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A novel and sensitive kinetic spectrophotometric method for the determination of malathion has been devel-
oped. The method is based on the oxidation of malathion with slight excess of N-bromosuccinimide (NBS) at
30 °C where unconsumed NBS was monitored with safranine dye spectrophotometerically at λmax 530 nm
using fixed time procedure after 10 min of the reaction. The oxidized product was characterized as malaoxon
by Fourier transformation infrared (FTIR) spectroscopy. Beer's law was obeyed in the concentration range of
0.025–0.25 μg mL−1. Important analytical parameters such as time, temperature, reagents concentration,
and acidity have been optimized for the reaction. Sandell's sensitivity and molar absorptivity for the reaction
system were found to be 0.0003 μg cm−2 and 9.6 × 105 L mol−1 cm−1 respectively. The proposed method
was successfully applied for the determination of malathion in different samples with satisfactory results.
The results were compared with those obtained by GC–MSmethods.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Pesticides have played a major role in the improvement of agricul-
tural production and in the control of many disease vectors in the area
of public health. Pesticides are very much applied to reduce crop losses
and to increase the production of crops such as corn, maize, vegetables,
potatoes, and cotton. The use of pesticides increased worldwide many
folds from the 1960s [1,2]. However, their harmful effects on environ-
mental quality and human health have been observed and have become
a prominent issue as amatter of great concern at local, regional, national
and global levels [1,3]. The residues of pesticides retained in the crops
through soil and water, enter the food chain and are consumed by
human through foodstuffs and drinking water [3–5]. These retained
pesticides also contribute to biodiversity losses and deterioration of
natural habitats [6]. Therefore many researches relating to detection
and determination of pesticides retention in soil, sediment, plant,
vegetable, grain and water samples have regularly been carried out
[7–19].

Organophosphorus pesticides (OPPs) are a class of chemicals
i.e. organic esters of phosphoric acid, thiophosphoric acid and other
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phosphoric acids. Due to their high insecticidal activity, OPPs
have widely been used in agriculture as insecticides and acaricides as
the replacement for persistent organochlorinated pesticides [20–23].
However, they are toxic organic chemicals, which can irreversibly
inhibit acetylcholinesterase that is essential for the function of the
central nervous system [24,25].

Malathion i.e. di-ethyl2-[(dimethoxyphosphorothioyl)sulfanyl]
butanedioate (Structure 1) is commonly referred to as OPP, is used
as insecticides for insect control on fruits and vegetables. Asmalathi-
on is being used in an outdoor environment, it easily enters in residential
homes. However, studies by the United States Environmental Protection
Agency (USEPA) have estimated that the exposure by this way is lesser
than that of the toxic dose of malathion [8]. It is often recommended to
keep windows closed and air conditioners turned off while spraying for
pest control is carried out to minimize the entry of malathion into the
closed environment like residential homes [2]. Malathion was first regis-
tered for use in the United States of America in 1956 by the United States
Department of Agriculture (USDA), and it is now regulated by USEPA
[18]. It is a non-systemic wide-spectrum organophosphate insecticide
and one of the earliest organophosphate insecticides. It is used for the
control of sucking and chewing insects on fruits and vegetables,
and also to control mosquitoes, flies, household insects, animal
parasites, etc. [18]. However, the pesticide, malathion, residue is
a potentially serious hazard to human health, and thus its detec-
tion and control play an important role in minimizing risk to
human [26,27].
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Structure 1. Chemical structure of malathion.
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In the last few years many methods have been developed for the
determination of various OPPs. The most widely used methods for its
detection and determination are: gas chromatography (GC) [28–30],
high-performance liquid chromatography (HPLC) [31,32], gas chroma-
tography–mass spectrometry (GC–MS) [33], immune assay andfluores-
cence [34,35], chemiluminescence [36–38], electron-capture detector
(ECD) [39], supercritical fluid extraction (SFE) and microwave solvent
extraction (MSE) [40]. These methods are accurate and selective, but
they require relatively expensive instrumentation and highly skilled
technicians. Therefore, the development of inexpensive and sensitive
method for the determination of malathion is still desirable.

Wehave been interested in developing analyticalmethods for various
analytes of environmental, biological and medicinal interests [41–53].
The search for a selective, rapid, accurate and economic method for
the determination of toxic malathion led us to an investigation of its ox-
idation by N-bromosuccinimide (NBS). To the best of our knowledge no
studies on analytical method have been reported on the determination
of malathion based on its oxidation with NBS. Therefore, in continuation
of our interest in developing analytical methods, the present method
is based on the oxidation of malathion with slight excess of NBS where
unconsumed NBS was monitored with safranine dye spectrophoto-
meterically at λmax 530 nm using fixed time procedure after 10 min of
the reaction. The oxidized product of malathion was also characterized
by Fourier transformation infrared (FTIR) spectroscopy. The proposed
method is simple and inexpensive andwas applied for the determination
of malathion in vegetable and water samples with satisfactory results.
The results obtained by the proposed method were also compared with
those obtained by GC–MS methods.

