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INTRODUCTION

Abamectin (ABM), a type of insecticide and 
acaricide, from the avermectin family is raising 
concerns about its lasting impact on the environ-
ment and potential harm to target organisms. This 
chemical, known for its properties can cause skin 
and eye irritation harm the nervous system, and 
pose environmental risks if inhaled or ingested. 
The exposure to substances like ABM could re-
sult in harm to the lungs, cause chemical burns, 
neurological impacts, and potentially lasting 
health complications, like forms of cancer. There-
fore, handling and using of this type of harmful 
chemicals is subject to restricted instructions.

There are several ways that have been applied 
successfully to remove abamectin from water 
systems, including adsorption process, reverse 

osmosis, photo Fenton oxidation, and electroco-
agulation. However, among all of these processes, 
adsorption process is considered as the most cost-
effective approach due to simplest setup, low capi-
tal cost, and minimal required footprint (Abdulrah-
man et al., 2018). The utilization of water hyacinth 
(WH) to remove ABM from aqueous solutions via 
adsorption process has been applied efficiently 
(Nafisyah et al., 2022; Salman et al., 2021).

A great deal of recent research work has fo-
cused on identifying adsorbents, such as fungi 
(Bingol et al., 2004), lignin (Šćiban et al., 2011), 
plants (Zuo et al., 2012), water hyacinth Eichhori-
na crassipes (Li et al., 2013), alginate (Singh and 
Balomajumder, 2021), algae (Areco et al., 2012), 
and some other natural materials (Sharma and 
Bhattacharyya, 2005). These eco-friendly adsor-
bents are beneficial as they can be conveniently 
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disposed of by incineration once saturated (Li et al., 
2013). Water hyacinth, also known as Eichhornia 
crassipes, quickly spreads in water bodies globally 
raising concerns due to its rapid expansion across 
continents and countries (Hashem et al., 2020).

This study explored water purification tech-
niques with a focus on extracting a substance 
from water known as an adsorbent. Since the 
1980s, water hyacinth has been utilized to tackle 
water pollution; it has recently gained recogni-
tion for its ability to effectively remove dyes. 
However, Yerima et al. (2024) studied the pho-
tocatalytic degradation processes of Acid Blue 
Dye using zinc oxide nanoparticles extracted 
from Senna siamea flower (ZnO-S.S.). The re-
moval efficiency of 99% was attained in 150 
minutes of contact time with 150 mg of catalyst 
dosage at an initial acid blue concentration of 10 
mg/L. Moreover, Arif et al. (2023) used copper 
oxide nanoparticles (CuO NPs) extracted from 
Chenopodium album leaves. The results showed 
that removal rates of 53.61% and 57% of Ab-
amectin and atrazine after 180 minutes of con-
tact time were achieved, respectively. In another 
study, phytoremediation of WH was testified 
for synchronized removal of phenol and cya-
nide. The removal rate of phenol and cyanide was 
96.42% and 92.66% at 300 mg/L and 30 mg/L of 
pollutants concentration, respectively, in 13  days 
at pH 8.0 (Singh and Balomajumder, 2021). Re-
searchers have different approaches; some investi-
gate the properties of water hyacinth for adsorption 
purposes, while others experiment with modified 
versions of water hyacinth-based adsorbents.

The primary goal was to assess the effec-
tiveness of water hyacinth, in eliminating pol-
lutants from bodies of water. Enhancing the 
characteristics of a material by immobilizing it 
in a polymeric structure facilitates easier sepa-
ration and enables the biomass to be recovered 
and reused rendering it a favorable method in 
reactors. Sodium alginate is widely utilized as 
a matrix for immobilizing biosorbents. The se-
lection of the immobilization platform has an 
influence, on how immobilized biomass is uti-
lized in environmental settings of immobilized 
biomass, the mechanical strength and chemical 
resistance of the particle are influenced by vari-
ous factors. Lastly, the research considered the 
following aspects (pH, WH dose, ABM concen-
tration, contact time, particle size, and shaking 
speed) to examine the removal efficiency of Ab-
amectin by WH.

Materials and methods

Chemicals

The sodium alginate (SA) (NaC6H7O6), used 
in this research was purchased from Special In-
gredients Ltd. on Amazon. SA is a powder that 
can range in color from white to yellow and orig-
inates from plants. Abamectin C48H72O14(B1a) 
and C47H70O14(B1b) were supplied as a color-
less solid by Alpha Chemikaan company, India. 
In addition to sodium hydroxide, hydrochloric 
acid, and calcium chloride, were imported by 
Pan ReacAppliChem ITW Reagents, Spain, 
from the respective local markets.

