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Introduction

Pesticide application in agriculture for controlling and manag-
ing pest problems is a common practice among many users to
produce crops of good quality. Because their extensive usage
constitutes an important risk for non-target species, the im-
portance of pesticide residue monitoring in the environment
has been advocated to ascertain levels of pesticide residues.

Soil remains a depository ground for various pesticides,
and receives most of the applied pesticides intended for
crops.1) In all situations, the use of pesticides could become a
serious problem with concerns for environmental safety;
therefore, regular monitoring of pesticide residues in soil en-
vironments is deemed necessary.

Fenitrothion is a widely used insecticide in agriculture. As
an organophosphate, fenitrothion is considered a
cholinesterase inhibitor. This compound effectively controls
penetrating, chewing, and sucking insect pests on various
crops, fruits, cotton, and is also used in public health pro-
grams.2)

Pesticide monitoring is a simple task, but it is tedious and
requires a lot of time for analysis. The conventional method
of analysis is the use of gas chromatography (GC) and/or high

performance liquid chromatography (HPLC); however, a
complicated cleanup method is required to achieve good re-
sults with the instruments. Enzyme Linked Immunosorbent
Assay (ELISA) for pesticide quantification in environmental
samples is an evolving non-chromatographic technique in the
field of pesticide residue analysis. ELISA is highly regarded
by many researchers for its high precision and good recovery
results.3–6) The methodological work using commercially pro-
duced ELISA kits is simple and requires no complicated
clean-up steps, utilizes less harmful solvents, and is feasible
for many samples. ELISA assay is considered to be valuable
as a screening tool for identifying and categorizing large
numbers of samples before decisive GC and HPLC analyses.

Commercially available ELISA kits have been advancing in
the field of pesticide residue monitoring activities mainly for
crop and water samples. The main objective of this research is
to apply a commercially available fenitrothion-ELISA kit, de-
signed for residue analysis of crop samples, to soil samples.
We compared the results with those obtained by a standard
GC method, and examined the effects of soil matrix on the
ELISA reaction.

Materials and Methods

1. Chemicals and reagents
An analytical standard (98% purity) of fenitrothion (O,O-di-
methyl O-3-methyl-4-nitro-phosphorothioate) was purchased
from WAKO Pure Chemical Industries, Ltd. (Osaka, Japan).
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Millipore water was used in the preparation of 10% methanol
and for the dilution of soil extracts. An fenitrothion-ELISA
kit was purchased from HORIBA, Ltd. (Kyoto, Japan). The
kit is in the form of a competitive immunoassay, sensitivity
range of 1.5–15 ppb and is exclusively for the analysis of crop
samples. The kit uses a 96-well microplate coated with anti-
body in an 8�12-well format.

2. Soil samples
Ten soils of different types from different sampling points
were used for method validation. The soil samples were used
after air drying and sieving through 2 mm mesh. The identity
and corresponding physico-chemical characteristics of the
soil samples are listed in Table 1. Total carbon and total nitro-
gen contents were analyzed by an N–C analyzer, Sumigraph
NC-90A (Sumika Chemical Analysis Service, Ltd., Osaka,
Japan). Soil pH and EC were measured by a pH meter, TPX-
90i (Toko Kagaku Co., Ltd., Hiroshima, Japan) and a conduc-
tivity meter, D24 (HORIBA), respectively. The pH of the soil-
methanol extract was measured after tenfold dilution with
water. Ca2� and Mg2� ions were measured by Inductively
Coupled Plasma–Atomic Emission Spectroscopy, ICPS 200
(Shimadzu, Kyoto, Japan). Particle size distribution in soil
was analyzed by the pipette method.7)

3. Soil preparation and extraction
Fenitrothion-spiked soil samples were prepared in triplicate by
adding fenitrothion working standard solution in acetone at
0.26 mg/ġ dry soil to each of the 10 g soil samples in a 50 ml
polyethylene test tube. The spiked samples were flushed gently
with N2 gas to expel the solvent. The soil samples were thor-
oughly mixed by gentle agitation, and then placed inside the
draft chamber where the solvent was completely evaporated.
The extraction of soil samples was followed the method of

