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A B S T R A C T   

In this work, for the first time, a nanocomposite composed of carbon nanotubes and lacunary polyoxotungstates 
(LPOT/CNT) was synthesized. The nanocomposites were used as a sorbent for the dispersive micro solid-phase 
extraction (D-µSPE) of five organophosphorus pesticides (OPPs) (i.e. fenthion, diazinon, fenitrothion, profenofos, 
and phosalone) from water and fruit juice samples. The extracted OPPs were quantified via gas chromatography- 
flame ionization detector (GC–FID). The main factors affecting the D-µSPE of the OPPs, such as the desorption 
conditions, amount of sorbent, and extraction time, were investigated, in detail. The LPOT/CNT nanocomposite 
shows a synergistic effect and its extraction efficiency is higher than intact CNTs and LPOTs. Under the optimized 
conditions, the D-µSPE-GC-FID method showed linearity from 0.02 to 200 ng mL− 1, limits of detection in the 
range of 0.007–0.02 ng mL− 1. The precision expressed as relative standard deviations (RSD%) ranged from 3.3 to 
4.7%. The D-µSPE-GC-FID based on LPOT/CNT sorbent was used for the extraction of OPPs in fruit juices (apple 
juice and peach juice) and real water samples (wastewater and river water) and with relative recovery values of 
94.2–99.6%.   

1. Introduction 

Organophosphorus pesticides (OPPs) are widely used in agricultural 
activities due to better control of pests and faster degradation in the 
environment. But, one of the sources of environmental pollution is trace 
OPP residues in aqueous samples and agricultural products as a result of 
excessive use which can be harmful to human health [1]. So, an efficient 
and reliable analytical method is required for the determination of OPPs 
in various real samples. However, due to the complexity of matrices and 
trace concentration of OPPs in real samples, extraction, and pre-
concentration steps as necessary [2–4]. 

Until today, several extraction methods such as magnetic solid-phase 
extraction (MSPE) [7,8], solid-phase microextraction (SPME) [6], solid- 
phase extraction (SPE) [5], hollow-fiber liquid-phase microextraction 
(HF-LPME) [11], dispersive liquid-liquid microextraction (DLLME) 
[9,10], have been used to extract of OPPs. Dispersive micro solid-phase 
extraction (D-µSPE) is the simplest sample treatment approach, in which 
for the extraction of analytes, the sorbent is dispersed in the sample 
solution and collected centrifugally thereafter. Extraction efficiency in-
creases due to the increase in the contact surface between the sorbent 
and the analytes [12–14]. The sorbent is a key part for the extraction 

ability of D-µSPE. Various sorbents such as metal-organic frameworks 
(MOFs) [15,16], conductive polymers (CPs) [17,18], molecularly 
imprinted polymers (MIP) [19], and carbon nanotubes (CNTs) [20] are 
used in the D-µSPE method. Due to the unique properties of poly-
oxometalates (POMs), these compounds have attracted wide attention as 
sorbents in recent years. The POMs are metal oxide clusters made from 
niobium, tantalum, vanadium, and tungsten at their highest oxidation 
states (+4, +5, +6) [21–26]. Due to their unique properties, POMs are 
widely used in the fields of medicine, magnetism, data storage, bio-
activities, sensing, and catalysis, and sorbent. POMs as inorganic ligands 
that are more thermally and oxidatively stable than organic ligands 
[27–34]. Keggin type POMs has received much attention in recent years 
due to their unique chemical and physical properties [35]. Modification 
of the Keggin-type POMs that are prepared in appropriate chemical 
conditions such as temperature, pH, and concentration leads to the loss 
of one or more metal centers, which leads to the production of com-
pounds called lacunary POMs (LPOMs) [36]. The lacunary poly-
oxotungstates (LPOTs) are a subset of LPOMs with a series of special 
properties such as thermal stability, multicentricity, oxidative, and ri-
gidity [37–39]. Also, LPOMs with oxo-enriched surfaces, highly elec-
tronegative, and controllable size and shape are expected to be good 
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adsorbent and selective removal of cationic pollutants compared to 
anionic pollutants [40,41]. Unfortunately, POMs have low surface area 
due to their tendency to aggregate and are difficult to use as sorbents. To 
solve this problem, POMs have anchored on various support such as 
graphene [42,43], carbon nanotubes (CNTs) [43], magnetic nano-
particles [44,45], etc. 

