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Abstract

In this research, we study the comparison of the removal of a domestic insecticide declared as an organic pollutant from the water
on the surface of the natural clay (N-C) and Montmorillonite sodium (Mnt-Na), where we reveal general information about adsorbents
on organic pollutants, as well as physical and chemical methods for their spectral analyses. In addition, we have a simplified explanation
of the adsorption phenomenon and then we study the various factors that affect it, represented by the effect of the initial concentration
of the pollutant solution, the effect of the pH, temperature and the contact time, conductivity effect, turbidity analysis, and dissolved
oxygen analysis. And we have achieved the results that benefit us by comparing the effectiveness of Natural clay (N-C) and
Montmorillonite sodium ( Mnt-Na) in the elimination of insecticide, in addition to judging the possibility of describing adsorption by the

best adsorbent.
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1 Introduction

Pesticide use worldwide has increased dramatically over
the past two decades, co-existing with metamorphoses in
agricultural practices and more intensive agriculture [1]. In the
areas of pesticide use, the impact on environmental and human
health would be 3 to 6 times greater [2]. Pesticides are chemical
compounds used to control organisms considered harmful in
agriculture, in different industries and by individuals in homes.
They have been used in large quantities in recent decades.
Simultaneity of these pesticides poses a real challenge of public
health, exclusively for farmers who are most at risk, similarly
and more of the general population into consideration of
exposure to pesticides for domestic use [3]. Micro pollutants
are substances likely to have an impact on health or the
environment - alone or in combination with other micro
pollutants - even at very low concentrations [4]. These are
substances that are not naturally present in the media, but come
from human activities. Histological studies revealed structural
alterations in the spleen and liver, confirming and explaining
the variation in some of the parameters studied [5]. In addition,
inflammation of the bladder was observed. The results obtained
show a slight increase in body weight and a decrease in weight
gain, a decrease in the number of white blood cells, peritoneal
and alveolar macrophages, splenocytes, and blood platelets [6].

The removal of these pollutants from industrial discharges
is very often carried out by conventional chemical treatments
such as: coagulation-flocculation, electrocoagulation among
others, has proved effective, but in most cases, very expensive
[7]. The treatment by the technique of adsorption is more used
for its efficiency in the abatement of organic micropollutants,
involving liquid solid interactions. The application of natural or

modified clay in the case of Mnt-Na in the field of water
treatment that began to develop after the Second World War.
Because of their remarkable particularity is their ubiquity and
reactivity of nano-particles, and also for its adsorbent properties
in order to eliminate organic substances and also used both as
an adsorbent material and as a bacterial support to lower the
content of organic matter and biodegradable matter via the sizes
and the leaf structures that provide a large specific surface area
[8]. In our study, we will study the removal of a household
insecticide declared as a micro pollutant of water on the surface
of two adsorbents Natural clay and montmorillonite sodium
Thus, the impact of contamination, where we will observe how
the process of elimination is affected by changes in
concentration, adsorbent mass, temperature, pH and contact
time, turbidity, dissolved oxygen.

2 Experimental

In this work, the experimental methodology for the study
of the removal of a domestic insecticide declared as an organic
pollutant from the water on the surface of the natural clay and
Mnt-Na, where we will present the tools, devices and materials
necessary to conduct this study, in addition to explaining how
to collect and analyze samples, the effect of changes in
concentration, temperature and pH and the contact time,
conductivity effect, turbidity analysis, and dissolved oxygen
analysis.And its effect on elimination capacity, and all the
results obtained will be shown. A “household pesticide”
(classified as a “Class 5 product”) is a product of the family of
biocides and the subfamily of pesticides intended to control
certain undesirable organisms because it attacks wood, food,
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domestic animals. Products designated as pesticides are
products that are used for the prevention, control or disposal of
organisms considered undesirable [9].

