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in the sample. One of the character ist ics of direct 
competitive ELISA is that the coloring level is low 
depending on the concentration of pesticide if it is within 
the determination range. The steps of the analysis flow are 
explained as follows.

A subject pest icide and 10% methanol solut ion of 
enzyme-labeled hapten are added in each well of an 
antibody solid-phased 96 well micro-titer plate for 
competitive reaction at room temperature for one hour. 
The concentration of antibody is preliminarily adjusted so 
that required determination range and absorbance are 
obtained. The determination range usually depends on the 
reactivity of antibody and the absorbance depends on the 
concentration of enzyme-labeled hapten.

After competitive reaction, the wells are washed with 
normal saline 3 times to remove the enzyme-labeled 
hapten and the pesticide that did not bind to the solid-
phase antibody. Via the antibody, the solution including 
tet ramethylbenzidine is added as the chromogenic 
substrate of the enzyme bound to the solid phase of the 
wel l s .  A f t e r  t he  ch romogen ic  r eac t ion  a t  room 
temperature for 10 minutes, 0.5M sulfuric acid is added 
to stop the reaction. At this time, enzyme is inactivated 
by diluted sulfuric acid, the degradation of pH changes 
the color of chromogenic agent from blue to yellow and 
then the chromogenic reaction stops.

The absorbance after the stop of chromogenic reaction is 
determined with the dedicated spectrophotometer for 
micro plate. If the concentration of the pesticide contained 
in the sample is high, the quantity of the enzyme-labeled 
hapten bound to the antibody is small and the level of 
chromogenic reaction becomes low. If the concentration 
of the pesticide is low, the chromogenic reaction is strong. 
A calibration curve is drawn with standard pesticide 
concentration on the x-axis and the cor responding 
absorbance on the y-axis, and the absorbance of the 
sample is applied to calculate the pesticide concentration. 
In Figure 3, the calibration curve (2 point calibration) of 
dinotefuran test kit and the standard curve by 5 point 
calibration are illustrated by examples. For a standard 
curve that is, in general, a sigmoid curve, multiple point 
calibration is used in most of the cases. However, in a 
pesticide analysis test kit “SmartAssay Series”, the 
determination range is the linearity range by 2 point 
calibration limited to the higher linearity. This is for the 
purpose of minimizing the number of wells used for 
calibration curve and increasing the number of samples 
for analysis. As clarified in the Figures, 2 point calibration 
ensures the practical accuracy.
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Figure 3   Calibration Curve (Dinotefuran Test Kit)

Commercialization of Kits

If the direct competitive ELISA is made in a laboratory 
and used for analysis, many preparations are required 
before analysis. First of all, an antibody diluted to the 
specified concentration is dispensed to the wells of a 96 
well-micro titer plate and the plate is left at 4˚C for a night 
so that the antibody is solid phased and an antibody plate 
is formed via blocking. That requires, in general, a day. 
Concerning enzyme-labeled hapten, concentrated one by 
100 times is dispensed into vials and frozen. For analysis, 
it is fused and diluted. The pesticide standard solution and 
chromogenic substrate used for drawing calibration curve 
are easily degraded and should be prepared for each 
analysis. Moreover, the difference between preparations 
is often large, which causes inaccurate results.

The kits (See Figure 4) are commercialized for the 
pu r pose of omit t ing these preparat ions and also 
stabilizing the reagent. Using the kits, pesticide residue is 
inspected without a cumbersome preparation for analysis. 
As the product performance is guaranteed in the specified 
range, the difference between preparations is considered 

Figure 4   SmartAssay Series Nitenpyram Test Kit
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in the guaranteed range. Therefore, the accuracy is 
ensured by verifying the technique of person in charge of 
the analysis, the analyzer and the analysis condition.

Sample Analysis

Unlike instrument analysis, immunoassay does not 
basically require a cleanup in the pretreatment of farm 
products. In the pretreatment condition for vegetables and 
fruits, first of all, samples are chopped and ground by a 
mixer for approximately one minute for homogenization. 
Five gram of the sample is taken to a centrifuge tube, 
25mL of methanol is added and the mixture is shaken for 
30 minutes for extraction. The extract is filtered and the 
filtrate is diluted to 7.5 folds with purified water. By this 
operation, the methanol in the sample is diluted to 10% 
equivalent. This diluted solution is normally used as an 
analysis sample for pesticide residue in farm products.

Watanabe and others examined the correlativity with 
i n s t r u ment  a na lysi s  conce r n i ng  seve ra l  k i t s  of 
SmartAssay Series. As the result, a slight difference with 
HPLC, r = 0.913 for  g reen peppers  was show n in 
Imidacloprid test kit. However, the correlativity higher 
than r=0.979 was shown for cucumbers, eggplants and 
lettuces.[5] In chlorfenapyr test kit, the reactivitiy higher 
than r=0.989 was shown for apples and for pears.[6] On the 
other hand, in chlorothalonil test kit, although the slope of 
regression line and the GC/MS result of the combination 
o f  G C  a n d  t h e  m a s s  s p e c t r o m e t e r  p l a c e d  a 
disproportionate emphasis on the immunoassay side, it 
showed a high correlativity (r=0.986). The reason why the 
slope placed a disproportionate emphasis is considered 
that as chlorothalonil is an unstable pesticide in farm 
products developed, the degradation developed in the 
pretreatment of GC that consists of many processes.[7] 
Watanabe and others consider that immunoassay is a 
promising means as easy and rapid screening test.

On the other hand, even in Smart Assay Series, the cases 
in which the farm products derived matrix extracted with 
pesticides interrupts a normal reaction have been reported 
in scientific meetings. The effects and how to avoid them 
are written in detail in the technical description. The 
effective methods are (1) dilute the sample again with 
10% methanol, (2) filter the sample by ultrafiltration 
membrane and (3) clean up the sample with activated 
carbons or a mini column. Amano summarizes that the 
better use after understanding the features enables the kits 
to maximize the potential. Smart Assay Series have been 

developed using the monoclonal antibody that shows the 
high reactivity and organic solvent tolerance. As a result, 
pesticide residue analysis in farm products has been 
realized by inhibiting the effects of the farm products-
derived matrix. However, it is true that some combinations 
of kits and farm products are affected by the matrix. The 
users have to verify the effects and how to avoid them 
beforehand.

Conclusion

Immunoassay, compared with instrument analysis, has 
the advantages such as (1) Expensive instruments are not 
required., (2) Its pretreatment is easy and rapid., (3) An 
advanced knowledge is not required. (4) Many samples 
are simultaneously analyzed. Therefore, it is effective for 
the pesticide residue test in the consolidating and shipping 
areas where many samples are tested before shipment of 
farm products. In fact, tests before shipment using Smart 
Assay Series have been diffused in the places, mainly 
agricultural cooperatives or wholesale markets. In 
addition, the products have started to be used in the fields 
where the target pesticides are clarif ied, such as in 
eff icacy test of pesticides, residual eff icacy test or 
environment monitoring.

As above, the hapten design, antibody preparation 
together with the development of kits by the direct 
competitive ELISA and its applicability are outlined. It is 
a pleasure of the author that this article makes understand 
the readers that pest icides are rapidly and easi ly 
determined at high sensitivity and is informative for the 
users to use the kits for pesticide analysis.
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