In a previous work [37], [SiW11O39]8− immobilized on the surface of 
GO sheets and used as sorbent for the extraction of the non-steroidal 
anti-inflammatory drugs (NSAIDs) in the water samples. Lacunary 
Keggin anions are defect derivatives of saturated ones, including one or 
more vacant sites such as mono-lacunary, di or tri-lacunary derivatives. 
It is well known that lacunary derivatives are more reactive than the 
original Keggin anion due to the presence of multiple labile terminal oxo 
ligands. Meanwhile, electrostatic interaction between the positively 
charged substrates and these oxo-anion ligands make these reactive 
species more stable. Therefore, by increasing the negative charge on the 
lacunary derivatives from mono [SiW11O39]8− to the tri-lacunary 
[PW9O34]9− , the electrostatic interactions become stronger [46]. 

CNTs are a kind of good sorbent that due to their unique physical and 
chemical properties have been widely used in sample preparation. The 
dispersion of POMs on the CNTs can increase the adsorption ability of 
POMs and the development of multi-functional material. In this work, 
through an efficient and facile way, the LPOT of {α -PW9O34}9− was 
anchored on the surface of CNTs (LPOT/CNT) via positively charged 
poly(diallyldimethylammonium chloride) (PDDA) as the linker between 
CNTs and LPOTs. To the best of our knowledge, the use of LPOT/CNT 
nanocomposite as a sorbent has not been reported. The resulting 
nanocomposite (LPOT/CNT) was applied as sorbent for the D-µSPE of 
five commonly used OPPs in Iran (i.e. fenthion, diazinon, fenitrothion, 
profenofos, and phosalone) from fruit juice and real water samples 
before the gas chromatography-flame ionization detector (GC-FID). 

2. Experimental 

2.1. Chemicals and materials 

All reagent chemicals and OPPs such as fenthion, diazinon, feni-
trothion, profenofos, and phosalone, were obtained from Merck. The 

MWCNTs (length range 5–15 μm, outer diameter 10–20 nm) were pur-
chase from Shenzhen Nanotech Port Co. 

The stock solution of OPPs was prepared at the concentration of 100 
mg L–1 in methanol and stored at 4 ◦C in the dark. The working solutions 
for the optimization and validation experiments were obtained daily 
from the stock solution by dilution with distilled water. Apple and peach 
juices were purchased from the market and filtered through a filter 
(0.45 μm). The real water samples (wastewater and river water samples) 
were obtained from Sabzevar, Iran, and ultimately stored at 4 ◦C and 
dark place. 

2.2. Instrumentation 

The chromatographic analyses were done using a GC system (Shi-
madzu-17A, Tokyo, Japan) equipped with a CBP-5 capillary column (25 
m × 0.25 mm, 0.25 μm film thickness) and FID. The injector temperature 
and detector were set at 300 ◦C. The oven temperature programming 
was operated at 100 ◦C, held for 3 min, ramped to 280 ◦C at 10 ◦C min− 1, 
and held for 12 min. Nitrogen (99.999%) was used as a carrier gas at a 1 
mL min− 1 flow rate. Field-emission scanning electronic microscopy 
(FESEM) images were recorded on a MIRA3 TESCAN electron micro-
scope. The infrared spectra were recorded with a Fourier transform 
spectrophotometer (Thermo Nicolet/AVATAR 370) in the range of 
4000–400 cm− 1. 

2.3. Synthesis of Na9[α-PW9O34]⋅7H2O 

The Na9[α-PW9O34] was synthesized and characterized according to 
the procedure reported in the literature [40]. The experiment for the 
preparation of Na9[α-PW9O34] is as follows: first sodium tungstate 
dihydrate (120 g, 0.36 mol) was dissolved in 150 mL of deionized water 
under vigorous stirring. Subsequently, 4 mL of phosphoric acid (85%) 
was added to the solution and stirred. In the next step, 22.5 mL of glacial 
acetic acid was added dropwise and stirred again for 1 h. Finally, the 
white precipitate was filtrated and dried by suction filtration on a me-
dium frit. 