2.1 Materials
2.1.1 Insecticide used

Domestic insecticide (Figure.1), considered a micro-
pollutant of water, is used without any prior purification. The
solutions are prepared by dissolving quantities of active matter
liquid with Bi-distillate water. An insecticide solution at a
concentration of 100 mg/l was prepared by dissolving 1ml in
100 ml of bi-distilled water and then diluting the stock solution
to obtain 5 ml of daughter solutions by volume, at a
concentration ranging from 50 mg/I to 500 mg/I.
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Figure 1: Chemical structure of cabramide

2.2 Method of analysis

At the end of each adsorption experiment, the adsorbent
was removed by centrifugation at a speed of 2500 rpm. The
resulting filtrate was then analyzed by UV- Visible
spectrophotometer by monitoring the absorbance changes at
Amax = 320 nm for the insecticide. The amount of insecticide
adsorbed of natural clay and Montmorillonite sodium, Qe
(mg/g), was evaluated using the following

Qe = (Co-CY*V/M Q)

where Co and Ci: (mg/L) referred to the initial and the
equilibrium concentration of carmine respectively; V (L) is the
volume of the carmine solution and M (g) is the mass of natural
clay and Montmorillonite sodium

2.3 Characterization techniques
2.3.1 Adsorbent used

The spectral characteristics of the materials were
determined through standard procedures [10]. The application
of natural and abundant adsorbents such as crude clay and
sodium clay for water treatment is an authorized route to protect
water capital. Several techniques were used: The resulting
phase analysis was performed by recording X-ray diffracts
grams of powder using an Xpert Pro (Panalytical) diffract meter
using copper CuKa radiation (A = 1.5418A) and infrared
spectroscopy. The raw clay and sodium dried at 100°C/ 24h
were analyzed by Fourier infrared transform spectroscopy
brand spectrometer SHIMADZU FTIR-8000. Both solids were
prepared as a solid mixture with (KBr) and analyzed by
absorption.

3 Results and discussion
3.1 Material chemical analysis
3.1.1 X-ray diffraction (DRX)

The spectrum presented in (Figure.2) makes it possible to
identify the crystalline structure of N-Clay and Mn-Na. Figure
.2 shows the diffract gram of the crude clay and the sodium clay
according to the XRD diagram obtained, the two clays have an

almost identical mineralogical composition, but distances
between the layers to 26 practically different.
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Figure 2: Diffract gram of N- Clay and Mnt - Na

Table.1: Reticular distances of the different clays studied [11]

Type of adsorbent Reticular distances dooz (A)
(N-C 15
Mnt-Na 12.8

From Figure 2 we can see: The bentonite clay is
characterized by four peaks, the first being 15,037 A (001) and
the other three being 4,508A (110), 2,567 A (200) and 1,501 A
(060) [12] .He clay -Na has a peak at 26=7.033° corresponding
to an interfoliar distance d001=12.802 A with a disappearance
of certain lines characteristic of the crystalline phases attributed
particularly to quartz (located at 26 = 27°) and an
intensification of certain  lines, characteristics  of
montmorillonite, initially hampered by the undesirable
crystalline phases localized at 26 = 6 and 29° [13]. The sodium
treatment of montmorillonite leads to the decrease of the
reticular distance, it goes from 15.037 to 12.802 A, this
decrease is due to the exchange of cations Ca*?, Mg*?, K* by
sodium ions Na* which really confirms a good purification of
bentonite [14].

3.1.2 FTIR Analysis

The FITR tests confirmed that the analyzed materials have
a crystalline structure. The spectra obtained are illustrated by
(Figure 3) .We note:
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Figure 3: FTIR spectra for N- Clay and Mnt— Na
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The analysis of this spectrum shows the main absorption
bands of the vibration modes of the different functional groups:

< Natural clay

An absorption band centered around 3620 cm™ that is
relative to the elongation vibrations of the OH groupings
related to the octahedral cations Al (Al-OH-Al) [15]. The band
centered at 1642 cm™ is attributed to the H-O-H deformation
vibrations of water molecules [16]. The adsorption bands from
1000 to 500 cm™ are attributed to the valence and deformation
vibrations of the octahedral ions substituted for the hydroxyl
groups and the intense band observed at 1030 cm™ which
corresponds to the valence vibrations of the Si-O bond in the
plane. The band cantered at 915 cm™ is not only attributed to
the deformation vibrations of the Al-OH-AIl bonds but is also
attributed to the presence of kaolinite [17].

< Montmorillonite sodium

The band that spans between1600 - 1700 cm™ may be
attributed to the valence vibrations of the OH group of the
constituent water, in addition to the binding vibrations of the
adsorbed water located at 1646 cm™. An absorption band
centered on 3620 cm is due to the valence vibrations of the
OH groups bound to the octahedral Al cations (Al-OH-Al) [18].
The Si-O bond is characterized by: The intense band located
between 900 - 1200 cm? and center around 1008.9 cm
corresponds to the valence vibrations of the Si-O bond [19].

