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ABSTRACT: In this research, the adsorption destructive process of chlorpyrifos (CP,O,O-Diethyl-
O-3,5,6-trichloro-2-pyridinyl phosphorothioate) as a noticeable organophosphate pesticide using in 
agriculture on the nickel tungstate (NiWO4) nanoparticles catalyst was investigated and monitored via 
the 31P nuclear magnetic resonance (31PNMR). The effects of various experimental parameters such 
as catalyst dosage, contact time, initial chlorpyrifos concentration and temperature on the elimination 
efficiency of chlorpyrifos were surveyed. Nickel tungstate (NiWO4) nanoparticles were synthesized by 
hydrothermal method using NiCl2 and Na2WO4 as the precursors and source of Ni and W, respectively. 
The structural, morphological, crystal size and elemental composition of the pre-prepared nanoparticles 
powder were identified using Scanning electron microscopy-energy dispersive micro-analysis (SEM-
EDAX), X-ray diffraction (XRD) and Fourier transform infrared (FTIR) techniques. 31PNMR results 
indicated that chlorpyrifos was successfully eliminated by the catalyst with a yield 100% under 
optimized conditions. The parameters including: contact time (300 min), catalyst dose (0.3 g/L), initial 
pesticide concentration (5 mg/L) and temperature (298°K) were considered as optimized conditions for 
this process. Besides, the reaction kinetic information was studied by applying first order model. The 
values of the rate constant (k) and half-life (t1/2) were determined as 0.0037 1/min and 187.2972 min, 
respectively. The main product resulted from destruction reaction between chlorpyrifos and NiWO4 is 
diethyl phosphorothioic acid (DEPA) which is less toxic than primary pesticide.
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In recent years, the concerns about different sorts of 
toxicants originated from human corresponded activi-
ties and their undesirable entrance to the environment 
have been raised progressively. The massive utiliza-
tion of variant pesticides in agricultural fields and the 
subsequent inopportune storage and disposal of scum 

pesticides are considered as a major origin of contami-
nation of soil, ground water, rivers, lakes, rain water 
and air (Samet, et al., 2010). Chlorpyrifos (CP,O,O-
Diethyl-O-3,5,6-trichloro-2-pyridinyl phosphorothio-
ate) is one of the most applied organophosphate in 
agriculture. Also, it should be noted that the intuitive 
toxic characteristics of these pesticides prevail the  
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agricultural insect pests. It was reported that the annu-
al average global utilization of chlorpyrifos contain-
ing pesticides between 2002 and 2006 was estimated 
25 million kg active ingredient and 98.5% of this 
mentioned amount was exerted for agricultural goals. 
The extreme and heedless use of chlopyrifos in many 
countries has already caused serious environmental 
contamination and recognized as an imminent threat 
for human being and environment. Plus, it is notable 
that chlorpyrifos insecticide has been found in marine, 
sediment, sumps, streams, rivers, sloughs, fresh water, 
urban storm drains, ground water, fog and air as hinted 
above (Whitacre, 2012). The chemical structure and 
physicochemical of chlorpyrifos has been represented 
in Table 1. Moreover, chlorpyrifos remains biologi-
cally active in soil for time periods ranging from 20 to 
90 days and also is nearly indelible, with variable half-
life from 10 to 60 days (Getzin, 1981, Lakshmi, et al., 
2008). The specified half-life range depends on the 
fact that the degradation of chlorpyrifos in soil is relat-
ed to its initial concentration, soil moisture, tempera-
ture and pH (Racke, et al., 1994, Awasthi and Prakash 
1997). By considering the deleterious perspective of 
chlorpyrifos, its use has been vastly confined in the 
United States of America (U.S.A) and some European 
countries, even for agricultural goals. However, this 
insecticide is still in use in about 100 of other coun-
ties. Similar to other organophosphorous pesticides, 
chlorpyrifos suppresses the cholinesterase, enzyme 
systems indispensable for the normal function of ner-
vous system. The most commonly reported effects of 
chlorpyrifos poisoning include: headache, dizziness, 
nausea, blurred vision, excess sweating, salivation, 
muscle weakness, abdominal cramps, and diarrhea 
and in some extreme cases even leads to death (Co-
chran, 2002). Nowadays, different innovative and 
beneficial techniques have been developed for waste 
water treatment containing chlopyrifos. These include 
the use of the photocatalytic degradation using TiO2 as 
catalyst (Penuela and Barcelo, 1997), ultra sonic irra-
diation (Zhang, et al., 2011), ionizing radiation (Mori, 
2006), high-pressure arc discharge plasma process 
(Meiqiang, et al., 2006), electrochemical degradation 
(Samet, et al., 2010), photo-Fenton process (Bavcon 
Kralj, et al., 2007), chemical oxidation using hypo-
chlorous acid (HOCl) as the primary oxidant (Stephen 

