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Abstract A simple, rapid and sensitive spectrofluori-
metric method was developed for the determination of di-
syston, ethion and phorate in environmental water samples.
The procedure is based on the oxidation of these pesticides
with cerium (IV) to produce cerium (III), and its fluores-
cence was monitored at 368 £ 3 nm after excitation at
257 £ 3 nm. The variables effecting oxidation of each
pesticide were studied and optimized. Under the experi-
mental conditions used, the calibration graphs were linear
over the range 0.2-15, 0.1-13, 0.1-13 ng mL~! for di-
syston, ethion and phorate, respectively. The limit of
detection and quantification were in the range 0.034-0.096
and 0.112-0.316 ng mL ™", respectively. Intra- and inter-
day assay precisions, expressed as the relative standard
deviation (RSD), were lower than 5.2 % and 6.7 %,
respectively. Good recoveries in the range 86 %—108 %
were obtained for spiked water samples. The proposed
method was applied to the determination of studied pesti-
cides in environmental water samples.

Keywords Di-syston - Ethion - Phorate - Cerium -
Environmental water samples - Spectrofluorimetry

Organothiophosphates (OTPs) with a thiophosphoryl (P=S)
functional group constitute a broad class of widely used
OPPs insecticides. These compounds are used frequently in
agricultural lands worldwide and has resulted highly toxic
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residuals in crops, livestock, and poultry products which
has further led to their migration into underground aquifers
(Parham and Saeed 2015). These compounds are highly
toxic to human health and are powerful inhibitors of
acetylcholinesterase (AChE) enzyme, causing accumula-
tion of acetylcholine at nerve endings in the peripheral or
central nervous system (Parham and Saeed 2015; Khaled
et al. 2014).

The utilization of Organophosphorus pesticides (OPPs)
pesticides is favored to the usage of other pesticides
because of their ability to degrade more readily in the
environment (Lambropoulou and Albanis 2001; Schellin
et al. 2004). OPPs have been found in groundwaters, sur-
face waters, lagoons and drinking water in varying con-
centrations and hence, there is an increasing demand for
developing methods for the determination of such con-
taminants in food and environmental analysis (Schellin
et al. 2004). The European Union (EU) allows a maximum
concentration of 0.1 pg L™' of each individual pesticide
and 0.5 pg L' of the sum of pesticides in environmental
and drinking water (Chen and Huang 2006; Berijani et al.
2006; Fu et al. 2009). Due to this legal limit, a simple,
efficient and sensitive method to evaluate and monitor
these compounds, at trace levels, in environmental matrices
is required.

Di-syston (O,0-diethyl S-2-ethylthioethyl phospho-
rodithioate), ethion (0,0,0’,0'-tetraethyl S,§’-methylene
bis(phosphorodithioate) and phorate (O,0-diethyl S-ethylth-
iomethyl phosphorodithioate), Fig. 1, are OTP insecticides.
The identification and quantification of these pesticides in
the environment samples are generally based on chromato-
graphic methods, such as gas chromatography (GC) or high-
performance liquid chromatography (HPLC) coupled with
mass spectroscopy (MS), i.e. GC-MS (Lambropoulou and
Albanis 2001; Schellin et al. 2004; Chen and Huang 2006;
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Pereira dos Anjos and de Andrade 2014; Anagnostopoulos
and Miliadis 2013) and HPLC-MS (Anagnostopoulos and
Miliadis 2013; Narayan Sinh et al. 2011), or other detectors
(Berijani et al. 2006; Samadi et al. 2012; He et al. 2009).
Sensors (Khaled et al. 2014; Jiang et al. 2008), spec-
trophotometric (Mathew et al. 2007; Jafari 2006) and elec-
trochemical (Qiu et al. 2007) methods have also been used
for determination of these pesticides. These chromato-
graphic methods are very sensitive and reliable, but they are
time-consuming and expensive. Moreover, they can only be
performed by highly trained technicians, are not convenient
for on-site or in-field detection and require highly special-
ized facilities with complex sample pre-treatment steps
(Khaled et al. 2014; de Armasa et al. 2002). Therefore, it is
priority to develop simple, sensitive and rapid analytical
methodologies as practical alternatives to these robust and
efficient chromatographic methods. Fluorescence spectrom-
etry is a sensitive, selective and relatively low cost method
for the quantitative analysis of pesticides and other pollu-
tants (Aaron and Coly 2000; Vega Morales et al. 2010;
Bavili Tabrizi et al. 2014). Due to these features we propose
here a simple, sensitive and inexpensive spectrofluorimetric
method for the determination of di-syston, ethion and
phorate in environmental water samples.