3.1.3 Drawing the absorbance Amax curve (UV-Visible)

Using a spectrophotometer, the absorbance of the primary
domestic insecticide solution was measured and the maximum
wavelength was obtained, Amax = 320 nm, which is absorbance
in terms of change of concentration.
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Figure 4: Absorbance of insecticide

To track the impact of insecticide concentration in water,
we used a UV- Visible spectrophotometer to determine the
maximum wavelength of uptake of the insecticide and also to
determine the concentration of chemical species [20]. The
absorption wavelength at a value of 320 nm, and thus there
would be no sign of the visible light of absorption of the
insecticide which confirms that the insecticide is colourless.
The wavelength that corresponds to the highest absorption is
usually called lambda-max (Amax).

3.1.4 Adsorption Isotherms

To do this, we place a fixed mass of natural clay and Mnt-
Na, m = 1000 mg, in each of the insecticide solutions at
different initial concentrations (100, 200, 300,400,500 ppm) in
a volume of 5 ml at constant pH and temperature, and after the
end of the experiment the samples are placed in a centrifuge for
5 minutes at 2500 rpm, then we filter the solutions and measure
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the absorption ratio with a spectrophotometer. Figure. 5 below
show the results:
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Figure 5: Initial concentration effects

Where it is noted that the higher the initial concentration,
the greater the adsorption capacity to reach a maximum value
at the highest concentration (2.5 mg/g for natural clay and 2
mg/g for Mnt-Na, a concentration of 500 ppm). We can also
note the difference in adsorption capacity between natural clay
and sodium clay because it is greater in the former than in the
latter. This result is due to the fact that the presence of
deliberate interfoliar layers of the sodium element in the natural
clay. In addition, the high adsorption capacity of natural clay
relative to Mnt-Na is due to its large interfoliar surface, which
can absorb more polluting particles than sodium clay [21].

3.1.5 Effect of pH and temperature

To do this, we place a mass of 1 g of natural clay and 1g of
sodium clay separately in 10 ml of water contaminated with
domestic insecticide for 5. After placing the samples in a
centrifuge, filtering them and measuring the pH as a function
of temperature, we obtained the results shown in Figure 6. We
find that the raw clay has maintained the acidity of the medium
in the acid domain and that the influence of temperature has not
much influence on the pH [22]. Whereas the acidity in the Mnt-
Na has moved into the basic domain, this means that the
variation is very dramatic between N-C and Mnt-Na. Natural
clay can be said to play a major role in adsorbing organic micro
pollutants even at very high temperatures without the pH
varying. The low adsorption capacity in the acid field is due to
the presence of large quantities of H* hydrogen ions competing
with insecticide molecules for adsorption sites [23]. In addition,
the absence of this hydrogen ion effect in the basic range where
adsorption capacity is large and more stable. The reason for the
decrease in adsorption capacity with the increase in temperature
is due to the fact that the adsorption process is an exothermic
process, in addition, high temperature molecules have a high
kinetic energy [24]. Which reduces the risk of them
accumulating on the surface of the adsorbent material.
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Figure 6: The effect of changing the pH
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3.1.6 Effect of conductivity

Electrical conductivity characterizes the situation of a
material or a solution to let the electric charges move freely and
thus allow the passage of an electric current, and it is
determined by the content of dissolved substances, ion load,
ionization capacity, mobility and water temperature. We mixed
10 ml of concentration insecticide 500 ppm with 1 g of N-C and
1 g of Mnt-Na separately in two 50 ml bechers, and then we
determined the conductivity as a function of time.
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Figure 7: The impact on conductivity

Across the curve Figure.7, we observe that the conductivity
of the mixed natural clay/ insecticide it is decreasing, against
the conductivity sodium clay/ insecticide it is constant. So we
conclude that the insecticide applied to both clays, mobilizes
the mineral elements in the Mnt-Na by count in the N-C the
electric charge decreases from the mineralogical elements
present in the natural clay [25].