2. Experimental

2.1. Reagents

All reagents used were of analytical grade and all the solutions
were prepared in distilled deionized water. The stock solution of
malathion (Northern Minerals Ltd., India) was prepared by dissolving
100 mg of insecticide (technical forms and formulations) in minimum
amount of glacial acetic acid (E. Merck, Mumbai, India) and diluted
to 100 mL with distilled deionized water. Working standards were
Table 1
Determination of malathion in pesticide free vegetable samples under the conditions: HCl
(2.0 mol L−1), NBS (5 × 10−2 mol L−1), safranine (1 × 10−2 mol L−1) and malathion
(1 μg mL−1) at 30 °C.

Samplesa Amt. added (μg) Amt. found (μg)b Recovery (%)

Cauliflower 30.0 28.55 95.16
50.0 48.67 97.34
70.0 69.21 98.87

Cabbage 30.0 29.10 97.00
50.0 49.32 98.64
70.0 68.93 98.47

Spinach 30.0 28.83 96.10
50.0 48.88 97.76
70.0 69.01 98.58

a Amount of sample: 25 g.
b Mean of three replicate analysis.
prepared by appropriate dilution. N-bromosuccinimide (E. Merck,
Mumbai, India) 5 × 10−2 mol L−1, safranine (E. Merck, Mumbai,
India) 1 × 10−2 mol L−1 and hydrochloric acid (E. Merck, Mumbai,
India) 2 mol L−1 were also prepared in distilled deionized water.

2.2. Apparatus

A Systronics spectrophotometer 166 with 1 cm quartz cuvette was
used for absorbance and spectral measurements. PerkinElmer Spectrum
RX-I FTIR and GC–MS (JEOL-JMS, Mate-MS system at Bose Institute,
Centenary Campus, Kankurgachi, Kolkata) were used in spectrum and
data comparison. A thermostatic water bath model MSW-273 (MAC
Macro ScientificWorks Pvt. Ltd., India) was used to control the tempera-
ture of the reaction system. The pH measurements were made with
Systronics digital pH meter model 335.

2.3. Procedure

2.3.1. Preparation of calibration curve
Aliquots of standard solution containing 0.025–0.25 μg mL−1 of

malathion were transferred into a series of 10 mL calibrated flasks, to
which 1 mL of NBS and 2 mL of 2 mol L−1 HCl solution were added in
sequence. The solution was mixed and kept for 10 min at 30 °C with
occasional shaking followed by the addition of 1 mL of safranine solution
and mixed thoroughly. A blank without pesticide was prepared in the
similar manner. The absorbance was measured at 530 nm against the
reagent blank using fixed time procedure after 10 min of the reaction.
The decrease in absorbance of dye i.e. safranine corresponding to the
consumed oxidant reflected themalathion concentration. The calibration
curve was prepared by plotting the decrease in absorbance of safranine
against concentration of the malathion.

2.3.2. Determination of malathion pesticide spiked samples
To check the recoveries of malathion pesticide, vegetable samples

free from malathion pesticides, were taken and fortified with a known
amount of the malathion pesticide and kept for 24 h. The vegetable
samples were then washed with ethanol. Twenty different percentage
proportions of ethanol were tested for the extraction of malathion.
The extraction was not completed as long as alcohol was less than
85% but above 85% alcohol, no change in malathion concentration was
observed. Thus 85% of ethanol was used for the best extraction recovery
results. The washings from different samples were collected and
evaporated to dryness and residue was dissolved in 0.1% acetic acid.
Aliquots of these washings were used for the determination of malathi-
on pesticide by the proposed method. The recovery results have been
summarized in Table 1. The proposed method was successfully applied
for the determination of malathion in vegetable samples.

3. Results and discussion

As shown in reaction Scheme 1, malathion reacts with N-
bromosuccinimide in the presence of acidicmedium to formmalaoxon
(oxidized form of malathion). Thus the malathion was reacted with
excess NBS and the unconsumed NBS was then determined by decrease
in color intensity of safranine i.e. by measuring absorbance at 530 nm.

3.1. FTIR characterization of the oxidized product of malathion

The chemical bonds inmalathion are potentially reactive under dif-
ferent suitable reaction conditions giving different products. Thus, var-
ious possible pathways have been shown resulting in sulfur–carbon
bond cleavage proceeding through an elimination reaction that gives O,
O-dimethyl phosphorodithioic acid and diethyl fumarate [54]. Diethyl
thiomalate and O,O-dimethyl phosphorothionic acid are obtained
due to phosphorus–sulfur bond cleavage by water or hydroxide,
which would be in equilibrium with its tautomer, O,O-dimethyl
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phosphorothiolic acid [54]. It has also been reported that carboxyl ester
hydrolysis gives two possible products, malathion α- and β-monoacids
[55]. Another potential reaction under suitable conditions would be the
oxidation of the sulfur–phosphorus double bond to give malaoxon and
is shown in Scheme 1 (first reaction) [56]. The detection of the oxidized
product (malaoxon) was performed by its FTIR. The FTIR spectrum of
malathion was recorded in 450–4000 cm−1 region and is shown in
Fig. 1. The bands located at 3436 cm−1, 1730 cm−1, and 1030 cm−1