Fig. 1. The preparation route of LPOT/CNT nanocomposite.  
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2.4. Preparation of LPOT/CNT nanocomposite 

First, 1 g of pristine CNT was added to 50 mL of concentrated nitric 
acid (60%) and dispersed sonically. Then, the mixture was refluxed for 
24 h. The oxidized CNTs were filtrated off and washed with distilled 
water until the pH was neutral. The resulting material dried in a vacuum 
at 70 ◦C for 12 h. For the preparation of PDDA coated CNTs, the first 50 
mg of oxidized CNTs were placed in distilled water (50 mL) and soni-
cated for 10 min. After that, 2 mL of PDDA (20% wt% in water) was 
added under sonication for 90 min. Then, the obtained PDDA-wrapped 
CNTs were centrifuged and washed several times with deionized water. 
Negatively charged LPOTs can be combined with PDDA-wrapped CNTs 
via electrostatic interactions. Finally, the LPOT/CNT nanocomposite was 
synthesis as follows: 100 mg of PDDA-wrapped CNTs were dispersed in 
the 50 mL of deionized water. Then 10 mg of [α -PW9O34]9− was added 
to the mixture and sonicated for 2 h. The resulting LPOT/CNT nano-
composite was filtrated off, washed with deionized water. And was dried 
overnight at 60 ◦C. The preparation procedure of the LPOT/CNT 
nanocomposite is illustrated in Fig. 1. 

2.5. Extraction procedure 

First, 15 mg of the LPOT/CNT nanocomposite was dispersed in the 
20 mL of the sample solution that was spiked at 200 ng mL− 1 of OPPs 
and sonicated for 2 min. After centrifugation for 5 min at 4000 rpm, 
desorption of extracted analytes was done by 250 µL of dichloromethane 
under sonication for 1.5 min. Again the mixture was centrifuged and 2 
µL of supernatant was injected into the GC for the analysis. 

3. Results and discussion 

3.1. Characterization 

To ensure proper formation of the [α-PW9O34]9− as a tri-lacunary 
Keggin-type POMs, energy-dispersive X-ray spectroscopy (EDS), FT-IR 
spectroscopy, and field-emission scanning electron microscopy 
(FESEM) were used. 

As can be seen from the FT-IR spectrum of [α-PW9O34]9− (Fig. S1), a 
peak appears at 1057 cm− 1 corresponding to the P–Oa bond (Oa = in-
ternal oxygen’s). Three bonds at 749, 883, and 935 cm− 1 are ascribed to 
stretching vibrations of (W–Oc), (W–Ob), and (W = Ot), respectively (Oc, 
bridging oxygen atoms within the edge-sharing octahedral: Ob, bridging 
oxygen; and Ot, terminal oxygen). 

Before functionalization with PDDA, CNTs were negatively charged 
via an acid treatment procedure. Then, CNTs were functionalized with 
PDDA, forming positively charged PDDA-CNTs. As a consequence, the 
driving force for the attachment of [α -PW9O34]9− is the electrostatic 
attraction between oppositely charged species (LPOT and PDDA-CNT). 

The FESEM image of [α -PW9O34]9− shows that the LPOTs tend to 
aggregate together (Fig. 2a). The FESEM image of LPOT/CNT nano-
composite (Fig. 2b, c) indicated that the particles of [α -PW9O34]9− are 
dispersed uniformly on the surface of PDDA-CNT. 

The elemental composition of the LPOT/CNT nanocomposite was 
also investigated by using EDS and FESEM characterizations. The results 
of EDX analysis also confirmed the existence of tungsten and phosphorus 
in addition to carbon in the CNTs, indicating nonotungstophosphate 
polyanion was successfully grafted on the PDDA-CNTs (Fig. S2). 

. 

3.2. Optimization of the extraction procedure 

To obtain the optimal extraction efficiency, the most important pa-
rameters that affect the efficiency of extraction such as sorbent amount, 
desorption conditions (i.e. desorption solvent, desorption solvent vol-
ume, and desorption time), and extraction time were investigated and 
optimized. All the experiments were performed in triplicate at ambient 
temperature and the means of the results were used for optimization. In 
this section, the optimized parameters for LPOT/CNT nanocomposite as 
sorbent are discussed. 

In the D-µSPE procedure, the appropriate adsorbent amount is 
beneficial to allow adequate contact and transfer of the target com-
pounds to the adsorbents. To evaluate the amount of adsorbent, different 
amounts of adsorbent from 5 to 20 mg were examined (Fig. S3). As the 
results show, the extraction efficiency increases from 5 to 15 mg, and 
then the extraction efficiency remains constant. These results show that 
with increasing the amount of LPOT/CNT nanocomposite sorbent, the 
contact surfaces between the sorbent and analytes increase and there-
fore increases the adsorption and extraction when the amount of sorbent 
varied from 5 to 15 mg. So, 15 mg of LPOT/CNT nanocomposite was 
selected for further experiments. 