3.1.8 Turbidimetry analysis

The measurement of turbidity gives an indication of the
suspended solids content, it is measured in NTU
(Nephelometric Turbidity Unit) by a HANNA (HI88713-02),
we calibrated the device with calibration solutions of the order
of 0.1 NUT and 5 NUT, then we centrifuged and filtered the
insecticide-treated solutions at a concentration of 500 ppm and
we read the turbidity values at each time interval.
The turbidity values of a treated as a function of time are
presented in Table 2.

Table 2: Turbidity values of water polluted with time

Temps (min) 10 20 40 60 120
Insecticide (NTU) 252 243 242 240 2,39
N- Clay (NTU) 219 118 1,19 131 1.00
Mnt-Na (NTU) 225 217 213 212 198

In order to identify the most effective adsorbent material in
the removal of insecticide is it Mnt-Na or N-C, we will trace
the turbidity curve in function of time to make a comparison,
and we obtain Figure 8. Home insecticide is more troublesome,
with half the turbidity treatment with N-C clay significantly
reduced the turbidity values of the polluted water compared to
the Mnt-Na clay. The turbidity of the insecticide treated with
N-C clay was reduced by 72% and 20% for Mn-Na clay [26].
The reduction of the turbidity of the insecticide on both clays is
visible in Figure 8.
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Figure 8: The impact on turbidity

3.1.9 Dissolved oxygen analysis

The oxygen is the manometer on the degree of the water
pollution, the dissolved oxygen measures the concentration of
the oxygen dissolved in the water and it is expressed mg / | or
in percentage of saturation there. It contributes to the chemical
and biological processes in aquatic environment. According to
(Figure.9), the solubility of the oxygen decreases according to
the factor of dilution, this modification is a dominating
influence by organic matters reveal in the insecticide that
prevent the oxygen from dissolving it in the water, besides they
cause the decrease of the oxygen in every dilution [27]. We
filled the OD vial with the sample to be measured, and then we
left the sample at rest for 120 min. Then we started to read
oxygenate dissolved in insecticide and adsorbent/insecticide
mixture as a function of time. The results are shown in Table .3

Table 3: Dissolved oxygen values of water polluted with time

Temps (min) 20 40 60 80 120
Insecticide/O, (mg/l) 6.5 5.5 4.7 4.5 4.3
N-Clay /O, ( mg/l) 111 10.2 8.4 71 6.90
Mnt-Na / O, (mg/l) 9.6 9.2 7.10 6.90 6.50

In order to identify the most effective adsorbent material in
insecticide removal is Mnt-Na or N-C, we will plot the
dissolved oxygen (DO) curve over time to make a comparison,
and we obtain Figure 9. At first glance, insecticide treated with
N-C clay generally maintained the highest DO concentration at
the slow 120 minutes in heterogeneous medium gives many of
the DO values would differ between insecticide treated with
Mnt-Na and insecticide in homogeneous medium. This trend is
supported by almost total elimination of the insecticide. The
average content in waters of not polluted surface is 8 mg /I in
20°C and exceeds hardly 10 mg /| [28].

3.1.10. Antibacterial activity

Microbiological analysis of insecticide-sprayed water is to
provide information on water quality, under certain conditions,
the quantity of micro-organisms may exceed the tolerance
threshold of the organism and be responsible for infections that
cause disease [29]. It is therefore essential to take certain
precautions to reduce the rate of proliferation of its
microorganisms and thus avoid the deterioration of food. These
pathogenic  microorganisms include viruses, bacteria,
protozoons and helminths. In our case, common sense is to
express or reduce contamination after treatment. Four strains of
bacteria (Pseudomonas Aeruginosa, Klebsiella pneumonia,
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Escherichia coli, and Staphylococcus aureus [30]. Were used to
see the impact of these bacteria. The reading of four boxes of
betri incubated at 37°C for 48 hours informs us that water
contaminated with insecticide has a domestic use, has a
significant antibacterial activity revealed by the rings that locks
out bacterial strains of a visible diameter.
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Figure 9: The impact on Dissolved oxygen

Figure 10: Antibacterial activity

4 Conclusions

In this research, we studied the process of adsorption of a
domestic insecticide to the surface of natural clay and modified
clay and determined the effectiveness of each under different
conditions.It can be concluded that N-C was an appropriate
adsorbent to Mn-Na in the removal of household insecticide.
Heterogeneous treatment (natural clay/insecticide) by
adsorption of various samples of polluted drinking water has
proven effective in preserving the acidity of the environment,
ensuring the good conductivity of the water, reducing turbidity,
stabilizing dissolved oxygen. It is interesting to note that
antibacterial activity is observed on water polluted by the
method of discs on four bacteria in the gelosed culture medium,
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from where it can be said that there is a sensitivity to
antimicrobial agent’s against the insecticide. In addition, the
results obtained during this study confirm the practical interest
of the use of clays in the field of pollution of water
contaminated by the pollutants.