Materials and Methods

A Shimadzu RF-5301 PC spectrofluorophotometer, equip-
ped with a 150 W Xenon lamp and 1.00 cm quartz cells,
was used for the fluorescence measurements. Both excita-
tion and emission slits were adjusted to 3 nm and the
sensitivity adjusted to low. A thermostated water bath (636;
Friedberg/Hessen, Germany) was used throughout the
work.

Di-syston, ethion and phorate were purchased from
PolyScience Corporation (Chemical Division, Analytical
Standards, Arlington Heights, Illinois 60004). All solvents
and chemicals including sulfuric acid, methanol and
Ce(IV)-sulfate-tetrahydrat were obtained from E. Merck
(Darmstadt, Germany).

A stock standard solution of each pesticide at a con-
centration of 200 pg mL~' was prepared by diluting an
appropriate volume of 1 % (m/v) solution of each pesticide
to 25 mL with methanol. These solutions were stored under
dark conditions in refrigerator when not in use. Working

/l /\S P\O

\
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standard solutions were obtained daily by appropriately
diluting this stock solution with ultrapure water. The
Ce(IV) solution at concentration of 0.1 mol L~ was pre-
pared in 2.0 mol L™" sulfuric acid and was kept at 4°C for
2 weeks. Also, a 2.0 mol L™! H,SO, solution was pre-
pared. All other reagents were of analytical reagent grade
(E. Merck). The water used for sample preparation was de-
ionized and purified using a Milli-Q system (Advantage A
10, Millipore, France).

For calibration an aliquot of sample solution containing
di-syston, ethion and phorate in the range 0.2-15, 0.1-13
and 0.1-13 ng mL™", respectively, were transferred into
15-mL calibrated centrifuge tubes. This was followed by
addition of 0.3 mL of 2.0 mol L™' sulfuric acid and
0.04 mL of 0.1 mol L™! Ce(IV) solution. The volume of
the obtained solutions were completed to 10 mL with ultra-
pure water and the resultant solutions were equilibrated at
95°C for 16, 25 and 10 min in the case of di-syston, ethion
and phorate, respectively. Then, solutions were cooled to
room temperature and the fluorescence intensity of each
solution was measured at 368 & 3 nm while excited at
257 £+ 3 nm against reagent’s blank.\

Real water samples were obtained from different
districts of Azerbaijan-e-sharghi. Tap water samples
were taken from our lab in Tabriz and a spring water
sample came from Marand. River water samples were
collected from Aras River (Jolfa). Bottled mineral water
samples were obtained from local markets in Tabriz. All
samples were collected randomly and filtered through
0.45 pm filter paper before use in order to remove sus-
pended solids. The filtered water samples were stored at
4°C until analysis. Some interfering cations can be
removed prior to analysis by using cation-exchange
resin. For this purpose, 100 mL of each water sample
was treated with 2.0 g of strong cation-exchange resin in
batch mode for 30 min. Then, aliquots of 1.0 mL of
upper solutions were subjected to the spectrofluorimetric
analysis.

Results and Discussion
Ce(IV) is a well-known oxidizing agent. It can be easily
reduced to Ce(III) that shows a characteristic fluorescence

in sulfuric acid medium. Ce(III) is usually more fluorescent
than the oxidation products and therefore the measurement
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of its fluorescence can be used as a very sensitive method
for determination of certain drugs by monitoring the
fluorescence of the formed Ce(IIl) (Bavili Tabrizi 2006,
2007a, b). But, the literature survey revealed that this
system rarely or has not been used for the analysis of these
pesticides. Thus, in the present work the studied pesticides
were oxidized by Ce(IV) in sulfuric acid medium and the
fluorescence intensity of the produced Ce(IIl) was moni-
tored. The excitation and emission spectra for di-syston-
Ce(IV) system have been given in Fig. 2. Similar spectra
were obtained for ethion and phorate systems.