are the most intense ones. The signal at 3436 cm−1 is due to the
stretching of O\H bond (hydroxyl group). The absorption around
2350 cm−1 and 2062 cm−1 is due to the CH3 group and stretching
of S\H bond respectively. Absorption at 1730 cm−1 is due to the
stretching of carbonyl of the ester group and at 1637 cm−1 is due to
C_C group. The absorptions around 1453 cm−1 and 1365 cm−1 are
due to the various vibrational modes of \CH2 and \CH3 groups.
The intense band at 1030 cm−1 is due to stretching of P\OCH3 group
Scheme 1. Reaction of malathion with N-bromosu
and at 690 cm−1 is due to P\S bond. The oxidation of malathion was
confirmed by measuring the decrease in the intensity of these bands.

3.2. Spectral characteristics and method validation

The maximum absorption (λmax) of safranine was found to be at
530 nm against deionized water (Fig. 2). As shown in Fig. 3, Beer's
law was obeyed over the malathion concentration range of 0.025 to
0.25 μg mL−1. The molar absorptivity and Sandell's sensitivity were
found to be 9.6 × 105 L mol−1 cm−1 and 0.0003 μg cm−2, respectively
where stability of safranine color was 24 h. The coefficient of determina-
tion (R2) evaluated by least square regression analysis was found to be
0.999 (Fig. 3). To check the precision of the method, three different con-
centrations of malathion (within the calibration limits) were analyzed in
five replicates during the same day (intra-day precision) and five consec-
utive days (inter-day precision). The relative standard deviation values of
ccinimide and reaction of NBS with safranine.



Fig. 1. FTIR spectrum of malathion pesticide.
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intra-day (0.61–2.40%) and inter-day (0.48–1.04%) studies showed that
the precision of the proposed method was very good.

3.3. Effect of acid concentration

The effects of various acids of same concentration such as hydro-
chloric acid, sulfuric acid, acetic acid, and nitric acid were studied.
The hydrochloric acid was found to be the most suited for the
oxidation of malathion by NBS. Thus the effect of [HCl] on obtaining
maximum sensitivity was investigated with 5 × 10−2 mol L−1 NBS
and 1 × 10−2 mol L−1 safranine for reaction at 30 °C and is shown
in Fig. 4. The results showed that 2.0 mL of 2.0 mol L−1 hydrochloric
acid gave the best result in the determination of malathion. Thus
2.0 mL of 2.0 mol L−1 hydrochloric acid was selected for further study
in the determination of malathion.

3.4. Effect of N-bromosuccinimide concentration

The effect of NBS concentration on the oxidation ofmalathionwas in-
vestigated with 2.0 mol L−1 hydrochloric acid and 1 × 10−2 mol L−1

safranine at 30 °C. The effect of [NBS] was studied by varying [NBS] in
the range 1.0 × 10−2 to 7.0 × 10−2 mol L−1 and the results obtained
are shown in Fig. 5. According to the results, 5.0 × 10−2 mol L−1 NBS
Fig. 2.Absorption spectrum of reagent blank (no peak) and spectrum of the reaction system
containing HCl (2.0 mol L−1), NBS (5 × 10−2 mol L−1), safranine (1 × 10−2 mol L−1),
and malathion (1 μg mL−1) at 30 °C.
concentration was required for complete oxidation of malathion and
thus selected for further study.

3.5. Effect of safranine concentration

The effect of safranine concentration was investigated in the
range 1.0 × 10−1 to 5.0 × 10−2 mol L−1. This study was conducted in
the presence of 2.0 mol L−1 HCl and 5.0 × 10−2 mol L−1 NBS at 30 °C
and the results are shown in Fig. 6 where a decrease in absorbance
was observed with an increase in [safranine]. This may be due to the
aggregation of the dye at higher concentration. According to the results,
1.0 × 10−2 mol L−1 safranine concentration was selected throughout
the study.

3.6. Effects of temperature, time and pH

The effect of temperature on the reaction was studied by varying in
the range of 10 to 50 °C under the optimized reagent's concentrations.
As shown in Fig. 7, temperature range of 25–50 °C had no pronounced
effect on the oxidation reaction so the temperature 30 °C was selected
and maintained throughout the study. It was also found that 10 min
was required for the complete oxidation of malathion as no change in
Fig. 3. Calibration data for the determination of malathion, under the conditions: HCl
(2.0 mol L−1), NBS (5 × 10−2 mol L−1), safranine (1 × 10−2 mol L−1), and malathion
(1 μg mL−1) at 30 °C.

image of Fig.�2
image of Fig.�1


Fig. 7. Effect of temperature on the sensitivity of the reaction systemunder the conditions:
HCl (2.0 mol L−1), NBS (5 × 10−2 mol L−1), safranine (1 × 10−2 mol L−1), and malathion
(1 μg mL−1) at 30 °C.