Ethical issue

Authors are aware of and comply with, best practices in
publication ethics specifically about authorship (avoidance of
guest authorship), dual submission, manipulation of figures,
competing interests, and compliance with policies on research
ethics. Authors adhere to publication requirements that the
submitted work is original and has not been published
elsewhere in any language. Also, all procedures performed in
studies involving human participants were following the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. All procedures
performed in this study involving animals were following the
ethical standards of the institution or practice at which the
studies were conducted.

Competing interests
The authors declare that no conflict of interest would
prejudice the impartiality of this scientific work.

Authors’ contribution
All authors of this study have a complete contribution to
data collection, data analyses, and manuscript writing.

References

(1) Sathishkumar, P., Mohan, K., Ganesan, A. R., Govarthanan, M.,
Yusoff, A. R. M., & Gu, F.L. (2021). Persistence, toxicological
effect and ecological issues of endosulfan — A review. Journal of
Hazardous Materials, 416,125-779.
https://doi.org/10.1016/j.jhazmat.2021.125779

(2) Tudi, M., Daniel Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell,
D., & Phung, D. T.(2021).Agriculture Development, Pesticide
Application and Its Impact on the Environment .International
journal of environmental research and public health, 18(3), 1112.
https://doi.org/10.3390/ijerph18031112

(3) Lozowicka, B., Kaczynski, P., Paritova, A. E., Kuzembekova, G.
B., Abzhalieva, A. B., Sarsembayeva, N. B., (2014). Pesticide
residues in grain from Kazakhstan and potential health risks
associated with exposure to detected pesticides. Food and
Chemical Toxicology, 64, 238-248.
https://doi.org/10.1016/j.fct.2013.11.038

(@) Anna Stavitskaya,Christina Shakhbazova, Yulia
Cherednichenko,Laysan (2020). Antibacterial properties and in
vivo studies of tannic acid stabilized silver-halloysite
nanomaterials.  Clay  Minerals,55(2), pp. 112 -
119..https://doi.org/10.1180/clm.2020.17

(5) Teodosiu, C., Gilca, A. F., Barjoveanu, G., & Fiore, S. (2018).
Emerging pollutants removal through advanced drinking water
treatment: assessment .Journal of cleaner production, 197,1210-
1221. https://doi.org/10.1016/j.jclepro.2018.06.247

(6) Wang, Shuai, et al (2018). "Prevention of cyclophosphamide-
induced immune suppression in mice with the antimicrobial
peptide sublancin.” Journal of immunology research,1-11.
https://doi.org/10.1155/2018/4353580

(7) Sharma, R. K., Singh, P., Setia, A.,, & Sharma, A. K.
(2020). Insecticides and Ovarian Functions. Environmental and
molecular mutagenesis 61(3),369-392
https://doi.org/10.1002/em.22355

(8) Musa, M. A., & Idrus, S. (2021). Physical and Biological Treatment
Technologies of Slaughterhouse Wastewater: A Review
Sustainability, 13(9), 4656. https://doi.org/10.3390/su13094656

(9) L. Kaluderovi¢, Z. Tomic, L. Zivotié¢ (2020).Adsorption behaviour
of clomazone on inorganic and organically modified natural


https://doi.org/10.1016/j.jhazmat.2021.125779
https://doi.org/10.3390/ijerph18031112
https://doi.org/10.1016/j.fct.2013.11.038
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Anna%20Stavitskaya&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Christina%20Shakhbazova&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Yulia%20Cherednichenko&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Yulia%20Cherednichenko&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=L%C3%A4ys%C3%A4n%20Nigamatzyanova&eventCode=SE-AU
https://www.cambridge.org/core/journals/clay-minerals
https://www.cambridge.org/core/journals/clay-minerals/volume/DFBDC07D233CD2D6021C836990C2454F
https://doi.org/10.1180/clm.2020.17
https://doi.org/10.1016/j.jclepro.2018.06.247
https://doi.org/10.1155/2018/4353580
https://doi.org/10.1002/em.22355
https://doi.org/10.3390/su13094656
https://www.semanticscholar.org/author/L.-Kalu%C4%91erovi%C4%87/14325587
https://www.semanticscholar.org/author/Z.-Tomic/50507940
https://www.semanticscholar.org/author/L.-%C5%BDivoti%C4%87/87702787