The effect of Ce(IV) concentration on the fluorescence
intensities was evaluated in the range 1.0-10 (x107%
mol L™%. In Fig. 3, it was shown that Ce(IV) at concen-
tration of 4.0-6.0 x 10~ mol L™" led to the maximum
and constant signals for studied pesticides. At concentra-
tions lower than this range the fluorescence intensity
dropped due to insufficient Ce(IV) for oxidation. On the
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Fig. 2 Excitation and emission spectra: (A) reagent’s blank, (B) tap
water sample, (C) tap water spiked with di-syston at 1.2 ng mL™!
and, (D) standard solution of di-syston (2.0 ng mL ™) other condi-
tions: Ce(IV) (4.0 x 10™* mol L"), sulfuric acid (0.06 mol L™}
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Fig. 3 The effect of Ce(IV) concentration on the analytical signals,

10.0 ng mL™" of each pesticide was used; other conditions have been
mentioned in the text and Fig. 1
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other hand, higher concentrations of Ce(IV) were reported
to probably quench the fluorescence thus decreasing the
detected intensity (Bavili Tabrizi 2006, 2007a, b). An ali-
quot of 40 pL. of 0.1 mol L' Ce(IV) was used for the
oxidation of pesticides in the rest of work.

The effect of sulfuric acid concentration on the fluo-
rescence intensities was depicted in Fig. 4. It was observed
that the fluorescence intensity was rapidly increasing up to
sulfuric acid concentration of 0.05 mol L™!, and then
remained approximately constant up to 0.5 mol L™".
Hence, an aliquot of 0.3 mL of 2.0 mol L™" sulfuric acid
(final concentration of 0.06 mol L™') was taken as opti-
mum for other experiments.

It was found that the heating at high temperatures for
several minutes was necessary for the completion of the
reaction. Thus, oxidation reactions were carried out at
different temperatures (ranging from 25 to 100°C) in a
thermostated water bath, for periods ranging from 10 to
100 min. The results indicated that an equilibration time of
16, 25 and 10 min at 95°C was adequate to obtain maxi-
mum fluorescence intensities in the case of di-syston,
ethion and phorate, respectively.

The linear concentration range, RSD, limit of detection
(LOD) and quantification (LOQ) for studied pesticides are
summarized in Table 1. The LOD and LOQ were defined
as 3Sy/m and 10S,/m, respectively, where S is the stan-
dard deviation of the blank measurements and m is the
slope of the calibration line. The precision of the method
was determined by analyzing eight samples on the same
day (intra-day precision) or three samples on different days
(inter-day precision), and expressed as RSD. The intra-day
precision was lower than 5.2 % and the inter—day precision
was lower than 6.7 %. The results have been summarized
in Table 2.

Compared with references which use GC or HPLC-MS
for determination of these analytes, the proposed method
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Fig. 4 The effect of sulfuric acid concentration on the analytical
signals, 10.0 ng mL™" of each pesticide was used; other conditions
have been mentioned in the text and Fig. 1
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Table 1 Analytical . 1 R R R 1 )
characteristics of the method for Analyte C (ngmL™) r Calibration equation LOD (ng mL™") LOQ (ng mL™")
OTP pesticides Di-syston ~ 0.2-15 0.9990  43.568C + 7.6167 0.096 0.316
Ethion 0.1-13 0.9997 11.605C 4+ 7.9307 0.034 0.112
Phorate 0.1-13 0.9996 11.039C + 0.6084 0.034 0.112
C concentration
Tab!e'Z Intra- and 1r'1ter—.day C (ng mL™h) Di-syston Ethion Phorate
precisions for determination of
OTP pesticides Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day
0.50 2.13 433 3.73 4.76 4.27 5.66
10.0 2.94 4.67 5.12 6.68 4.12 5.33

Intra- and inter-day precisions expressed as RSD (%), and for 8 and 3 replicate determinations, respectively

Table 3 Tolerance limits of some diverse ions on the determination
of ethion (5 ng mL™!)

[II/[A]? Species

1000 AP, Mg*", SO,
750 Fe’*, Fe’*, Na*, CI~
500 NO;~, CO5*™

250 Ca**, PO,

150 Cu*t

# Highest ratio which produces an error of less than 8 %, [I]/[A] =
interferent-to-analyte ratio

does not require high investment and maintenance costs of
the instruments. More importantly, our LOD is comparable
to or even better than some of these methods which use
very sensitive detection techniques (Lambropoulou and

Table 4 Results of recoveries of spiked water samples

Albanis 2001; Parham and Saeed 2015; Schellin et al.
2004; Berijani et al. 2006; Pereira dos Anjos and de
Andrade 2014; Samadi et al. 2012; You et al. 2013).