Fig. 6. Effect of safranine concentration under the conditions: HCl (2.0 mol L−1), NBS
(5 × 10−2 mol L−1), and malathion (1 μg mL−1) at 30 °C.

Fig. 4. Effect of HCl concentration under the conditions: NBS (5 × 10−2 mol L−1),
safranine (1 × 10−2 mol L−1), and malathion (1 μg mL−1) at 30 °C.
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absorbance was observed after 10 min. The effect of pH is shown in
Fig. 8 which clearly shows the highest absorbance change at pH ~3.0–
3.5. Thus under the optimum conditions, the absorbance wasmeasured
at pH 3.0–3.5.

3.7. Effect of foreign species

In order to evaluate the analytical applicability of the proposed
method, the influences of various ions, several organic and inorganic
compounds and pesticides were also examined under the optimum
conditions by the proposed method. The effect of expected interfering
species was studied on the determination of 0.1 μg mL−1 malathion in
the reaction mixture. A variation of ±2% in the absorbance value was
considered tolerable. The resultswith tolerance limits of various expected
interfering species are shown in Table 2. It was found that sensitivity of
the determination based on proposed reaction system was not affected
by most of the interfering species.

4. Applications

To evaluate the applicability of the proposed method to the real
samples, malathion was determined in various vegetable and water
samples.

4.1. Determination of malathion in vegetable samples

Various vegetable samples were collected from treated agricultural
field i.e. where malathion was sprayed. The malathion was estimated in
Fig. 5. Effect of N-bromosuccinimide concentration under the conditions: HCl (2.0 mol L−1),
safranine (1 × 10−2 mol L−1), and malathion (1 μg mL−1) at 30 °C.
random sampling. The samples were weighed, macerated with ethanol
and deionized water (1:1) and then filtered through a thin cotton
cloth. The filtrate was centrifuged at 1850 g for 15 min. Due to the pres-
ence of organic matter in the plants, the greenish yellow filtrate was
passed through a silica gel column 1 × 10 cm (diameter × length) to
remove chlorophyll and other interfering materials. The column was
eluted with 10 mL ethanol. Washings were collected and analyzed for
malathion concentration by the proposed method. The results were
compared with reported GC–MS method [57] and are reported in
Table 3.
Fig. 8. Effect of pH on the reaction system under the conditions: HCl (2.0 mol L−1), NBS
(5 × 10−2 mol L−1), safranine (1 × 10−2 mol L−1), andmalathion (1 μg mL−1) at 30 °C.
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Table 3
Application of themethod for the determination of malathion (μg)a in real samples under
the reaction conditions given in Table 1.

Samples Proposed method GC–MS method [57]

Cauliflowerb 4.67 ± 0.02 4.98 ± 0.03
Cabbageb 3.87 ± 0.02 4.00 ± 0.02
Spinachb 4.23 ± 0.03 4.66 ± 0.06
Agricultural waste water Ac 4.56 ± 0.01 5.00 ± 0.02
Agricultural waste water Bc 3.34 ± 0.06 3.73 ± 0.03

a Mean ± standard deviation of five replicated.
b Amount of vegetable sample, 10 g from field where malathion was sprayed.
c Volume of water sample, 5 mL from field where malathion was sprayed.

Table 2
Effect of foreign species on the determination of malathion pesticides (0.1 μg mL−1)
under the reaction conditions given in Table 1.

Foreign species Tolerance limit (μg mL−1)a

SO4
−, CO3

−, CH3COO−, benzene 1000
Fe2+ 580
Se4+ 500
Aniline 250
Cr3+ 200
Zn2+b 100
Dithiocarbamate pesticides 40
Carbamate pesticides 15
Br−c, I−c 10
Phenol 8

a Causing (±) 2% error in absorbance value,
b Masked with 0.1% EDTA solution,
c Removed by the addition of nitric acid as well as boiling the solution.
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4.2. Determination of malathion in water samples

Two water samples were collected from the agricultural field
where malathion was used as a pesticide. Water was filtered through a
Whatman filter paper no. 40. The filter paper was washed repeatedly
with deionized distilled water collecting filtrate. The collected aliquot
of the filtrate was analyzed by proposed procedure as described
in Section 4.1. Results were compared with GC–MS method [57] and
are given in Table 3.