Journal of Environmental Treatment Techniques

2023, Volume 11, Issue 2, Pages: 82-87

montmorillonite  from  Bogovina  (Serbia).ClayMinerals,
55(4),pp.342-350.https://doi.org/10.1180/cIm.2021.3

(10) Leahy, J., Mendelsohn, M., Kough, J., Jones, R., & Berckes, N.
(2014). Biopesticide Oversight and Registration at the U.S.
Environmental Protection Agency State of the art and future
opportunities,3-18.https://doi.org/10.1021/bk-2014-1172.ch001

(11) Singh, M., Sarkar, B., Hussain, S., Ok, Y. S., Bolan, N. S. (2017)
Influence of physico-chemical properties of soil clay fractions on
the retention of dissolved organic carbon Environmental
geochemistry and health 39(6), 1335-1350.
https://doi.org/10.1007/s10653-017-9939-0

(12) Bouazza, F., Benguella, B., & Soussi, S. (2018). Elimination of
the pesticide by natural and modified clays. Canadian Journal of
Chemistry, 96(11), 975-983. https://doi.org/10.1139/cjc-2018-
0148

(13) Antonelli, Raissa, et al. (2020). Journal of Environmental
Chemical Engineering.8(6): 104-
553. https://doi.org/10.1016/j.jece.2020.104553

(14) Freitas, A. L. P. D. L., Tonini Filho, L. R., Calvéo, P. S., (2017).
Adsorption of ciprofloxacin onto thermally modified bentonite
clay: PolymerTesting, 62,189-195.
https://doi.org/10.1016/j.polymertesting.2017.06.030

(15) El Miz, M., Akichoh, H., Berraaouan, D., Salhi, S., & Tahani, A.
(2017). Chemical and Physical Characterization of Moroccan
Bentonite Taken from Nador (North of
Morocco).Am.j.Chem,7(4),105-112.https://doi.org/
10.5923/j.chemistry.20170704.01

(16) Ravindra Reddy, T., Kaneko, S., Endo, T., & Lakshmi Reddy, S.
(2017). Spectroscopic Characterization of Bentonite.Journal of
Lasers,Optics et photonics,4,1-4.https://doi.org/10.4172/2469-
410X.1000171

(17) Sadat, A., & Joye, I. J. (2020).Peak Fitting Applied to Fourier
Transform Infrared and Raman Spectroscopic Analysis of
Proteins. Applied Sciences, 10(17),5918
.https://doi.org/10.3390/app10175918

(18) Satlaoui, Yosra, et al. (2019). Removal Properties, Mechanisms,
and Performance of Methyl Green from Aqueous Solution Using
Raw and Purified Sejnane Clay Type. Journal of
Chemistry. https://doi.org/10.1155/2019/4121864

(19) Sahu, D. K., Rai, J., Bhatt, C., Rai, M. K., Goswami, J., Sahu, A.
K., & Mundeja, P. (2018) . UV-visible spectrophotometric
determination of lambda - cyhalothrin insecticide in vegetables,
soil and water samples. Journal of Ravishankar University, 31(1),
1-9. https://doi.org/: 10.52228/JRUB.2018-31-1-1

(20) Mabrouk, Serraoui, et al. (2020)"Adsorption capacity of pollutants
by using local clay mineral from urban wastewater Touggourt
(South-East ~ Algeria). Asian Journal of Research in
Chemistry 13.2: 85-90. https://doi.org/10.5958/0974-
4150.2020.00018.8

(21) Ahmed, A., et al. "XRD (2018)." XRD and ATR/FTIR
investigations of various montmorillonite clays modified by
monocationic and dicationic imidazolium ionic liquids.Journal of
Molecular Structure 1173:653-664
https://doi.org/10.1016/j.molstruc.2018.07.039

(22) Roy, Biplab, and Ajay Kumar Manna (2021):. "The Status of
Surface Water in West Tripura District, India: An Approach by
Using Water Quality Index and Multivariate Statistical
Technique." Asian  Journal of Water, Environment and
Pollution 18.2 27-36.