For interference study the influence of frequently
encountered species were studied by analyzing sample
solutions containing 5.0 ng mL ™" of ethion with different
amounts of possible interfering. The tolerance limit was
taken as the concentration causing an error less than 8 % in
the determination of the pesticide. The tolerance limits for
the foreign ions studied are shown in Table 3. The results
showed that the most of the ions tested did not interfere
with their concentrations up to at least 500-fold excess
related to the pesticide. As can be seen, the main inter-
ference in the determination of pesticide is due to Cu®™.
According to the literature some interfering cations can be
removed prior to analysis by using cation-exchange resins

Sample Di-syston Di-syston R (%) Ethion Ethion R (%) Phorate Phorate R (%)
added found + SD added found + SD added found £+ SD
(ngmL™) (0 =3), (ngmL™) (ngmL™) (0 =3), (gmL™)  (n=3),
(ng mLf') (ng mLfl)
Tap - 0.24 £ 0.01 - - 0.21 £ 0.08 - - 0.14 £ 0.02 -
water () 5 0.78 + 0.02 108.0 0.5 0.69 £ 0.09 96.0 0.5 0.64 £ 0.04 100.0
5.0 5.06 + 0.12 96.4 5.0 5.58 + 0.37 107.4 5.0 4.85 £ 0.22 94.2
Sprig - 0.77 £+ 0.02 - - 2.85 £ 0.11 - - 1.58 + 0.07 -
water (5 1.25 + 0.03 96.0 0.5 3.36 + 0.12 102.0 0.5 2.11 £ 0.09 106.0
5.0 5.34 + 0.15 914 5.0 7.46 + 0.37 922 5.0 6.98 + 0.29 108.0
River - 1.49 + 0.04 - - 1.90 £ 0.07 - - 0.85 £ 0.04 -
water () 5 2.01 £ 0.05 104.0 0.5 242 £+ 0.09 1040 0.5 1.30 £ 0.05 90.0
5.0 6.59 £ 0.19 1020 5.0 6.21 £ 0.31 862 5.0 592 +£0.24 101.4
BMW - nd - - nd - - nd -
0.5 0.53 + 0.04 106.0 0.5 0.52 + 0.02 104.0 0.5 0.46 £ 0.05 92.0
5.0 445+ 0.14 89.0 5.0 4.60 £ 0.23 92.0 5.0 4.65 £ 0.21 93.0

Nd not detected, BMW bottled mineral water
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or by precipitation in alkaline medium and filtration (Pons
et al. 2008). Thus, a batch cation-exchange method was
used before the analysis.

For the application of the method, an aliquot of 1.0 mL
of each treated water sample was transferred to clean
centrifuge tubes and spiked with pesticide at the three test
concentrations and then analyzed following the optimized
procedure. The recoveries ranged from 86 % to 108 %, as
shown in Table 4, and were satisfactory. Typical spectra
for di-syston are shown in Fig. 1. No additional peaks
caused by interfering compounds were observed at the
emission wavelength that was used. Therefore, the simi-
larities in the excitation and emission spectra found in each
of the sample types and the reasonable recoveries that were
found indicated that there were no significant matrix effects
on the proposed method. Also, the UV absorption spectra
were recorded for the blank sample and standard solution
of each pesticide. The results indicated that the reagents
and analytes showed no or negligible absorption at the
excitation and emission wavelengths of Ce(IIl). Finally, the
proposed method was successfully applied to the analysis
of studied pesticides in environmental water samples and
the results are presented in Table 4. EU regulations for
drinking water quality set a limit in concentration of
0.5 pg L™" for the sum of all pesticides and 0.1 pg L™ for
each compound (Lambropoulou et al. 2000). On the other
hand, based on US Environmental Protection Agency
reports, the maximum modeled concentration of ethion, di-
syston and phorate in surface water were 25, 39 and
53.2 ng mL~' (US EPA), respectively. Thus, our results
were lower than these specified levels.

Conclusions

This report describes a validated spectrofluorimetric method
for the assay of di-syston, ethion and phorate in environ-
mental water samples. Method validation using spiked real
samples demonstrated that the method is capable of detecting
trace pesticides with adequate trueness and precision. In
addition, sensitivity of the method is enough for the deter-
mination of pesticides in variety of environmental samples.
In addition, the obtained LODs and LOQs are comparable or
better than those of other methods which use high sophisti-
cated and expensive GC or HPLC-MS instruments. From the
economic point of view, the proposed method is simple,
rapid, sensitive and inexpensive, and thus seems a good
alternative to previously reported methods.
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