Suzuki et al.8) with some modifications. Samples were ex-
tracted with 20 ml acetone or methanol by vigorously shaking
for 5 min with a vertical mechanical shaker at 280 rpm, and
sonicated in an ultrasonic water bath at 38 kHz for 5 min. The
former solvent was from the above referred protocol, while the
latter was for ELISA and for comparison of recoveries with
acetone extraction. The extracts were centrifuged at
10,000 rpm for 10 min, and filtered with a 0.5-mm glass micro-
fiber filter (GC-50, Advantec, Tokyo, Japan). This extraction
was repeated 3 times until 60 ml of soil extracts was collected.
The soil-methanol extract was fractioned for ELISA and GC
analyses. An aliquot was diluted with Millipore water to attain
10% methanol for ELISA to reach the target concentration.
The remaining methanol extracts as well as acetone extracts
were concentrated on a rotary evaporator to 10 ml, followed by
liquid–liquid clean-up twice with 20 ml dichloromethane in
5% NaCl solution. The total organic layer was filtered through
qualitative filter paper with Na2SO4, followed by concentration
to about 1 ml in a rotary evaporator, and dried under an N2 gas
stream. The residue was reconstituted with acetone/hexane;
5 : 95 (v/v), and further cleaned-up with a Sep-Pak silica mini
column (Nihon Waters K. K., Tokyo, Japan). The sample was
loaded onto the pre-conditioned column and elution of feni-
trothion was followed by adding 10 ml�2 of the same ace-
tone/hexane mixture. The cleaned extract was evaporated
again and acetone was added, and then transferred to a vial
and kept at 4°C until GC analysis.

4. Gas chromatographic analysis
The amounts of fenitrothion recovered in the soil extracts
were determined by gas chromatograph with a flame ther-
moinic detector (Shimadzu GC-14B, Kyoto, Japan). The GC
system was equipped with a Rtx-5 column (30 m�0.53 mm
i.d., Restek, USA). Parameters were as follows: 250°C (detec-
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Table 1. Soil samples and their physico-chemical properties

Soil Classificationa)
TC TN pH pH EC 

Ca2� c) Mg2� c) Clayd ) Siltd ) Sandd )

(%) (%) (H2O) (extract)b) (mS/cm)

Inbe A Andosols 8.8 0.38 5.1 5.7 0.32 0.11 0.02 41 22 37

Inbe B Andosols 2.8 0.22 4.6 5.8 0.76 0.01 n.d. 21 27 52

Inbe C Andosols 4.6 0.30 5.4 5.8 0.38 n.d. n.d. 22 33 45

Honjo A Acrisols 1.2 0.13 5.8 5.5 1.82 0.03 0.01 28 32 40

Honjo B Acrisols 1.7 0.15 6.2 5.2 0.75 0.19 0.03 18 25 57

Izumo Arenosols 1.3 0.12 7.5 4.8 0.31 0.45 0.06 2 10 88

Koryo Arenosols 10.1 1.02 6.4 4.1 5.02 2.84 0.98 5 5 90

Jinzai Arenosols 3.7 0.31 4.9 4.9 0.20 3.06 0.37 2 10 88

Takano A Andosols 8.0 0.56 5.3 3.0 0.47 0.12 0.03 4 32 64

Takano B Andosols 5.6 0.45 5.5 3.8 0.80 0.19 0.04 4 38 58

a) Soil classification based on FAO.16) b) pH of tenfold diluted soil-methanol extracts with water. c) ppm in soil-methanol extracts. d ) Particle
size distribution in relative percentage (%).



tor temp), 220°C (column temp), and 230°C (injector temp),
and the carrier gas flow was 20 ml/min. The injection volume
of the cleaned soil extracts was 2 m l, and the detection limit
was 0.05 ppm.