5. Conclusion

The oxidation efficiency of NBS in aqueous solution has shown that
the selective oxidation of malathion to malaoxon can be achieved based
onwhich a reliable and rapidmethod for the determination of malathion
has been proposed. The method was found to be more sensitive, simple
and selective as compared with literature reported spectrophotometric
methods for the determination of malathion pesticides [2,21,58–61]
(Table 4). The less time consumption, rapidity, stability and easy avail-
ability of the reagent and freedom from a large group of interfering
Table 4
Comparison of the proposed method with other spectrophotometric methods for the determin

Reagents Medium λmax Beer's law

Ammonium metavanadate Acidic/alkaline 760 11.00
Ammonium molybdate/methylene blue Acidic 640 0.02–0.16
Rhodamine B Acidic 558 0.1–1.00

Chromotrope 2R/rhodamine 6G/amaranth Acidic 528
525
520

0.1–4.20

Guaiacol Acidic/alkaline 470 0.6–8.00
Malonyl dihydrazide Acidic 820

780
0.45–3.20

NBS and safranine Acidic 530 0.025–0.25
species are some distinct advantages of the proposed method Table 4.
The proposed method was applied for the determination of malathion
in various vegetable and water samples with satisfactory results. The re-
sults were compared with those obtained by GC–MS methods (Table 3).
Acknowledgment

The authors gratefully acknowledge Panjab University, Chandigarh
for sophisticated analytical instrumentation facility for FTIR studies,
Dr. Ira Nimdeokar P.G. & Research Centre for Chemistry, Hislop College,
Nagpur, Maharashtra, and Department of Chemistry (DST-FIST
Sponsored), Govt. V.Y.T. P.G. Autonomous College, Durg, Chhattisgarh,
India for providing laboratory facilities. The authors are also thankful
to Northern Minerals Ltd., India for providing the malathion sample
as gift.
References

[1] M.R. Bonner, J. Coble, A. Blair, L.E.B. Freeman, J.A. Hoppin, D.P. Sandler, M.C.R.
Alavanja, Malathion exposure and the incidence of cancer in the agricultural health
study, Am. J. Epidemiol. 166 (2007) 1023–1034.

[2] N.V.S. Venugopal, B. Sumalatha, Syedabano, Spectrophotometric determination
of malathion in environmental samples, E-J. Chem. 9 (2012) 857–862.

[3] T. Yadamari, K. Yakkala, G. Battala, R.N. Gurijala, Biosorption of malathion from
aqueous solutions using herbal leaves powder, Am. J. Anal. Chem. 2 (2011)
37–45.

[4] X.G. Chu, X.Z. Hu, H.Y. Yao, Determination of 266 pesticide residues in apple juice
bymatrix solid-phase dispersion and gas chromatography–mass selective detection,
J. Chromatogr. A 1063 (2005) 201–210.

[5] C.J. Wang, Z.Q. Liu, Foliar uptake of pesticides—present status and future challenge,
Pesticide Biochem. Physiol. 87 (2007) 1–8.

[6] M.A. Beketov, B.J. Kefford, R.B. Schäfer, M. Liess, Pesticides reduce regional bio-
diversity of stream invertebrates, Proc. Natl. Acad. Sci. 110 (2013) 11039–11043.

[7] H. Berrada, G. Font, J.C. Moltó, Determination of urea pesticide residues in vegetable,
soil, andwater samples, Crit. Rev. Anal. Chem. 33 (2003) 19–41(and references cited
therein).

[8] S.M. Waliszewsky, V.T. Pardío, K.N. Waliszewsky, J.N. Chantiri, Low cost monitoring
method for organophosphorus and carbamate pesticide residues determination,
Rev. Int. Contam. Ambient. 13 (1997) 41–45.

[9] S.Z.U. Hassan, J. Militky, Acetylcholinesterase based detection of residual pesticides
on cotton, Am. J. Anal. Chem. 3 (2012) 93–98.

[10] N.A. Ghalwa, H.M. Abu-Shawish, M. Hamada, K. Hartani, A.A.H. Basheer, Studies on
degradation of diquat pesticide in aqueous solutions using electrochemical method,
Am. J. Anal. Chem. 3 (2012) 99–105.

[11] A. Sassolas, B. Prieto-Simón, J.L. Marty, Biosensors for pesticide detection: new
trends, Am. J. Anal. Chem. 3 (2012) 210–232.

[12] A. Kouzayha, A.R. Rabaa, M.A. Iskandarani, D. Beh, H. Budzinski, F. Jaber,
Multiresidue method for determination of 67 pesticides in water samples using
solid-phase extraction with centrifugation and gas chromatography–mass spec-
trometry, Am. J. Anal. Chem. 3 (2012) 257–265.

[13] K.A. Osman, A.I. Al-Humaid, S.M. Al-Rehiayani, K.N. Al-Redhaiman, Estimated daily in-
take of pesticide residues exposure by vegetables grown in greenhouses in Al-Qassim
region, Saudi Arabia, Food Control 22 (2011) 947–953.

[14] M.A. Shreadah, T.O. Said, I.M. Othman, E.M.I. Fathallah,M.E.Mahmoud, Polychlorinated
biphenyls and chlorinated pesticides in sediments along the semi-closed areas of
Alexandria, Egypt, J. Environ. Prot. 3 (2012) 141–149.