Water hyacinth as adsorbent

Water hyacinth was collected from Mosul 
City’s Tigers River bank, cleaned, separated, 
and dried. The biomass was then compressed 
and filtered to obtain particle sizes ranging from 
63 to 125 µm. The process involved cleaning, 
drying, and compressing the samples. The cel-
lulose in this aquatic plant, with numerous hy-
droxyl groups, significantly influences adsorp-
tion (Madikizela, 2021). Chemical processing of 
WH-based adsorbents can increase their surface 
area, enhancing their adsorption capacity, as the 
specific surface area directly influences adsorp-
tion (Kumar and Chauhan, 2019). The study used 
sodium alginate to immobilize WH biomass, a 
biopolymer with potential applications in organic 
pollutant sorption studies. The resulting alginate 
biomass slurry was mixed with 0.1 M CaCl2 to 
create beads with a diameter of 54 mm. The beads 
were treated, washed twice and kept in CaCl2 at 
4 °C, for use (Mahamadi and Mawere, 2014). An 
orbital shaker was utilized in the research to in-
vestigate the absorption of ABM in water solu-
tions. The best absorption conditions were iden-
tified by adjusting factors, such as pH levels (3, 
5 and 11) stirring speed (100, 200 and 300 rpm) 
ABM concentration (10, 30 and 60 mg/L) par-
ticle size (2, 5 and 8 µm) and WH dosage (0.5–2 
g/100 ml). The study assessed how these vari-
ables influenced the efficiency of abamectin re-
moval. Equations 1 and 2 were used to calculate 
the percentages of ABM absorption and elimina-
tion (Majlesi and Hashempour, 2017).

	 𝑞𝑞𝑒𝑒 = (𝐶𝐶0 − 𝐶𝐶𝑒𝑒) 𝑉𝑉
𝑊𝑊  ×  100 (1) 

𝑅𝑅𝑅𝑅 =  (𝐶𝐶0 − 𝐶𝐶𝑒𝑒
𝐶𝐶0

) × 100 (2) 

 
𝑌𝑌 = 𝛽𝛽𝛽𝛽 + Σ𝛽𝛽iXi + Σ𝛽𝛽iiXi2 + Σ𝛽𝛽ijXiXj (3) 
 

	 (1)

	

𝑞𝑞𝑒𝑒 = (𝐶𝐶0 − 𝐶𝐶𝑒𝑒) 𝑉𝑉
𝑊𝑊  ×  100 (1) 

𝑅𝑅𝑅𝑅 =  (𝐶𝐶0 − 𝐶𝐶𝑒𝑒
𝐶𝐶0

) × 100 (2) 

 
𝑌𝑌 = 𝛽𝛽𝛽𝛽 + Σ𝛽𝛽iXi + Σ𝛽𝛽iiXi2 + Σ𝛽𝛽ijXiXj (3) 
 

	 (2)
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where: qe, solute adsorbed weight, per unit weight 
of sorbent is measured in milligrams per 
gram (mg/g). Re, removal efficiency is 
expressed as a percentage (%). The initial 
concentration of ABM in the solution is de-
noted by C0 in milligrams per liter (mg/L) 
while the final equilibrium concentration 
of ABM is represented by Ce in milligrams 
per liter (mg/L). V stands for the volume of 
the solution in liters. W indicates the mass 
of the adsorbent, in grams.

RESULT AND DISCUSSION

Response surface methodology (RSM) analysis

The research employed design of expert 
software (DOE) and the Central Composite De-
sign (CCD) to examine how ABM concentra-
tion WH dose, shaking speed, particle size, pH 
and contact time impact adsorption processes 
through the use of models and regression Equa-
tions (Table 1) (Salam et al., 2015).
	 Y = βo + ΣβiXi + ΣβiiXi2 + ΣβijXiXj	 (3)

The study analyzed data using a probability 
of error (P) value and CCD to optimize the inter-
action effect of independent components.