5. ELISA analysis
The analysis of fenitrothion in the ELISA plate was per-
formed according to the manufacturer’s instructions. The 15
ppb standard solution was further diluted to 7.5, 3.75, and 1.5
ppb for the preparation of a standard calibration line. Each di-
luted soil-methanol extract and the fenitrothion standards
were mixed with the conjugate solution at 1 : 1 ratio (v/v),
then 100 m l of the mixture was loaded in duplicate into the
wells. After incubation for 1 hr at 25°C, the solution was re-
moved, the plate was washed 3 times with washing solution,
and then 100 m l of substrate solution was added, and kept
again at 25°C for another 10 min for color development. Fi-
nally, 100 m l of the stopping solution was added, and then
kept for 15 min before measuring the absorbance with an UV-
VIS microplate reader (SLT Spectra, WAKO) at 450 nm.

6. Soil matrix effect on ELISA analysis
6.1 Soil matrix interferences

Four soil samples, Jinzai, Koryo, Honjo-A, and Izumo, were
chosen and further evaluated for their possible matrix interfer-
ences. Fenitrothion-unspiked soil samples were extracted with
methanol following the same procedure described above. The
soil extracts were diluted to 1/10 and 1/100 with 10%
methanol and used for the preparation of standard fenitrothion
solutions at 3, 6, and 9 ppb. Changes in absorbance in ELISA
were plotted as a function of fenitrothion log concentration.
The experiment was conducted in duplicate.

6.2 Effect of pH
In addition to measuring the pH of the diluted soil-methanol
extracts, the effect of pH on ELISA was examined by adjust-
ing pH from 4 to 6 using fenitrothion standard solutions pre-
pared with 10% methanol. Final concentrations of fenitroth-
ion were set at 3, 6, and 9 ppb, and the experiment was con-
ducted in duplicate.

6.3 Effect of soil humus
The diluted soil-methanol extracts were filtered with High-
Performance Centrifugal Concentrators (Apollo 9 kDa, Or-
bital Bioscences, Topsfield, USA) to remove high-molecular-
weight soil organic matter. Fenitrothion standard solutions
were prepared using filtered as well as unfiltered extracts. The
samples were applied to ELISA to examine changes in ab-
sorbance together with a control. The final concentration of
fenitrothion was set at 3 ppb, and the experiment was con-
ducted in duplicate.

6.4 Effect of Ca2� and Mg2� ions
To further examine the sensitivity of ELISA, standard solu-
tions of calcium and magnesium ions were prepared in 10%
methanol individually. The solutions were used to prepare
fenitrothion standard and checked for the change in ab-

sorbance together with a control. Concentrations of co-ex-
tracted soluble calcium and magnesium ions in the soil-
methanol extracts were determined using Inductively Coupled
Plasma–Atomic Emission Spectroscopy (ICPS 2000, Shi-
madzu). The final concentration of fenitrothion was set at 7.5
ppb, and the experiment was conducted in duplicate.

Results and Discussion

1. Recovery of fenitrothion in GC and ELISA analyses
The ELISA kit was assessed by comparing the recovery with
the standard GC method. The analysis of fenitrothion in 10
soil samples gave adequate results (Table 2). The percentage
recoveries of fenitrothion at 0.26 mg/ġ dry soil were within the
acceptable range (70–120%) by methanol and acetone extrac-
tions analyzed by GC. In contrast, the percentage recoveries
by ELISA were fairly high compared with the GC results. Six
out of ten samples in ELISA showed recoveries ranging from
123–163%, which were considered to be an overestimation.
The coefficient of variation (CV) values were greater in
ELISA (5-26) than in GC (1-12), but there were no differ-
ences in CV between samples with and without the overesti-
mation. As the same methanol soil extracts were used for
ELISA and GC, the difference in variation seemed to result
from methodological reasons.