and Timothy, 2006), the use of ozone (O3) (Whang-
chai, et al., 2011) and hydrolysis (Benoit-Marqui, et 
al., 2004). Furthermore, many studies have shown 
that the dissolved metal ions can affect the catalysis 
of organophosphorous pesticides positively and have 
significant role in the catalysis process. According to 
the above discussed issue, in most cases, the catalytic 
enhancement is surely attributed to metal coordination 
with the substrate (Sarkouhi, et al., 2016). Recently, 
the reports have revealed that there is a great inter-
est using solid sorbent decontaminants such as nano 
metal oxides in wide variant scientific fields. Several 
nano-crystalline metal oxides like ZrO2 (Verma, et al., 
2016), CuO (Verma, et al., 2015), MnO2 (Verma, et 
al., 2016) and ZnO-CdO (Sadeghi and Yekta 2014) 
have been synthesized as effective adsorbents and 
catalysts using in wide scope of researches (Singh, et 
al., 2011). Also inorganic structures associated with 
nano-sized dimensions and morphological quality has 
gained a great tendency due to the low density and 
high specific surface area of these nano-structures ma-
terials (Sarkouhi, et al., 2016). Nickel tungstate as a 
substantial inorganic salt belongs to metal tungstate 
clan. Besides, NiWO4 has a desirable potential for ap-
plication in various fields of industries such as cata-
lysts (Stern and Grasselli, 1997) and humidity sensors 
(Sundaram and Nagaraja, 2004) due to its attractive 
catalytic activity and suitable sensitivity to humidity. 
Further, NiWO4 could be applied extensively in other 
fields like microwave devices (Pullar, et al., 2007), 
microwave applications (Johnson, et al., 1962), opti-
cal fibers (Wang, et al., 1992), scintillator materials 
(Carel and van Eijk, 1997) and photoanodes (Pandey, 
et al., 2006). Meantime, metal tungstate compounds 
are utilized as photocatalyst for removal of several or-
ganic pollutants namely organic dyes from water me-
dia (He, et al., 2010). Lately, NiWO4 nano particles 
have attracted much attention because of their large 
surface area and noticeable quantum size effect which 
cause better photocatalytic activity (Pandey, et al., 
2006). Plus, there are different methods for synthe-
sis of nano-sized NiWO4 catalysts with several mor-
phologies containing: molten salt method (Song, et 
al., 2009), modified citrate complex technique (Ryu, 
et al., 2006) co- precipitation (Quintana-Melgoza, et 
al., 2001), spray pyrolysis (Pullar, et al., 2007), poly-
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meric precursor method (De Oliveira, et al., 2009) and 
hydrothermal method (Dias and Ciminelli, 2001). In 
this work, the NiWO4 nano particles were synthesized 
by hydrothermal method as one of the most applying 
methods for the adsorption-destruction of chlorpyri-
fos. Also, there are no papers reporting the application 
of NiWO4 catalyst used to eliminate this pesticide.

EXPERIMENTAL SECTION

Materials and reagents
The materials including: Nickel chloride hexahydrate 
(NiCl2.6H2O) (98%, Sigma Aldrich), sodium tungstate 
dihydrate (Na2WO4.2H2O) (99%, Sigma Aldrich), 
chlorpyrifos (CP,O,O-Diethyl-O-3,5,6-trichloro-2-py-
ridinyl phosphorothioate) (98%, Sigma Aldrich), 
phosphoric acid (85%, Merck), octane (98%, Merck) 
and chloroform-d (CDCl3) (99.8%, Sigma Aldrich) 
were used as received and without further purification 
for the synthesis of NiWO4 nanoparticles. Further, the 
high purified water was used during all synthesis pro-
cedures where was in need. 