Optimization representation

Experiments assessed ABM removal percent-
age from aqueous solution using CCD as illus-
trated in Equation 4, creating a regression mod-
el using RSM historical data design, modified 
manually, and obtained the final empirical model 
(Majlesi and Hashempour, 2017). Figure 1 shows 
predicted and actual ABM removal percentages, 
with reasonable correlations. The experimental 
range was described by the increase in ABM con-
centration, reduction in removal, and increase in 
WH dose, as shown in Table 2. 
	 %RE = 76.16 + 0.0481B + 0.7459C –
	 – 1.60D + 2.37E + 12.76F –15.08BC–
	 – 7.02C2 – 5.44D2 – 11.83E2 – 14.13F2	 (4)

Effect of pH on adsorption

Figure 2 shows that ABM adsorption on 
immobilized WH at different pH values is sig-
nificantly influenced by changes in solution 

Table 1. Experimental range and levels of the independent variables
Name Goal Lower limit Upper limit Lower weight Upper weight Importance

A: Abamectin concentration Is equal to 35 10 60 1 1 3

B: Dose of Eichhornia crassipes Is in range 0.5 2 1 1 3

C: pH range Is in range 3 11 1 1 3

D: Particle size Is in range 2 8 1 1 3

E: Shaking speed Is in range 100 300 1 1 3

F: Time Is in range 5 180 1 1 3

Removal efficiency Maximize 7.65 95.65 1 1 3

Figure 1. Relation between predicted and actual data of ABM removal
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Table 2. Results of experiments according to CCD
Run ABM conc Dose of WH pH range Particle size Shaking speed Contact time Removal %

1 35 0.0761866 7 5 200 92.5 85.67

2 74.1271 1.25 7 5 200 92.5 83.32

3 10 2 3 8 300 180 68.32

4 60 0.5 11 2 300 180 58.75

5 10 0.5 11 2 100 180 75.65

6 35 1.25 0.739662 5 200 92.5 50.21

7 35 1.25 7 5 356.508 92.5 59.65

8 35 1.25 7 5 200 229.445 60.28

9 35 1.25 7 0.304746 200 92.5 63.54

10 60 2 11 8 100 5 11.45

11 10 0.5 11 8 300 180 60.24

12 35 1.25 13.2603 5 200 92.5 65.23

13 35 1.25 7 5 200 92.5 71.23

14 60 2 3 2 300 180 73.32

15 10 0.5 3 2 100 5 7.65

16 35 1.25 7 5 200 92.5 72.35

17 60 2 3 8 100 180 59.64

18 35 2.42381 7 5 200 92.5 64.23

19 10 0.5 3 8 300 5 9.25

20 60 0.5 3 8 100 5 7.65

21 -4.12711 1.25 7 5 200 92.5 55.32

22 60 0.5 3 2 300 5 9.98

23 35 1.25 7 5 200 92.5 80.35

24 35 1.25 3 5 200 130 95.65

25 10 2 3 2 100 180 73.25

26 60 2 11 2 300 5 12.32

27 60 0.5 11 8 100 180 58.65

28 10 2 11 2 100 5 7.85

29 35 1.25 7 5 200 92.5 81.23

30 35 1.25 7 5 200 -44.4449 20.35

31 10 2 11 8 300 5 16.23

32 35 1.25 7 9.69525 200 92.5 59.65

33 35 1.25 7 5 43.4915 92.5 32.25

pH, as hydrogen ions affect the surface charge 
of both adsorbents and adsorbate species, re-
sulting in decreased adsorption (Mishra et al., 
2021; Liu et al., 2020). The optimal pH value 
for a solution is 3, as increased positive ions 
in acidic medium increase hydrogen bonds be-
tween charged groups and polymer surfaces. 
Adsorption increases with decreasing pH due 
to the attraction forces between positively 
charged surfaces and pesticides. Surface chem-
istry theory suggests electrostatic interactions 
encircle both polymer particles and pesticide 
molecules (Abdulrahman et al., 2018).

Effect of the initial ABM concentration 
and contact time on adsorption

The adsorption of ABM on WH at differ-
ent doses (10, 30, and 60 mg/L), with fixed pa-
rameters like WH concentration, pH, shaking 
speed, and particle size are shown in Figure 3. 
The maximum ABM removal is at 30.0 mg/L. 
Adsorption increases significantly between 10 
and 30 mg/L, but not at 60 mg/L, as the adsorp-
tion sites become saturated (Ali et al., 2016). 
The optimal concentration of 30 mg/L of ABM 
was suggested, resulting in 95.65% removal, 
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and longer contact duration did not increase ad-
sorption (Ajala, 2018). Thus, the ideal adsorp-
tion time was determined to be 180 minutes.

