Insecticides
Benzoylphenylurea 39 ng ELISA 6
Parathion 40 ng RIA 7
10.0 ng/ml ELISA 45
Paraoxon 250 ng/ml ELISA 46
Bioallethrin 0.5 ng ELISA 37
Aldrin 700.0 pg RIA 8
Dieldrin 150.0 pg RIA 8
Aldicarb 300.0 ng/ml EIA 33
Chlordane ' 5.0 ng/ml ElIA 33
Endosulfan 3.0 ng/ml ELISA 9
0.1 ng/ml RIA 47
Fenitrothion 0.3 ng ELISA 10
Chlorpyrifos methyl 0.02 ng ELISA 11
Pyrimifos methyl 0.02 ng ELISA 11
Permethrin 15 ng/ml ELISA ' 12
Phenothrin 2.0 ng/ml ELISA 12

Herbicides
Paraquat » 0.1 ng, 10 ng RIA 14
0.1 ng ELISA 15,16
24-D, 245-T 13.0 ng RIA 17
Diclofop methyl 2.0 ng/ml ELISA 32
Atrazine 1.0 ng/ml ELISA 18
0.1 pg/mi ELISA 19
Chlorsulfuron 3.0 ng/ml ELISA 20
Molinate 3.0 ng/ml ELISA 35
Clomazone 0.5 ng/ml ELISA 48
Metolachlor 0.1 ng/ml ELISA 21
Norflurazon 1.0 ng/ml ELISA 49
Picloram 5.0 ng/ml ELISA 22
0.1 ng/ml RIA 17
Bentazon 2.0 ng/ml ELISA 23

Plant growth regulators and others

Avermectin 0.5 ng/ml ELISA 27
1AA 94.0 pg RIA 24
GA 2.0 pg RIA 26
PCBs 0.1 ng RIA 36
ABA 130 pg ELISA 25
Aflatoxin 05 ng ELISA 29,30
Maleic hydrizide 6.0 ng/ml ELISA 50
" Chloramphenicol 100 pg RIA 51
Sulfamethazin 100 ng ELISA 52

Diflubenzuron,BAY SIR 8514 2.0 ng ELISA 53
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Figure 1. Structures of some pesticides for
protein conjugation; I, metalaxyl
acid; 11, diazotized parathion; III, 2-
amidobenzimidazole carbamate; 1V,
endosulfan hemisuccinate
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2. ©H Hi3(Carrier Protein)zi2
SREE.

etHo g E4E A haptend o7HR] Wy
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ten® succinic anhydride®’2 ©wWaS ST 3}
A F A S A AFAZ £ ok Sulthydryl
712 ¥#3 hapten® homo- ¥+ heterobifunctio-

nal AJefehel] ofs] AgAlD 4 Utk
3. EAyL

o] Hv WA A HA, gAY B
AFEE EFSL A LYo RE TEA S
TEo] AHEEHolof e olF dE AMRHE E
71 ol §olata YA FE HFen FAGso}
=0 Aol Uk HATPH] A3 Yo
utd o g AAAEE e BT GFE 3 (poly-
clonal antibody)o]olA] 1 Eo]Ade] @& &%|(mo-
noclonal antibody)el] Evlx)&= Zd3Ho] gl 1975
o] Koher® Fo o&te] e dZ234 ride
in vitroo| A 93te TURAE FAFGLR i
d & e AEAAE T2 Q) o 71Ee
hybridoma® A7t =53, ¥] &9 A7} IA4
EES 18ga Boldeg Ad &FF A 2
om Al M= FAFA ol & + girh

"7 el Ae GEFE gAY HEE A 3
#gle] FAe e dpdely FEAN H
Auk3-A A, AP ARFALA o) whe} A Ao
g2} At Williams 50y} Vaitukaitis 5% A
oA AL A e g BHES e A
ol @& wirge] dy AMgsn Yok B H¥
Ao Me E7ZRE T e dSZE A P4A4E
8 o9 H3}5FEAHmulti intradermal injection,
MIDDE E79 53 & ¥-&o 4482 o &
Z7|FA 3-4F Fole AYEZAFAHbooster injec-
tion)& HASISL ZHze] FAFAL Fole AT
AL A3 FHHY HAE AN ol