[15] M.T. Alhattab, A.E. Ghaly, Sequential remediation processes for a low level pesticide
wastewater, J. Environ. Prot. 3 (2012) 150–163.
ation of malathion.

range (ppm) Remarks [Ref]

Less sensitive [2]
Extractive, required more solvent [21]
Zn2+, Cu2+, Mn2+, Cd2+, Ni2+,
phenol had interference

[58]

Costly reagents used [59]

Time consuming [60]
Extractive, interfere with ions [61]

Oxidized product was characterized by FTIR.
More sensitive, selective and free from
interference of Cr3+, Br− and pesticides

Present method

http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0005
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0005
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0005
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0290
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0290
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0015
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0015
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0015
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0020
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0020
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0020
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0025
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0025
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0030
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0030
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0295
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0295
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0295
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0035
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0035
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0035
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0300
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0300
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0305
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0305
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0305
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0045
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0045
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0050
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0050
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0050
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0050
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0055
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0055
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0055
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0060
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0060
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0060
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0065
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0065


89G.P. Pandey et al. / Microchemical Journal 113 (2014) 83–89
[16] C.O. Ogah, H.B. Coker, A.A. Adepoju-Bello, Organophosphate and carbamate pesti-
cide residues in beans from markets in Lagos State, Nigeria, J. Innov. Res. Eng. Sci.
2 (2011) 50–61.

[17] E. Chamberlain, H. Shi, T. Wang, Y. Ma, A. Fulmer, C. Adams, Comprehensive screen-
ing study of pesticide degradation during drinking water disinfection, J. Agric. Food
Chem. 60 (2012) 354–363.

[18] J.A. Gervais, B. Luukinen, K. Buhl, D. Stone, Malathion Technical Fact Sheet, National
Pesticide Information Center, Oregon State University Extension Services, USA,
2009. http://npic.orst.edu/factsheets/malatech.pdf. (Accessed on 28 September
2013 and references cited therein).

[19] Z. Farkas, Z. Horváth, K. Kerekes, Á. Ambrus, A. Hámos, M.S. Szabó, Estimation of
sampling uncertainty for pesticide residues in root vegetable crops, J. Environ. Sci.
Health B 49 (2014) 1–14.

[20] R.K. Singhal, B. Gangadhar, H. Basu, V. Manisha, G.R.K. Naidu, A.V.R. Reddy, Remedi-
ation of malathion contaminated soil using zero valent iron nano particles, Am. J.
Anal. Chem. 3 (2012) 76–82.

[21] J.V. Das, K.N. Ramachandran, V.K. Gupta, Extractive spectrophotometric determina-
tion of dimethoate with molybdate and methylene blue by a flotation–dissolution
method, Analyst 119 (1994) 1387–1390.

[22] Y. Liu, Y. Lou, D. Xu, G. Qian, Q. ZHang, R. Wu, B. Hu, F. Liu, Y. Liu, Y. Lou, D. Xu, G.
Qian, Q. Zhang, R. Wu, B. Hu, F. Liu, Production and characterization of monoclonal
antibody for class-specific determination of O, O-dimethyl organophosphorus
pesticides and effect of heterologous coating antigens on immunoassay sensitivity,
Microchem. J. 93 (2009) 36–42.

[23] A.F. Li, X.Y. Liu, J. Kong, H.Y. Hu, L.H. Sun, Z. Qian, Determination of organophospho-
rous pesticide phosphamidon in environmental water with luminol chemilumines-
cence detection, J. Assoc. Off. Anal. Chem. Int. 92 (2009) 914–918.

[24] K. Taira, Y. Aoyama, M. Kawamata, Long QT and ST–T change associated with
organophosphate exposure by aerial spray, Environ. Toxicol. Pharmacol. 22
(2006) 40–45.

[25] I. Shigeaki, S. Takeshi, M. Hiroyasu, S. Yosuke, T. Kensuke, Y. Isotoshi, I. Sadaki, Rapid
simultaneous determination for organophosphorus pesticides in human serum by
LC–MS, J. Pharm. Biomed. Anal. 44 (2007) 258–264.

[26] B.X. Li, Y.Z. He, C.L. Xu, Simultaneous determination of three organophosphorus
pesticides residues in vegetables using continuous-flow chemiluminescence with
artificial neural network calibration, Talanta 72 (2007) 223–230.

[27] A.W. Bourquin, Degradation of malathion by salt-marsh microorganisms, Appl. En-
viron. Microbiol. 33 (1977) 356–362.

[28] F. Ahmadi, Y. Assadi, M. Rezaee, Determination of organophosphorus pesticides
in water samples by single drop microextraction and gas chromatography flame
photometric detector, J. Chromatogr. A 1101 (2006) 307–312.

[29] Y. Jin, J.B. Yao, H.B. Fu, W. Pan, Q.H. Geng, W. Ma, Rapid determination of organo-
phosphorus pesticide residues in vegetables and fruits by gas chromatography,
Chin. J. Health Lab. Technol 17 (2007) 1153–1154.