Effect of WH biomass dosage on adsorption

The adsorption dynamics of ABM on immobi-
lized WH under different doses, with fixed param-
eters like ABM concentration, pH, shaking speed, 
and particle size. The biomass dosage is crucial for 
determining the capacity of the biosorbent for a 
specific initial concentration (Akbari, 2015). The 
study examined the impact of adsorbent weight on 
the efficiency of ABM removal by WH. Results 
showed that increasing adsorbent weight from 0.5 
to 1 g/L increased the percentage of ABM removal 
to 95.65%, possibly due to more active sites in the 

solution (Cengiz, 2012; Wanyonyi et al., 2014). As 
shown in Figure 4, the increase in WH dose leads 
to a decrease in removal efficiency due to the ag-
gregation of adsorption sites, which reduces in-
tercellular distance and shields binding sites from 
contaminants (Sayğili and Güzel, 2016). These 
findings led to the conclusion that the ideal dosage 
for WH was 1 g/L.

Effect of particle size on adsorption

Figure 4 illustrates the dynamics of ABM ad-
sorption on immobilized (WH) at varying sizes 
2.5 μm and 8 μm. The other fixed parameters 
were ABM concentration (30 mg/L), pH 3, shak-
ing speed (200 rpm), and WH dosage (1 g/L). All 
adsorption processes depend on the size of the 

Figure 2. 2D contour plots express and 3D surface plot of pH on removal process

Figure 3. 2D contour plots express and 3D surface plot of ABM concentration on removal process
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Figure 4. 2D contour plots express and 3D surface plot of immobilized WH biomass amount on removal process

Figure 5. 2D contour plots express and 3D surface plot of particle size on removal process

adsorbent particle, since it is a crucial sorption 
property (Vijayaraghavan and Yun, 2008). The 
relationship between the sorbent particle size 
and ABM removal effectiveness is depicted in 
Figure 5. The results show that the removal ef-
fectiveness increased together with the decrease 
in particle size from 8 to 5 μm. As the particle 
size decreases, the adsorption rate is relatively 
greater due to the increasing surface area. Fine 
particles tend  to equilibrate more quickly than 
larger particles. An increase in the overall sur-
face area probably created more adsorbent ad-
sorption sites (Bai and Abraham, 2001).

Influence of agitation speed on adsorption

The study demonstrates that the removal ef-
fectiveness of ABM on immobilized WH increas-
es with agitation speed from 100 to 200 rpm. The 

agitation speed affects the solute distribution in 
the bulk solution and the external boundary film. 
The increased turbulence around the adsorbent 
particles decreases film resistance to mass trans-
fer, improving efficiency. The results suggest that 
a 200 rpm agitation speed is adequate for maximal 
removal by minimizing the boundary layer thick-
ness. Vasanth et al. (2006) and Ong et al. (2007)  
increased agitation speed enhances adsorption by 
decreasing film resistance, improving the process. 
However, higher speeds can cause turbulence and 
shorten contact time due to the non-homogeneity 
of sorption mixtures. The vortex phenomena con-
tribute to this non-homogeneity, with 200 rpm 
being the optimal shaking speed (Parvathiet al., 
2007). As a result, 200 rpm will be the optimum 
shaking speed, as depicted in Figure 6.
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CONCLUSIONS

The study outlined that immobilized white 
hyacinth is a cost-effective catalyst for remov-
ing insecticides, such as ABM. The low applica-
tion costs, high production rates, stability under 
various climatic conditions, and environmental 
friendliness are the main outputs. Moreover, the 
flexibility of WH catalytic performance in dif-
ficult circumstances i.e. low pH = 3.0 and rela-
tively high dosage of ABM pollutant has new 
insight for using such adsorbent. The study used 
response surface methodology to optimize the 
influence of experimental parameters on ABM 
removal efficiency. The optimum conditions for 
attaining a high removal efficiency of 95.65% 
were found to be an ABM concentration of 30 
mg/L, a contact time of 180 minutes, a shaking 
speed of 200 rpm, a solution pH of 3, and an 
adsorbent dosage of 1 g/L. In addition, because 
of its simplicity and efficiency, the immobilized 
waste could be used often. Additional research is 
necessary to investigate the effectiveness of WH 
via other indicators, such as photocatalytic pro-
cesses, using different forms of pollutants pes-
ticides, insecticides, or dyes as pollutants, and 
stating water temperature effects.
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