Figure 2. Double immunodiffusion pattern of
the antiserum against immunogen

g¥Ho ArE ZABR= WHoBE  indirect
ELISA, double immunodiffusion test(Fig.2), western
blotting F°] AMHS-Eth AW FHY 77t EA
vehud ErzRE HZAYs FAg EeA
F)ed o8 s A€ BEFPHL gloH

& AYolvt AhAY] A =3 4 Aol
ukg Aot

4. Immunoassay format

Sl g SolgAl7t A=A A g
A3 M A& GAENE S8 o
B2 AR 4 QU o] thekd e HWrHe
Zt7t &, b4, U= o glld U FHS
Ad W o] gojof & Zlojt}, FAE- o] AHEH=
RE WA el Eo)dlAl, protein conjuga-
ted hapten, £4 o) Ffe] 3714 FAHLAL 7t
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3 Zgshe BE Y competitive ELISAT9} Eo]
Aol dis] ALBA FY &5 FYo) 2YES
A8 Bgste 49 competitive ELISA(EE indi-
rect competitive ELISA)®7} ¢ltiFig. 3). Endosul-
fan2] ELISA ¥2A] 34 competitive ELISAS o]
251 ¥53 competitive ELISAZ ©] 43 241
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Figure 3. Standard competitive ELISA format
and antigen competitive ELISA foe-
mat.; I, A coating Ag is bound to
the solid phase. Hapten, in sample
or standard, competes for a fixed
amount of antibody. This bound Ab
is quantitated by binding an enz-
yme-conjugated second Ab. Subst-
rate is added and color formation
monitored.; II. Antibody is bound to
the solid phase. The competitive im-
munoreaction between hapten and
hapten-conjugated enzyme for the
specific Ab occur simultaneously.
The color conversion is indicative
of the amount of enzyme-labeled
hapten that is bound to specific an-
tibody captured by the solid phase
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Table 3. Cross-reactivity and I values on the
other pesticides with antiserum of

parathion
Compounds Lo(ug/ml) CR (%)*
Parathion 1.8 100
Malathion 24 7.5
Pirimiphos-methyl 140 13
Azinphos-methyl 190 1.0
EPN > 200 > 09
DDVP > 200 > 09
Deltamethrin > 200 > 09
Esfenvalerate > 200 > 09
Chlorpyrifos > 200 > 09
Carbaryl > 200 > 09

*Cross reactivity is expressed as that concentration

of benomyl causing a 50 % inhibition of binding
x 100, divided by the concentration of the other
compounds (50 % inhibition concentration).

Bol o]4-2 & it A7) HE 2PHY EAle
ELISA =9 d943t HHs} 3 o #
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B parathione] tja) A48 FHE FAH 729
#7104 2 ZEo AMg-EHe ohE kA 9719
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t}. o|¥% parathiono] i3] A4 P& 2
Sol4E AY HA4E o5 97 A9 EAANE
7.5 %(malathion) o)’de} WAL HolA gete

Table 4. Recoveries and percent coefficients of variation of parathion in 4 crops by modified indirect

ELIA

Spiking Recoveries ( % )* Mean CV ( % )
Level

( ppm ) Brown rice Onion Apple Garlic Intraassay Interassay
0.1 94.0 964 91.1 80.4

CV % 8.8 45 18 12.8 6.97 10.36
05 101.1 107.6 100.2 96.1

CV % 8.7 52 84 4.0 6.56 9.52

*Recoveries

and mean CV % based on 8 determinations.



Table 5. Recovery of metalaxyl in method of
ELISA and GLC

Sample Spiking Means of Recovery(%)

level

ELISA GLC

Potato ‘ 0.05 85.78 86

1.0 808 87.2
Sesame T 005 775 810

1.0 912 835
Pepper 0.05 - 874 914

1.0 976 936
Cabbage 0.05 88.7 908

1.0 982 912
Cucumber 0.05 843 896

1.0 1036 90.1
Onion 0.05 80.8 832

1.0 940 803

Ag &+ Aok
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