The high recovery values were probably due to the effects
of components in the soil extract which influenced the ELISA
antigen-antibody reaction during the course of analysis. The
light yellow color of the soil extracts indicated the presence of
humus-like compounds in the extracts. Since ELISA is based
on antibody binding with enzymes, signal amplification, and
colorimetric determination, the presence of humus-like com-
pounds could change the ELISA response. Concerning the ef-
fects of humic substances, the ELISA standard curve was
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Table 2. Recovery of fenitrothion from spiked soil samplesa)

Recovery (%)b)

Soil
GC-acetone GC-MeOH ELISA-MeOH

Inbe A 88 ( 1)c) 83 ( 3) 87 (15)

Inbe B 95 ( 7) 86 ( 9) 90 (13)

Inbe C 89 ( 3) 86 ( 4) 101 (23)

Honjo A 86 ( 2) 86 ( 4) 116 ( 5)

Honjo B 90 ( 1) 72 ( 8) 127 (18)

Izumo 85 ( 8) 84 ( 2) 145 ( 8)

Koryo 85 ( 3) 79 ( 4) 161 (12)

Jinzai 92 ( 3) 79 ( 1) 163 (26)

Takano A 88 ( 3) 78 ( 2) 149 (19)

Takano B 113 (12) 83 ( 6) 123 ( 8)

a) Fenitrothion was spiked at 0.26 mg/ġ dry soil. b) Average val-
ues (n�3). c) Coefficient of variation.



highly affected by the prepared humic acid.9) In addition, the
effects of pH on ELISA3,10,11) and soluble inorganic ions12–14)

have been reported.
To clarify the causes of the overestimation, the relationship

between the recovery values and several soil parameters was
examined. The pH values of the soil-methanol extracts were
negatively correlated (Fig. 1a), and sand and clay contents
were positively and negatively correlated, respectively (Fig.
1b, c). The Ca2� content appeared positively correlated, but
the correlation was inconclusive due to uneven distribution of
the Ca2� content (Fig. 1d). Other factors, such as TC, TN, EC
and Mg2� in the soil-methanol extracts, showed no significant
correlation (data not shown).

2. Matrix interferences in ELISA
The overestimation of fenitrothion recovery was further inves-
tigated by using four soil samples. In immunoassays, antigen-
antibody interactions are generally more susceptible to inter-
ference by various soil components such as lignin, lipids, sol-
uble ions, clay minerals, and humic materials. The disadvan-
tage is that the analyte-antibody interaction is governed by
weak molecular interactions and is subject to nonspecific in-
terferences i.e. matrix effect.12) Shifting of the absorbance to
high or low demonstrates the matrix effect in analysis.
Changes in the optical density of prepared standard curves
with the four soil extracts revealed that all tested soils caused
interference, having lower absorbance than no soil extract
(Fig. 2). As usually reported in immunoassays, this peculiar

shift is caused by either non-specific alterations of the analyte
(antigen)-binding sites of the antibody or adsorption of soil
matrix with antibody.15) Honjo A and Izumo soil extracts
showed higher matrix interferences than Koryo and Jinzai.
The change in absorbance was reduced by dilution from 1/10
to 1/100 in Koryo at a lower concentration of fenitrothion.
Based on the theoretical fenitrothion concentration of 4.4 ppb
in diluted soil extracts and on the calibration line at 1/10 dilu-
tion in Fig. 2, overestimation of up to 165% was calculated.
These figures are comparable to the actual values of the re-
covery overestimation. All the tested soils indicated various
soil matrix interferences able to cause the overestimation.

3. Effect of pH on ELISA
Matrix interferences in some samples include not only or-
ganic materials co-extracted during analysis but some soluble
ions and pH of the extracts could influence the assay
reaction.12) It was noticed for most samples (Izumo, Koryo,
Jinzai, and Takano A and B) having a low pH in the soil-
methanol extracts that the recovery was overestimated (Table
1). Kim et al. reported the effect of altering the pH of the
buffer on ELISA, and presented the inhibition of the anti-
body-antigen recognition site and thus alteration of the ab-
sorbance below pH 4.5.10) The ELISA kit used in this study,
however, showed no significant change in absorbance at vari-
ous pH from 6 to 4, as shown in Fig. 3. It was suggested that
pH did not directly affect the reaction and some indirect pH-
dependent reactions occurred with soil matrices.
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Fig. 1. Correlation of recoveries in fenitrothion-ELISA kit with different possible matrix interferants. *, **, ***: significant at 0.05, 0.01, and
0.001 levels, respectively.