(23) Guo, Z., Wei, C., Wang, S., Qi, F., He, Z., Majeed, U., & Huang,
J. (2022) Crystal structure analysis of three (E)-N-(3-methyl,5-
fluorinephenyl)-2-(4-substituted benzylidene) Experimental and
theoretical studies . Journal of Molecular Structure, 1247,131-
383 https://doi.org/10.1016/j.molstruc.2021.131383

(24) Bagamla, W., Raphael, D., Massai, H., & Benoit, L. B. (2021)
Adsorption of Triterpene Extracts of Momordica charantia
(Cucurbitaceae) Leaves by Local Kaolin from Boboyo,
(Cameroon) .American Journal of Chemical and Biochemical
Engineering, 5(1), 8-20. https;//doi/
10.11648/j.ajcbe.20210501.12

(25) Li, H., Wang, F., Li, J., Deng, S., & Zhang, S. (2021) .Adsorption
of three pesticides on polyethylene microplastics in aqueous
solutions: Kinetics, isotherms, thermodynamics,.

87

Chemosphere, 264, 128-
556..https://doi.org/10.1016/j.chemosphere.2020.128556

(26) Arenas-Sanchez, A., Lopez-Heras, 1., Nozal, L., Vighi, M., &
Rico, A. (2019). Effects of increased temperature, drought and an
insecticide on freshwater Environmental toxicology and
chemistry, 38(2),396-411.https://doi.org/10.1002/etc.4304

(27) Chara-Serna, A. M., Epele, L. B., Morrissey, C. A., & Richardson,
J. S. (2019). Nutrients and sediment modify the impacts of a
neonicotinoid insecticide on freshwater community structure and
ecosystem functioning. Science of the Total Environment, 692,
1291-1303. https://doi.org/10.1016/j.scitotenv.2019.06.301.

(28) Rezgui, S., Monser, L., Amrane, A., & Adhoum, N. (2021).
Removal of Amitraz insecticide by heterogeneous UV-Fenton
process using metals supported on chitosan beads as catalyst
Progress Sustainable
Energy, 40(2),13518.https://doi.org/10.1002/ep.13518

(29) Mark O. Gessner,(2016) Fostering integration of freshwater
ecology with ecotoxicology., Freshwater biology vol 61., pp 1991-
2001, https://doi.org/10.1111/fwb.128520.

(30) UmerYounas., Shahidlgba 1(2017) .Fertilizer industrial effluents:
Physico-chemical characterization and water quality parameters
evaluation. Acta Ecologica Sinica, pp236-239
https://doi.org/10.1016/j.chnaes.2017.02.002


https://doi.org/10.1180/clm.2021.3
https://doi.org/10.1021/bk-2014-1172.ch001
https://doi.org/10.1007/s10653-017-9939-0
https://doi.org/10.1139/cjc-2018-0148
https://doi.org/10.1139/cjc-2018-0148
https://doi.org/10.1016/j.jece.2020.104553
https://doi.org/10.1016/j.polymertesting.2017.06.030
https://doi.org/10.3390/app10175918
https://doi.org/10.1155/2019/4121864
https://doi.org/10.52228/JRUB.2018-31-1-1
https://doi.org/10.1016/j.molstruc.2018.07.039
https://doi.org/10.1016/j.molstruc.2021.131383
https://doi.org/10.1016/j.chemosphere.2020.128556
https://doi.org/10.1002/etc.4304
https://doi.org/10.1016/j.scitotenv.2019.06.301
https://doi.org/10.1002/ep.13518
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Gessner%2C+Mark+O
https://doi.org/10.1111/fwb.128520
https://www.sciencedirect.com/science/article/abs/pii/S1872203216301081#!
https://www.sciencedirect.com/science/article/abs/pii/S1872203216301081#!
https://www.sciencedirect.com/journal/acta-ecologica-sinica
https://doi.org/10.1016/j.chnaes.2017.02.002