Instrumentation 
The synthesized nanoparticles were undergone char-
acterization by different well known techniques. The 
morphology, particle sizes and elemental composition 
of the prepared adsorbents were studied using a scan-
ning electron microscope (SEM, HITACHI S-300N). 
Moreover, an energy-dispersive x-ray spectrometer 
(EDAX) connected to LEO-1530VP XL30 Philips 
scanning electron microscope was applied for semi-
quantative analysis. Also, the crystallographic char-

acteristics of the synthesized NiWO4 nanoparticles 
were perused by X-ray diffraction analysis recorded 
with a Philips X’pert MPD system using Cu Ka X-
ray radiations (k = 1.54056 A°). Data were collected 
over the scope of 4–80° in 2θ with a scanning speed of  
2° min-1. The IR spectra were scanned on a Perki-
nElmer model 2000 FTIR spectrometer (USA) in the 
wavelength range of 400 to 4000 cm-1 using KBr pel-
lets. Phosphorous-31 Nuclear Magnetic Resonance 
(NMR) spectra were recorded on Bruker DPX-250 
spectrometer producing 250 MHz Radio Frequency 
(RF) and centrifuge (Universal, CAT. NO. 1004) in-
strument was exerted.

Synthesis procedure of the NiWO4

The NiWO4 nanoparticles were synthesized via hy-
drothermal method (Mani, et al., 2016). 0.001 mol 
of sodium tungstate dihydrate (Na2WO4.2H2O) was 
added and dissolved in 25 mL of distilled water and 
the mixture solution was agitated by ultrasonic for 10 
min. Next, 0.001 mol of nickel chloride hexahydrate 
(NiCl2.6H2O) was added to the above prepared solu-
tion and then the system was undergone rigorous stir-
ring until complete dissolution of all powders. Then, 
the solution was transferred into a 40 mL Teflon-lined 
stainless steel autoclave maintaining at 180°C for 5 h 
and eventually cooled to room temperature. At last, 
the light green precipitates were gained and washed 
subsequently for five times with high purified water 
and ethanol. The final solid powder product was then 
dried at 50°C overnight and calcined in sequence at 
600°C for 4h. Eq. (1) in below represents the main 
reaction taking place during the synthesis of NiWO4 
nanoparticles. 

(1)

Reaction procedure of chlorpyrifos on the NiWO4 
The sample preparation procedure contains four ma-
jor steps: first, 0.05 mL of phosphoric acid (H3PO4) 
diluted with 25 mL of deionized water reaching 0.03 
M H3PO4 as the blank solution. Afterwards, this blank 
solution was injected to a capillary column with 
closed tips by heat (S1). Second step, corresponded 
to the preparation of chlorpyrifos solutions by addi-
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Chemical formula C9H11Cl3NO3PS
Density (g/cm3) 1.398

Molar mass (g/mol) 350.50

Melting point (°C) 43

Boiling point (°C) 160

Table 1: Chemical structure and physicochemical of chlor-
pyrifos (CP).
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tion of 5, 10, 20, 30, 40 and 50 mg/L of chlorpyrifos 
pesticide to 10 mL of a 1:1 (v/v) ratio of octane: wa-
ter as the solvent (S2). At third step, the S2 prepared 
solutions were all mixed separately with 0.1, 0.2, 0.3, 
0.4 and 0.5 g of NiWO4 nanoparticles in five 50 mL 
Erlenmeyer flasks and stirred intensely for 8h at 298-
328°K (S3). At fourth step, 1 mL of each of pre-pre-
pared S3 mixtures was posed in centrifuge tubes and 
centrifuged at 500 rpm for 4 min. Then, 0.3 mL of the 
above mentioned samples and 0.1 mL of chloroform-d 
(CDCl3) were added to NMR tubes associated with the 
capillary column (S1 solution) as the blank solution. 
Eventually, the 31PNMR analysis was exerted for mea-
suring the amount of pesticide in a sample.

RESULTS AND DISCUSSION

SEM-EDAX analysis 
The SEM images were used for investigation of 
morphologies and crystalline sizes of synthesized 
nanoparticles. Fig. 1 demonstrates the SEM of NiWO4 
nanoparticles synthesized with different magnifi-
cations. The homogeneous morphology of NiWO4 
nanoparticles and their primary size estimation (under 
the 100 nm) could be explicitly revealed by SEM im-
ages. Fig. 2 shows the EDAX spectrum for synthesized 
NiWO4 nanoparticles. The peaks of the EDAX pat-
tern corroborate that the final product is highly pure, 
and desirable quantities (the average atomic percent-

Adsorption destructive study of Chlorpyrifos (CP) on the ...