4. Effect of ultrafiltration on ELISA
ELISA is susceptible to the presence of various organic sub-
stances that may have interfered in the assay performance.
Toscano et al.9) explained that humic substances like humic or
fulvic acid can influence the antibody, creating more favor-
able binding with hydrophobic compounds; therefore, filtra-
tion of the extracts to remove some high-molecular-weight or-
ganic interferants before analysis was considered. Although

Koryo had the highest carbon content, the ultrafiltration cut
off above 9 kDa showed minimal improvement compared to
the unfiltered control, while in Honjo A, some improvement
in absorbance reduction of 14% compared to 53% in the un-
filtered control was observed (Fig. 4). It was assumed that the
effect could be due to the removal of humic substances and/or
some clay minerals which were higher in this sample. Differ-
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Fig. 2. Matrix effect of four soils in fenitrothion-ELISA kit. Soil matrix interferences of four soils after 1/10 (�) and 1/100 (�) dilution of the
original methanol soil extracts (�) to 10% methanol.

Fig. 3. The effect of pH in fenitrothion-ELISA kit. Adjusted pH
values of standard solutions are above bars. Bars indicate the range
of data (n�2).

Fig. 4. Changes in the sensitivity of fenitrothion-ELISA kit with
soil matrices added at 3 ppb of fenitrothion before (closed bars) and
after (open bars) filtration by 9 kDa. Bars indicate the range of data
(n�2).



ent improvement among soils may be due to the different
chemical properties of the extracted humic substances from
the soil samples.

5. Effect of Ca2� and Mg2� ions on ELISA
The presence of some soluble divalent cations in the extracts
might have also affected the performance of the kit. This in-
fluence, possibly modifying immunoassay characteristics, was
mentioned by several authors.12–14) The relative recoveries of
fenitrothion in 10 soils and the amount of detected ions in the
extracts could explain the overestimation in some samples.
About 3 ppm of Ca2� ion was found in Koryo and Jinzai soil
extracts, in which the recoveries were overestimated and were
above the 120% cut-off range for acceptable recovery (Tables
1 and 2), followed by Takano A and Izumo, in which concen-
trations of Ca2� were 0.12 and 0.45 ppm, respectively. The
concentration of Mg2� ion in the two former soils was 0.98
and 0.37 ppm, respectively, while in Takano A and Izumo, the
Mg2� ion concentration was 0.03 and 0.06 ppm, respectively.
The ELISA absorbance of the extracts with added Ca2� and
Mg2� was reduced, particularly with higher amounts of the
two ions compared to no addition. This effect could be easily
recognized, especially with Mg2� ion with 10 and 30% reduc-
tion at 0.4 and 0.04 ppm, respectively, compared to Ca2� ion
with 20% reduction at 4.0 ppm (Fig. 5). On the one hand,
Schneider et al.12) mentioned that the effect of the ions on
ELISA was not clear because it may affect not only binding to
the enzyme tracer, coating antigen, or analyte to the antibody
but also ionization of the analyte, and that the matrix effect is
difficult to conclude. From our results in this study, it is sug-
gested that overestimation of up to 30% can be predicted if
the ions are present in considerable amounts.

Conclusion

A commercially available fenitrothion-ELISA kit, designed
for analysis of crop samples, was applied to soil samples and
showed good performance in some samples. No recoveries
below 70% in all samples were achieved; however, for sandy
soils the recoveries were biased high (�120%). This overesti-
mation can be explained by soil matrix interferences, such as
pH, humic substances, and soluble Ca2� and Mg2� ions.
Based on this evaluation, the fenitrothion-ELISA kit can be
applied for monitoring or pre-screening soil samples contami-
nated with fenitrothion pesticide, except for sandy samples, in
which Ca2� and Mg2� ions are sometimes high. The burden
of extensive and rigorous cleanup of extracts for gas chro-
matographic analysis can be omitted in the ELISA test. This
expands the advantage of ELISA in the analysis of many sam-
ples in a short time.
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