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Organophosphorus compounds are extensively used worldwide as
pesticides which cause great hazards to human health and the environment.
The aim of this study was to investigate the removal of diazinon insecticide
from aqueous solution by using polypyrrole (PPy) onto polyvinyl alcohol
(PVA) adsorbent in a batch system. Investigation of the adsorbent structure
was performed by SEM and FTIR analyses. The effect of experimental
parameters on adsorption such as pH, contact time, initial diazinon
concentration, and initial adsorbent mass was studied. According to the
experiments, the optimal pH of diazinon adsorption by PPy/PVA adsorbent
at 20 °C was 6. As the contact time increased, the adsorption efficiency
increased and reached equilibrium (98%) after 10 min. The adsorption
capacity of diazinon increased with increasing adsorbent mass and reached
its highest value in the adsorbent mass of 0.025 g in 10 ml of aqueous
diazinon solution. The kinetics study showed that the data followed by
Morris—-Weber and pseudo-second-order equations. The equilibrium data
also show good agreement with the Freundlich isotherm. Based on the
results of the present study, PPy/PVA adsorbent has a high potential for
diazinon pesticide removal and it can be suggested as a cheap, efficient and
available adsorbent for diazinon pesticide removal from aqueous solutions.
The maximum adsorption capacity of mercury by polymer composite was
23.37 mg/g.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction
Organophosphate

pesticides
insecticides with widespread application to

safeguard the society through better health
and higher living standards. Therefore,
pesticides and their post-degradation products are
mainly nonbiodegradable environmental

are among

control pests in the many agricultural areas.
Pesticides are widely used throughout the
developing world to develop the quantity and
quality of food commodities and to
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pollution and are carcinogenic in nature.
Diazinon pesticide is an organophosphate
insecticide that, classified by the World Health
Organization (WHO) as “moderately hazardous”

Vol. 9, No. 2, 2023

[

EWE

\f’YC)L«.u.»JL’&YO) WA 0)50


https://doi.org/10.22034/jewe.2022.327614.1721
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:h.esfandian@ausmt.ac.ir
http://creativecommons.org/licenses/by/4.0/

\OF

Esfandian®and Motevalian, 2023

Class 1l. Diazinon applies to control of pests in
fruits, vegetables, and field crops, and this
pesticides discharge to environment after
application in agricultural field. The excessive
concentration of this insecticide has detrimental
effect on organisms and blood and the main
problem of diazinon toxicity is its inhibition of
the enzyme acetylcholinesterase. The purpose of
this study, was devoted to the application of
synthesized PPy/PVA composite for the
treatment of diazinon pesticide from aqueous
solutions. the effect of different parameters such
as pH, contact time, initial concentration and
amount of adsorbent were invistigated on the
removal efficiency of diazinon from aqueous
solution using PPy/PVA and present isotherm
and kinetic parameters.

Material and Methods

In this study, the removal efficiency (%) of
diazinon pesticide was investigated onto
PPy/PVA according to the batch method at
room temperature. The effect of various
parameters such as pH (in the range of 2-9),
contact time (in the range of 4-20 min), the
amount of adsorbent (at a dose between 10 g
and 40 mg), and initial diazinon
concentration (at concentrations ranging
from 20 t0 60 mg/l) was evaluated in 10 ml
aqueous solution. The adsorption tests were
conducted in magnetic mixer. At the end of
predetermined time intervals, the suspension
was centrifuged and the filtrate was analyzed
for any residual diazinon.