Fig. 1: SEM images of NiWO4 nanoparticles with different magnifications (500 to 80000 x).
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age) of W and Ni elements in the synthesized sample 
are 76.48% and 23.52%, respectively. This elemental 
analysis clarifies the existence of corresponding ele-
ments in their stoichiometric percentage.
 
XRD patterns
Fig. 3 represents the XRD pattern related to the syn-
thesized nickel tungstate nanoparticles. The observed 
diffraction peaks were well matched with Joint Com-
mittee for Powder Diffraction Standards (JCPDS 
No. 15-0755). There are different narrow peaks for 
NiWO4 showing the crystalline nature of the synthe-
sized nanoparticle. The obtained diffraction peaks are 
affiliated to planes (010), (100), (011), (110), (111), 
(002), (200), (121), (112), (211), (022), (220), (130), 
(202), (113) and (311), respectively. Plus, no peak cor-
responded to any impurity was observed in the XRD 
pattern. The crystalline size of the prepared sample 
was calculated using Scherrer formula (2):

(2)

Where d is the crystalline size, λ is the wavelength 
of X-ray Cu Kα source (equal 1.54056 Å), β is corre-
sponded to the full width at half maximum (FWHM) 

of the most predominant peak at 100 % intensity and 
θ is Bragg diffraction angle at which the peak is re-
corded. Using this formula, the smaller average par-
ticle sizes by Debye-Scherrer formula were estimated 
to be 26.8 nm.

FTIR spectrum
The formation of NiWO4 and presence of the corre-
sponding functional groups were also proved by FTIR 
spectroscopy. The FTIR spectrum of the synthesized 
NiWO4 is revealed in Fig. 4. As can be observed from 
spectrum, the peaks at 3448 and 1645 cm-1 are affili-
ated to the stretching and bending vibrations of O–H 
and H–O–H of the water molecules that are absorbed 
on the surface of the sample. Though, six absorption 
bands (878, 824, 706, 623, 545 and 471 cm-1) were 
perceived in the spectrum of the annealed wolframic 
sample. Also, the absorption bands occurred at 878 and 
824 cm-1 were considered to be owing to the vibration 
of the WO2 units in the W2O8 groups. The absorption 
bands at 706 and 623 cm-1 are a class of a two-oxygen 
bridge (W2O2) and related to the asymmetric stretch-
ing of the same units. The observed absorptions in the 
range of 545 and 471 cm-1 are owing to the vibrations 
of the NiO6 polyhedral. Therefore, the occurred peaks 
in the spectrum for the annealed sample verify the for-
mation of crystalline NiWO4 nanoparticles.

31PNMR analysis
The adsorption-destruction (elimination) reactions of 
chlorpyrifos (CP) on the NiWO4 nanoparticles were 
investigated under various experimental condisions 

Fig. 2: EDAX analysis of NiWO4 nanoparticles.

Fig. 3: XRD patterns of NiWO4 nanoparticles.
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Fig. 4: FTIR spectrum of NiWO4 nanoparticles.
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and octane solvent using 31P nuclear magnetic reso-
nance (31PNMR) technique. Furthermore, the quantita-
tive actions of 31PNMR spectroscopy were fulfilled in 
the presence of phosphoric acid (H3PO4) as an appro-
priate inorganic internal standard for the measurment 
of reaction efficiency. Afterwards, the proportion of 
chlorpyrifos integral to H3PO4 (chlorpyrifos integral/
H3PO4 integral) was considered and calculated. From 
the spectra, three signals were revealed. Two narrow 
peaks at approximately δ= 60 and 41 ppm affiliated to 
the chemical shifts of chlorpyrifos and diethyl phos-
phorothioic acid (DEPA) respectively, and the char-
acteristic sharp peak at near δ= 0 (zero) ppm also cor-
responded to the phosphoric acid (H3PO4). 

Effect of contact time
To investigate the effect of time on the elimination 
procedure of chlorpyrifos on the NiWO4 nanoparti-
cles, different time intervals was considered for exper-
iments to be carried out. These series of experiments 
assemble a logical comparison between elimination 
ability of adsorbent and time intervals. Fig. 5 shows 
the variation of elimination rate (%) against shaking 
time and also the reliability of elimination yield of 
chlorpyrifos on the NiWO4 nanoparticles to the con-
tact time. The elimination time was surveyed in the 
range of 0-300 min. Thus, to achieve a suitable reac-
tion time, 300 min was selected as an optimum value. 
31PNMR spectra and data results are depicted in Fig. 
6 and Table 2.