[30] S.X. Li, W.X. Huang, M. Chen, Determination of chlorpyrifos in water by gas chroma-
tography, J. Environ. Health 23 (2006) 458–459.

[31] A. Benno, C. Ruud, J. Rob, G. Hans, M. Odile, Determination of polar organophospho-
rus pesticides in aqueous samples by direct injection using liquid chromatography–
tandem mass spectrometry, J. Chromatogr. A 918 (2001) 67–78.

[32] P. Martha, L. María, A validatedmatrix solid-phase dispersionmethod for the extrac-
tion of organophosphorus pesticides from bovine samples, Food Chem. 114 (2009)
1510–1516.

[33] J.Z. Lu, C. Lau, M.K. Lee, M. Ka, Simple and convenient chemiluminescence method
for the determination of melatonin, Anal. Lett. 455 (2002) 193–198.

[34] K. Suvardhan, K. Kumar, P. Chiranjeevi, Determination of quinalphos using
fluorescein in environmental samples, Environ. Monit. Assess. 108 (2005)
217–227.

[35] I.D. Meras, A.M. de la Pena, M.I. Acedo-Valenzuela, A.J. Giron, Stopped-flow and
kinetic-fluorimetric determination of quinalphos in water samples, Talanta 69 (2006)
397–402.

[36] A.M. Jose, A.M. Aurelia, F.L. Pablo, Automatic chemiluminescence-based
determination of carbaryl in various types of matrices, Talanta 68 (2006)
586–593.

[37] C. Lau, J.Z. Lu, M. Kai, Chemiluminescence determination of tetracycline based on
radical production in a basic acetonitrile–hydrogen peroxide reaction, Anal. Lett.
503 (2004) 235–239.

[38] B. Li, Z. Zhang, Y. Jin, Plant tissue-based chemiluminescence flow biosensor for
glycolic acid, Anal. Chem. 73 (2001) 1203–1206.
[39] H.L.V. Capobiango, Z.L. Cardeal, A solid-phase microextraction method for the chro-
matographic determination of organophosphorus pesticides in fish, water, potatoes,
guava and coffee, J. Braz. Chem. Soc. 16 (2005) 907–914.

[40] H.E. Mohamed, A.A. Saleh, Monitoring of pesticide residues in Riyadh dates by SFE,
MSE, SFC, and GC techniques, Arab. J. Chem. 3 (2010) 179–186.

[41] R.M. Naik, S. Prasad, B. Kumar, S.B.S. Yadav, A. Asthana, M. Yoshida, Ligand substitu-
tion kinetic assay of antitubercular drug isoniazid in pure and pharmaceutical
formulations, Microchem. J. 111 (2013) 108–115.

[42] R.M. Naik, S. Prasad, B. Kumar, V. Chand, Kinetic assay of D-penicillamine in pure
and pharmaceutical formulations based on ligand substitution reaction, Microchem.
J. 111 (2013) 97–102.

[43] S. Prasad, A.A. Chetty, Flow injection assessment of nitrate contents in
fresh and cooked fruits and vegetables grown in Fiji, J. Food Sci. 78 (2011)
C1143–C1148.

[44] V. Chand, S. Prasad, R. Prasad, Distribution and chemical fractionation of arsenic in
surficial sediments of the Lami coastal environment in Fiji South Pacific, J. Nat.
Appl. Sci. 28 (2010) 78–81.

[45] R. Prasad, R. Kumar, S. Prasad, A fluorescence quenching-based sensor using new
metallo-tetraazaporphyrin dye as a recognition element for aniline assay in aqueous
solutions, Anal. Chim. Acta 646 (2009) 97–103.

[46] R.M. Naik, A. Agarwal, S. Prasad, Determination of trace amounts of mercury(II) in
water samples using a novel kinetic catalytic ligand substitution reaction of
hexacyanoruthenate(II), Spectrochim. Acta A 74 (2009) 887–891.

[47] V. Chand, S. Prasad, Trace determination and chemical speciation of selenium in
environmental water samples using catalytic kinetic spectrophotometric method,
J. Hazard. Mater. 165 (2009) 780–788.

[48] S. Prasad, R.M. Naik, A. Srivastava, Application of ruthenium catalyzed oxidation of
[tris(2-aminoethyl)amine] in trace determination of ruthenium in environmental
water samples, Spectrochim. Acta A 70 (2008) 958–965.

[49] S. Prasad, Kinetic determination of organosulphur ligands by inhibition: trace deter-
mination of cysteine and maleonitriledithiolate (MNDT), Microchem. J. 85 (2007)
214–221.

[50] S. Prasad, Kinetic determination of mercury(II) at trace level from its catalytic effect
on a ligand substitution process, J. Anal. Chem. 60 (2005) 581–588.

[51] S. Prasad, Kinetic method for determination of nanogram amounts of copper(II) by
its catalytic effect on hexacyanoferrate(III)–citric acid indicator reaction, Anal. Chim.
Acta 540 (2005) 173–180.