Results

In this study, increasing pH leads to an
increase in the diazinon adsorption and it
later reaches a maximum value at pH 6 and
then decreases (fig.1a). It can be deduced
that an increase in the aqueous solution pH
leads to an increase in the negative charge
density of the adsorbent. Thus, the uptake of
the diazinon might be ascribed to increasing
negative charge on the adsorbent surface.
The effect of contact time on the diazinon
sorption was investigated by PPy/PVA with
initial diazinon concentration of 20 mg/L, pH
6 and room temperature (Fig. 1b).
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Fig. 1 Effect of parameters on the diazinon removal
efficiency a) pH, b) contact time, ¢) amount of
adsorbent dosage, and d) initial concentration of
diazinon
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As can be expected, the amount of diazinon
sorption is increased by an increase in
contact time. Therefore, almost all of the
diazinon (c.a. 98%) is removed after 10 min.
To assess the effect of PPy/PVA composite
dose, it was studied on the different amounts
of adsorbents (10-40 mg), in different
experiments with the initial concentration,
pH and optimum contact time of 20 mg/L, 6
and 10 min respectively were used. The
results are illustrated in Fig. 1c. It was
observed that with increasing adsorbent, the
removal efficiency increases. Hence, 25 mg
of composite was selected as the optimum
amount of adsorbent, and the same amount
of adsorbent was used in the next
experiments. It is readily understood that the
availability of larger surface area and more
sorption sites increase upon every increase in
the adsorbent dose. At higher concentrations
of sorbate, the equilibrium uptake did not
increase significantly with the increase in
PPy/PVA composite. To investigate the
effect of initial concentration on the
adsorption process, various concentrations of
aqueous diazinon solution were prepared and
the adsorption process was performed under
optimal conditions for the uptake of diazinon
onto PPy/PVA at a concentrations range of
20 to 60 mg/L (Fig. 1d). As it is seen, by
increasing the concentration of diazinon in
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the solution, the sorption capacity has been
reduced. To justify this, these active sites on
the surface of the adsorbent have a constant
value, and when the concentration increases,
these sites are occupied and the absorption
capacity decreases.

Conclusions

Results suggested that the PPy/PVA composite
considerable potential for the removal of
diazinon from aqueous solutions. The optimum
conditions of diazinon sorption were found to be
a sorbent dose of 25 mg in 10 mL of solution,
contact time and pH, 10 min and 6, respectively.
The kinetic data indicated that the removal
process was controlled by the Morris—Weber and
Pseudo-second order. The results obtained from
this study were well described by the theoretical
Freundlich.
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Kinetic Model Related Equations Calculated Constants
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Order q: k2q.% Qe 0.04085 9.7182 0.9947
_ ) kis (Mmg/g min'?) C (mg/g) R?
Weber-Morris Ge = kgt /2 +C 1.5081 3.035 0.9959
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Table 2 Constant values of isotherms for diazinon adsorption on composites

Isotherm Model Related Equations

Calculated Constants

. Celge= 1/q0 KL + Ce/qo go (Mg/g) Ke (L/mg) R?
Langmuir Plot: Ce/ge vs. Ce 23.365 0.7005 0.97
. Log(ge)=log(Kr)+1/nlog(Ce n Ke R?
Freundlich gfgt) |Ogg(ée) \)/s.log(CgZ]e() : 3.095 10.2235 0.98
Temkin ge=BIn(K1)+BIn(Ce) B Kt R?
Plot: log(ge) vs.log(Ce) 4.1925 12.7917 0.94

Dubinin- Ln(de) = In(qo) - P2 qo (Mg/g) ((mol?/kJ?) R?
Radushkevic Plot: In(ge) vs. (? 17.297 0.00000008 0.75
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Table 3 Comparison of maximum adsorption capacity (gm) of diazinon on polymer composite with other

adsorbents
Sl Adsorbent gm (Mg/qg) Optimum conditions (pH, Contact time, Reference
No. Adsorbent mass, and initial concentration)
1 Iron Modified 394.7 (4, 24 hr, 1.6 g/l, and 40 mg/l) Kabwadza-Corner et
Montmorillonite al. (2014)
2 NH4Cl-induced 250 (7, 30 min, 0.3 g/I, and 20 mg/l) Moussavi et al. (2013)
activated carbon
3 Loess 24.69 (7.2, 4 hr, 1 g/, and 50 mg/l) Ryoo et al. (2013)
4 bentonite acid 6.1 (5.2, 15 min, 4 g/, and 10 mg/l) Ouznadiji et al. (2016b)
treated
5 Fly ash 0.8 (9.8, 4 hr, 1 g/l, and 50 mg/I) Ryoo et al. (2013)
6 GAC 15.53 (6, 50 min, 3 g/l, and 50 mg/l) Pirsaheb et al. (2014)
7 PPy/PVA 23.37 (6, 10 min, 0.025 g/l, and 20 mg/l) Present Study
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