Effect of catalyst dose
The designation of optimized dosage of a catalyst is of 
great significance in any type of scientific analytical 
research because one of the key parameters that makes 
a new adsorbent remarkable and also reliable is to use 

the least dose of it for the most value of elimination. In 
present research, to designate the optimized catalyst 
dose for the elimination of chlorpyrifos, the elimina-
tion characteristics of chlorpyrifos was explored at 
range of 0.05-0.5 g of NiWO4 nanoparticles. As ex-
plained in Fig. 7, the more the dose of adsorbent, the 
better the destruction efficiency, until the point after 
which no more sensible variations is observed and the 
curve slope tend to a linear form which implies con-
stant values. Finally, the value of 0.3 g was considered 
as the effective dose for NiWO4 nanoparticles to per-
form high yield adsorption- destruction process.

Effect of initial concentration of chlorpyrifos
The effect of initial concentration of chlorpyrifos in the 
range of 5 to 50 mg/L on elimination was studied and 
is depicted in Fig. 8. From the Figure, it is obvious that 
the percentage of chlorpyrifos elimination decreased 
with the consecutive increase in initial concentration 
of chlorpyrifos owing to the fixed quantity of adsor-
bents used in this research. The initial concentration of 
chlorpyrifos assembles the intransitive driving force to 

Fig. 5: Effect of contact time on the elimination of chlorpyri-
fos by NiWO4 nanoparticles (optimum conditions: initial con-
centration= 5 mg/L, catalyst dosage= 0.3 g/L, T= 298°K).

Sample Time (min) H3PO4 Intg CP Intg CP Intg/ H3PO4 Intg DEPA Intg

a 0 1.0000 4.0299 4.0299 0.0000
b 60 1.0000 3.0050 3.0050 0.4490
c 120 1.0000 2.1740 2.1740 1.2390
d 180 1.0000 1.1450 1.1450 2.2490
e 240 1.0000 0.2126 0.2126 3.1738
f 300 1.0000 0.0000 0.0000 3.5540

Table 2: 31PNMR spectra results for CP-NiWO4 samples under optimum conditions: initial concentration= 5 
mg/L, catalyst dosage= 0.3 g/L, T= 298°K

S. Yekta et al.
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conquer the resistance to the mass transfer of chlorpy-
rifos between the aqueous phase and the solid phase. 
The enhancement in initial concentration of chlorpy-
rifos also increases the interaction between chlorpyri-
fos and NiWO4 nanoparticles. Thereupon, an increase 
in initial concentration of chlorpyrifos enhances the 

elimination of chlorpyrifos but as mentioned above 
the fixed amount of adsorbent with particular capacity 
confines the adsorption and after a while the elimina-
tion percentage descends as a result. The maximum 
percentage chlorpyrifos elimination was found to be 

Fig. 6: 31PNMR spectra of CP-NiWO4 nanoparticles sample; the following structural assignments were made at (a) δ= 60 ppm 
(CP), (b) δ= 41 ppm (DEPA) and (c) δ= 0 ppm, (H3PO4), at different interval times, a) 0, b) 60, c) 120, d) 180, e) 240 and f) 300 
min, (optimum conditions: catalyst dosage= 0.3 g/L, initial concentration= 5 mg/L, T= 298°K).

Fig. 7: Effect of catalyst dose on the elimination of chlor-
pyrifos by NiWO4 nanoparticles (optimum conditions: initial 
concentration = 5 mg/L, contact time= 300 min, T= 298°K).

Fig. 8: Effect of initial chlorpyrifos concentration on the elimi-
nation of chlorpyrifos by NiWO4 nanoparticles (optimum 
conditions: catalyst dosage= 0.3 g/L, contact time= 300 min, 
T= 298°K).
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100% for 5 mg/L of initial concentration. 