One of the important effective parameters in increasing the extrac-
tion efficiency is the elution conditions (i.e. desorption solvent, 
desorption solvent volume, and desorption time). The desorption sol-
vent must have such sufficient strength that all the extracted analytes 
are eluted from the sorbent. So, it is necessary to take knowledge of the 
property of extraction solvent and find the most suitable one to obtain 
higher yields of tested analytes. Several desorption solvents such as 
acetonitrile, dichloromethane, ethanol, and methanol were studied. As 
you can see in Fig. S4, the highest desorption efficiency is shown by 
dichloromethane. Therefore, dichloromethane was selected as the 
desorption solvent. 

Different volumes of dichloromethane from 100 to 500 µL were 
evaluated for the desorption of the analytes under sonication. Ideally, 
the volume of the desorption solvent should be as low as possible while 
being able to desorb the analytes repeatedly and quantitatively. When 
the volume of the desorption solvent increases from 100 to 250 µL, the 

Fig. 2. FESEM images of (a) [α -PW9O34]9− particles and (b and c) LPOT/CNT nanocomposite.  
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amount of extraction efficiency increases, and then the extraction effi-
ciency decreases. The 250 µL of dichloromethane was selected for 
further experiments. 

The effect of desorption time was investigated by subjecting the 
analytes-enriched sorbent to sonication times ranging between 0.5 and 
3 min. The extraction efficiency of OPPs reached a maximum after 1.5 
min of sonication (Fig. S5). Thereafter, the extraction efficiency 
remained constant. Following this observation, a sonication period of 
1.5 min was provided for the desorption of OPPs from LPOT/CNT 
nanocomposite for analysis. 

The extraction time refers to the duration in which LPOT/CNT 
nanocomposite was in active contact with the analytes, under sonicat-
ion. As shown in Fig. S6, the extraction of OPPs is most effective with 2 
min of sonication. With periods longer than 2 min, the extraction effi-
ciency of the analytes was not changed significantly. Therefore, 2 min of 
sonication was selected as the most favorable extraction time. 

3.3. The performance of LPOT/CNT nanocomposite 

To study the extraction efficiency, the performance of the CNTs, 

Fig. 3. Comparison of the extraction performance of 
CNTs (optimized extraction conditions: sample vol-
ume, 20 mL; sorbent amount, 30 mg; desorption sol-
vent, toluene; volume desorption solvent, 500 μL; 
desorption time, 2 min; and extraction time, 5 min), 
LPOT (optimized extraction conditions: sample vol-
ume, 20 mL; sorbent amount, 50 mg; desorption sol-
vent, dichloromethane; volume desorption solvent, 
350 μL; desorption time, 3 min; and extraction time, 
3 min), and LPOT/CNT (optimized extraction condi-
tions: sample volume, 20 mL; sorbent amount, 20 mg; 
desorption solvent, dichloromethane; volume 
desorption solvent, 250 μL; desorption time, 1.5 min; 
and extraction time, 2 min) sorbents.   

Table 1 
Analytical figures of merit of the DSPE-GC-FID method using LPOT/CNT nanocomposite as a sorbent.  

Analyte Linear range (ng 
mL− 1) 

LOD (ng 
mL− 1) 

Correlation 
coefficient (r) 

ER 
(%) 

Repeatability (RSD%, n = 5) Batch- to- batch reproducibility RSD% 
(n = 3) 

0.05 (ng 
mL− 1) 

5 (ng 
mL− 1) 

100 (ng 
mL− 1) 

Diazinon 0.02–200  0.007  0.9945  93.8  4.2  3.7  3.3  4.5 
Fenitrothion 0.05–200  0.02  0.9975  85.8  4.5  4.1  3.8  3.8 
Fenthion 0.05–200  0.02  0.9939  87.7  4.7  4.3  4.0  5.0 
Phosalone 0.05–200  0.02  0.9956  88.6  4.1  3.6  3.4  4.3 
Profenofos 0.03–200  0.01  0.9957  90.1  4.7  4.3  4.1  4.5  

Table 2 
Determination of OPPs in real samples.  