[52] S. Prasad, Catalytic abstraction of cyanide in hexacyanoferrate(II) by mercury(II) in
the presence of α‐nitroso-β-naphthol as indicator reaction for determination of
mercury(II) by kinetic method, Anal. Lett. 37 (2004) 2851–2867.

[53] S. Prasad, T. Halafihi, Development and validation of catalytic kinetic spectrophotomet-
ric method for determination of copper(II), Microchim. Acta 142 (2003) 237–244.

[54] N.L. Wolfe, R.G. Zepp, J.A. Gordon, G.L. Baughman, D.M. Cline, Kinetics of chemical
degradation of malathion in water, Environ. Sci. Technol. 11 (1977) 88–93.

[55] M. Khanmohammadi, M.A. Karimi, K. Ghasemi, M. Jabbari, A.G. Bagheri, Quanti-
tative determination of malathion in pesticide by modified attenuated total
reflectance-Fourier transform infrared spectrometry applying genetic algorithm
wavelength selection method, Talanta 72 (2007) 620–625.

[56] M.B. Kralj, P. Trebše, M. Franko, Oxidation as a pre-step in determination of
organophosphorus compounds by the AChE-TLS bioassay, Acta Chim. Slov.
53 (2006) 43–51.

[57] A. Aguera, L. Piedra, M.D. Hernando, A.R. Fernandez-Alba, M. Contreras, Multiresidue
method for the analysis of five antifouling agents in marine and coastal waters by
gas chromatography–mass spectrometry with large-volume injection, Analyst 125
(2000) 1397–1402.

[58] S.B. Mathew, A.K. Pillai, V.K. Gupta, A rapid spectrophotometric assay of some
organophosphorus pesticide residues in vegetable samples, Spectrochim. Acta A 67
(2007) 1430–1432.

[59] A.A. Gouda, A.S. Amin, R.E. Sheikh, A.A. Magda, Sensitive spectrophotometric
methods for determination of some organophosphorus pesticides in vegetable
samples, Chem. Ind. Chem. Eng. Q. 16 (2010) 11–18.

[60] P. Shivhare, J. Raju, V.K. Gupta, Some observations on a new spectrophotometric
method for the determination of O, O-dimethyl O-p-nitrophenyl thiophosphate
(parathion-methyl) residues in plant materials and soil, Microchem. J. 42 (1990)
283–287.

[61] J. Raju, V.K. Gupta, A new extractive spectrophotometric method using malonyl
dihydrazide for the determination of organophosphorus pesticides in surface
residues, Microchem. J. 39 (1989) 166–171.

http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0070
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0070
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0070
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0075
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0075
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0075
http://npic.orst.edu/factsheets/malatech.pdf
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0080
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0080
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0080
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0085
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0085
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0085
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0090
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0090
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0090
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0095
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0095
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0095
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0095
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0095
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0100
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0100
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0100
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0105
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0105
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0105
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0110
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0110
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0110
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0115
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0115
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0115
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0120
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0120
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0125
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0125
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0125
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0130
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0130
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0130
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0135
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0135
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0140
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0140
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0140
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0145
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0145
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0145
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0150
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0150
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0155
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0155
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0155
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0315
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0315
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0315
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0165
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0165
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0165
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0170
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0170
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0170
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0175
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0175
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0320
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0320
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0320
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0185
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0185
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0190
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0190
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0190
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0195
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0195
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0195
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0195
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0195
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0200
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0200
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0200
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0205
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0205
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0205
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0210
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0210
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0210
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0215
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0215
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0215
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0220
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0220
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0220
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0225
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0225
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0225
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0230
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0230
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0230
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0325
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0325
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0235
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0235
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0235
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0240
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0240
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0240
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0245
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0245
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0250
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0250
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0255
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0255
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0255
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0255
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0260
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0260
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0260
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0265
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0265
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0265
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0265
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0270
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0270
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0270
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0275
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0275
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0275
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0280
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0280
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0280
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0280
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0285
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0285
http://refhub.elsevier.com/S0026-265X(13)00209-9/rf0285

	A novel and sensitive kinetic method for the determination of malathion using chromogenic reagent
	1. Introduction
	2. Experimental
	2.1. Reagents
	2.2. Apparatus
	2.3. Procedure
	2.3.1. Preparation of calibration curve
	2.3.2. Determination of malathion pesticide spiked samples


	3. Results and discussion
	3.1. FTIR characterization of the oxidized product of malathion
	3.2. Spectral characteristics and method validation
	3.3. Effect of acid concentration
	3.4. Effect of N-bromosuccinimide concentration
	3.5. Effect of safranine concentration
	3.6. Effects of temperature, time and pH
	3.7. Effect of foreign species

	4. Applications
	4.1. Determination of malathion in vegetable samples
	4.2. Determination of malathion in water samples

	5. Conclusion
	Acknowledgment
	References