Determination of kinetics parameters
In order to determine the elimination kinetics, plots 
of Ln (concentration) versus reaction time were made 

(Fig. 9). The elimination rate constant (slope), k, was 
calculated from the first order equation: Ct = Coe–kt 
where Ct is related to the concentration of the chlorpy-
rifos at time t, Co is corresponded to the initial concen-
tration and k is the elimination rate constant. Besides, 
the half-life (t1/2) can be specified by t1/2= Ln2/k. Fur-
ther, the samples for adsorption kinetics investigation 
were provided by adding 0.3 g of NiWO4 nanoparti-
cles into the separate containers containing 5 mg/L of 
chlorpyrifos, at 298 K, and certain time intervals. The 
results have been represented in Table 3. 

Fig. 9: Plot of Ln Ct/Co versus time (optimum conditions:  
initial concentration = 5 mg/L, catalyst dosage= 0.3 g/L, T= 
298°K).

Kinetic equation k (1/min) t1/2 (min) R2

y= 0.0037x+0.0193 0.0037 187.2972 0.9516

Table 3: First order kinetic parameters for the elimination of 
chlorpyrifos by NiWO4 nanoparticles under optimum condi-
tions: initial concentration= 5 mg/L, catalyst dosage= 0.3 
g/L, T= 298°K.
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Effect of temperature
In this study, the elimination of chlorpyrifos on the 
NiWO4 nanoparticles was perused in the temperature 
range of 298-328°K under pre-determined optimized 
conditions. The corresponded consequences are illus-
trated in Fig.10. Fig. 10 clarifies the effect of tempera-
ture on the elimination of chlorpyrifos on the NiWO4 
adsorbent surface. The elimination of chlorpyrifos 
on the NiWO4 nanoparticles undergoes decrease as 
the temperature increases gradually. This is owing to 
forming bonds between chlorpyrifos and active sites 
of NiWO4 catalyst being loosed and broken as a result 
of raising reaction temperature. After those above not-
ed evaluations, the temperature of 298°K considered 
as an optimized temperature. 

Mechanism of the elimination procedure
Considering both obtained data from characterization 
studies and the adsorption-destruction (elimination) 
principles represented in the manuscript body, the 
proposed mechanism (Scheme 1) includes two major 
steps: 1) adsorption of CP on the surface of synthe-
sized catalyst and 2) destruction of CP by hydroly-
sis process. To clarify the mechanism, first the metal 
ions (M) referring to Ni2+ and W6+ act as electrophiles 
(Lewis acid sites) coordinate with the sulfur and chlo-
rine atoms and enhances the electrophilic tendency of 
the phosphorus in center making it more vulnerable to 
be invaded by H2O in sequence steps. After adsorp-
tion of CP on the surface of NiWO4 nanoparticles, the 
cleavage of P-O linkages takes place in presence of 
H2O molecules (as nucleophiles) whereas the trichlo-

ro pyridinol (TCPY) remains on the catalyst surface. 
Eventually, the diethyl phosphorothioic acid (DEPA) 
as a destruction product of chloropyrifos separated 
from the catalyst into the solution (Sarkouhi, et al., 
2016).

COCLUSIONS

In this study, for the very first time, the application 
of synthesized NiWO4 nanoparticles for adsorption-
destruction of chloropyrifos (CP) as a widespread or-
ganophosphate chemical using in agricultural fields as 
insecticide was considered and evaluated via the 31P 
nuclear magnetic resonance (31PNMR). Also, the ef-
fects of different operative variables such as catalyst 
dosage, contact time, initial chlorpyrifos concentra-
tion and temperature on the adsorption-destruction 
efficiency of CP were investigated. Various charac-
terization evaluations proved that the nickel tungstate 
(NiWO4) nanoparticles synthesized by hydrothermal 
method were of good and appropriate structural, mor-
phological, crystal size and elemental composition as 
expected. 31PNMR analysis result data elucidated that 
CP was successfully eliminated by the catalyst with 
a yield 100% under optimized conditions of: contact 
time (300 min), catalyst dose (0.3 g/L), initial pesti-
cide concentration (5 mg/L) and temperature (298°K). 
Plus, the reaction kinetic data was surveyed utilizing 
first order model and the values of the rate constant (k) 
and half-life (t1/2) were indicated as 0.0037 1/min and 
187.2972 min, respectively. All of the characterization 
data and experimental results clearly expressed the 
particular advantageous characteristics of this newly 
synthesized catalyst for effective adsorption and sub-
sequent destruction of CP as a hazardous chemical. 
The less toxic diethyl phosphorothioic acid (DEPA) as 
a main destruction product of chlorpyrifos with syn-
thesized NiWO4 was obtained.  
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