Sample Analyte Mean (ng mL− 1) Spiked amount (ng mL− 1) 

0.05 5 100 

Relative recovery (%)a RSD (%) Relative recovery (%)a RSD (%) Relative recovery (%)a RSD (%)  

Diazinon ND  97.7  5.1  98.1  4.7  98.5  4.5  
Fenitrothion ND  97.5  5.6  98.0  5.1  98.5  4.7 

Wastewater Fenthion ND  96.7  5.3  97.9  5.0  98.3  4.6  
Phosalone ND  97.3  5.9  98.5  5.4  98.7  5.0  
Profenofos ND  96.9  5.4  97.4  5.1  98.0  4.9   

Diazinon 0.3  98.8  5.0  99.1  4.7  99.3  4.3  
Fenitrothion ND  98.3  4.9  98.9  4.5  99.1  4.2 

River water Fenthion ND  98.1  4.6  98.7  4.3  99.0  4.2  
Phosalone ND  97.9  4.5  98.6  4.3  98.7  4.0  
Profenofos ND  98.6  4.1  99.3  3.9  99.6  3.9   

Diazinon ND  95.9  5.5  96.3  5.2  97.0  4.9  
Fenitrothion ND  96.6  5.1  97.2  4.8  97.5  4.6 

Apple juice Fenthion ND  96.5  4.7  97.3  4.3  97.6  4.0  
Phosalone ND  95.7  4.9  96.1  4.4  96.5  4.2  
Profenofos ND  94.2  5.0  95.9  4.7  96.3  4.3   

Diazinon ND  95.3  4.9  96.1  4.5  96.6  4.3  
Fenitrothion ND  96.3  5.0  97.1  4.7  97.3  4.3  
Fenthion ND  94.7  4.6  96.3  4.3  96.5  4.2 

Peach juice Phosalone ND  95.7  4.7  96.6  4.5  96.9  4.4  
Profenofos ND  94.3  5.1  95.2  4.8  95.5  4.6  
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LPOT, and LPOT/CNT sorbents for the extraction of OPPs. As you can 
see in Fig. 3, the highest extraction efficiency of the OPPs is obtained 
with LPOT/CNT nanocomposite. The higher extraction efficiency of the 
LPOT/CNT nanocomposite than CNT and LPOT can be due to the syn-
ergistic effect of LPOT and CNTs. The main idea of designing hybrids is 
to achieve the best characteristics of each component, try to reduce their 
disadvantages, getting synergic effects, and obtaining new materials 
with new properties. A barrier to the use of POMs as sorbent is their low 
surface area due to aggregation and therefore dispersion conditions are 
necessary. The well-dispersed LPOTs anchored on the CNT substrate 
increase the active surface area and the adsorption ability of LPOTs for 
the extraction of OPPs. Also, CNTs have high specific surface area and 
unique chemical structure that can be extracted analytes via π-stacking 
property and van der Waals interactions. LPOTs as active sites on the 
CNTs can be extracted the electron-rich OPPs via π-complexation and 
hydrogen bonding. 

3.4. Method validation 

The linearity, limits of detection (LODs), repeatability, and extrac-
tion recovery (ER%) of the D-µSPE-GC-FID method were evaluated 
(Table 1). The calibration plots for GC–FID analysis were studied by 
using different OPPs concentrations solution. The D-µSPE-GC-FID 
method for all the OPPs showed good linearity in the range of 0.02–200 
ng mL− 1 (R > 0.9939). The LODs defined as signal-to-noise of 3, ranged 
between 0.007 and 0.02 ng mL− 1. The precision of the developed 
method was determined by five consecutive D-µSPE-GC-FID method at 
three concentration levels (0.05, 5, and 100 ng mL− 1), and RSD% were 
in the range of 3.3 to 4.7%. Also, to study the reproducibility of the 
sorbent synthesis (LPOT/CNT nanocomposite), the sorbent in the 
different batches was synthesized for the D-µSPE of OPPs. The repro-
ducibility for different batches was in the range of 3.8–5.0%. As can be 
seen from Table 1, the extraction recoveries (ER%) were 85.8–93.8%. 

3.5. Analysis of real samples 

The D-µSPE-GC-FID method was applied to real water samples (i.e. 
wastewater and river water samples), and fruit juices (i.e. apple and 
peach juice samples) to determine OPPs. The water samples were 
collected in bottles and stored at 4 ◦C in a dark place. The fruit juices 
were obtained from the market and filtrated with cellulose filter mem-
branes of 0.45 μm. As you can see in Table 2, the diazinon was found in 

the river water sample with a concentration of 0.3 ng mL− 1. To inves-
tigate the matrix effect of the various samples, relative recoveries were 
studied at three concentration levels (0.05, 5, and 100 ng mL− 1). The 
relative recoveries of the OPPs ranged from 94.2 to 99.6% and RSDs 
from 3.9 to 5.9%. Therefore, it can be concluded based on the obtained 
results the D-µSPE-GC-FID method is an effective method for the 
extraction and determination of the OPPs in real samples. 

The performance of the D-µSPE-GC-FID method for the extraction of 
OPPs was evaluated by comparing with the obtained results from SPE- 
GC-FID (PEG-CNT coated stainless steel mesh) [5], SPE-HPLC-UV 
(SiO2@Ph4[26]aneN4) [47], SPE-GC–MS (three-dimensional graphene 
aerogel) [48], and MDSPE–DLLME–GC–FID (toner powder) [49] as 
summarized in Table 3. As can be seen from Table 3, the proposed 
method has lower LODs than those of most reported methods. It can be 
seen that there is no significant difference in precision obtained by the 
methods. Also, the D-µSPE-GC-FID method is shown a wide linear range. 
In addition, solvent consumption for desorption of the analytes is dras-
tically reduced compared to other reported methods, which can be a 
highlight point of the proposed method. Consequently, it can be 
concluded that the D-µSPE-GC-FID method is suitable for the determi-
nation of OPPs in water and fruit juice samples. 

4. Conclusion 

In this work, the D-µSPE-GC-FID method was developed base on an 
LPOT/CNT nanocomposite as sorbent for the extraction and determi-
nation of OPPs in fruit juice and water samples. The results exhibited a 
wide linear range, good precision and recovery, and low LODs. The 
synthesized LPOT/CNT nanocomposite showed a higher extraction 
performance than CNTs and LPOT for the extraction of OPPs, due to the 
synergistic effect of CNTs and LPOTs in the nanocomposite. This study 
provides a novel strategy to effectively fabricate advanced nano-
composite composed of CNTs and LPOT that can be used as an effective 
sorbent for extraction of various analytes. 
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Table 3 
Comparison of the current D-µSPE-GC-FID method with other similar methods for the determination of the OPPs.  

Method Sample Analytes LOD (ng 
mL− 1) 

Linear range (ng 
mL− 1) 

Organic solvent 
volume 

RSD 
(%) 

Reference 

SPE-GC-FID (PEG-CNT coated stainless 
steel mesh) 

Water and fruit juice 
samples 

Diazinon 0.01 0.03–80 1 mL 3.8–5.5 [5] 
Fenitrothion 0.02 0.06–80 
Fenthion 0.03 0.08–80 
Phosalone 0.02 0.06–80 
Profenofos 0.03 0.09–80 

SPE-HPLC-UV (SiO2@Ph4[26]aneN4) Tea drinks Fenitrothion 0.1 5–500 2 mL 1.1–4.4 [47] 
Parathion 0.1 5–500 
Fenthion 0.1 5–500 
Phoxime 0.1 5–500 

SPE-GC–MS (three-dimensional graphene 
aerogel) 

Water and fruit juice 
samples 

Fenitrothion 6.218 50–1000 ng g¡1 8 mL 1.2–4.6 [48] 
Fenthion 2.092 50–1000 ng g¡1 

Methidathion 5.045 50–1000 ng g¡1 

Parathion- 
Methyl 

7.816 50–1000 ng g¡1 

MDSPE–DLLME–GC–FID (toner powder) Fruit juices Diazinon 0.15 0.49–5000 1 mL 3–6 [49] 
Chlorpyrifos 0.26 0.87–5000 

D-µSPE-GC-FID (LPOT/CNT 
nanocomposite) 

Water and fruit juice 
samples 

Diazinon 0.007 0.02–200 250 µL 3.3–4.7 This study 
Fenitrothion 0.02 0.05–200 
Fenthion 0.02 0.05–200 
Phosalone 0.02 0.05–200 
Profenofos 0.01 0.03–200  
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