
J Mater Sci Manufac Res, 2025

Open    Access

Journal of Material Sciences & 
Manufacturing Research

ISSN: 2754-4915

     Volume 6(6): 1-6

Research Article

Biosorption Of 4,4-Ddt from Aqueous Solution Using Moringa 
Oleifera Pods
1Department of Chemistry, Faculty of Applied and Computer Sciences, Vaal University of Technology, Vanderbijlpark, 1911, South Africa

2Institute of Chemical and Biotechnology, Faculty of Applied and Computer Sciences, Vaal University of Technology Southern Gauteng Science and Technology 
Park, Sebokeng, 1983, South Africa

3Department of Chemical Sciences, Faculty of Natural, Applied and Health Sciences, Anchor University, Lagos, Nigeria

Mokete John Phele1, 2*, Fanyana Moses Mtunzi1, 2, Joe Modise1 and Ikechukwu P Ejidike3 

*Corresponding author
Mokete John Phele, Department of Chemistry, Faculty of Applied and Computer Sciences, Vaal University of Technology, Vanderbijlpark, 1911, 
South Africa.

Received: June 19, 2025; Accepted: June 21, 2025; Published: June 28, 2025

Keywords: Adsorption Isotherms, Pesticides, Moringa Oleifera 
Pods, Kinetics, 4,4-DDT

Introduction
Water quality is currently harmed by the presence of hazardous 
chemicals, pathogens and radioactive waste in many developing 
countries. The primary recipients of pollutants released either 
directly or indirectly from a diverse natural and man-made 
sources, such as industrial and municipal effluent, and will then 
be discharged to rivers and lakes [1,2]. Given the possible health 
risks posed by several contaminants, their pollution poses a hazard 
to human health [3,4]. Among these pollutants, pesticides are used 
globally to control insects that can cause and spread some dangerous 
diseases as well as parasites in agricultural soils [2]. Persistent 
organic pollutants (POPs), in¬cluding organochlorine pesticides 
(OCPs), are of global concern because of their toxicity, re¬sistance 
to degradation, potential for long-term transport and their tendency 
to accumulate in fatty tissues (lipophilicity), the latter of which 
renders them likely to bio-accumulate through the food chain [5]. 
Organochlorine pesticide such as Dichlorodiphenyltrichloroethane 
(DDTs) are known to have a bioaccumulative nature because of 
their high lipophilicity and persistence.

In this regard, finding efficient ways to extract this dangerous 
substance from water is essential. Many studies dealings with the 
removal of pesticides from water have been reported and relatively 
few works have reported on the removal of high concentrations 
of pesticides from water [6]. Several methods are available for 
pesticide removal such as solid-phase extraction, photocatalysis, 
photo-fenton, flocculation, ion-exchange, chlorination and 
ozonisation and adsorption [7-13].

Compared with the different available technologies for the removal 
of pesticides, adsorption is the most analysed due to its flexibility, 
simplicity, low cost, and ease of use [14-16]. In addition, it is 
known for its low consumption of energy and relatively high 
adsorption capacity [17]. This study aims to investigate the 
potential of this low-cost biosorbent, M. oleifera pods (MOP) 
for the removal of 4,4-DDT from aqueous solution. Parameters 
such as pH, adsorbent dose, and adsorbate concentration that might 
influence the adsorption efficiency were investigated.

Experimental
Material and Methods 
All reagents were of analytical and HPLC grade (Merck, South 
Africa). Anhydrous sodium sulphate, 99.5% pure, was deactivated 
by drying in the muffle furnace at 400 °C for 3 h before use. 
All solvents were subjected to distillation three times before 
use and were in a range of 99.0 to 99.5% pure. OCP standards 
were obtained from Department of Water and Sanitation (DWS) 
research laboratory in Pretoria, South Africa. Kieselgel Merck 
Type 77754, 70 to 230 mesh 100 µm was purchased from Sigma-
Aldrich, South Africa.

Collection and Preparation of Moringa Oleifera Pods
Moringa oleifera pods (MOP) were collected from trees in Limpopo 
farm near Polokwane. Shortly after being collected, the pods were 
thoroughly cleaned with doubly distilled deionized water to get 
rid of any water-soluble contaminants, and they were then oven-
dried for 24 hours at 105°C. The washed and dried material was 
pulverized (by mortar and pestle) and sieved to different mesh 
sizes. The sieved material was rewashed thoroughly with doubly 
distilled deionized water to remove the fine particles and dried 
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for 4 hours at 105°C. The material was treated with 0.1M nitric 
acid and methanol for 4 hours to remove inorganic and organic 
matter from the sorbent surface and dried in an electric furnace. 
The treated and untreated materials were placed in a desiccator 
to be used as sorbents.

Batch Contact Adsorption Experiments
The effects of various parameters on 4,4-DDT adsorption by 
MOP were investigated using batch contact adsorption at 25 °C. 
These experiments were performed with 100 ml of DDT solution 
(initial concentration 10-100 mg/L), at different contact times 
(30-360min), adsorbent dosage (1-12 g/L) and pH values (2 -12). 
For adsorption equilibrium studies 10 mg adsorbent was placed 
in a series of conical flasks (150 mL) each one containing 100 
mL of different initial DDT concentrations (10-100 mg/L) at pH 
3.0. The conical flasks were shaken in a rotary orbital shaker at 
150 rpm for 60 min. 

The experiments were carried out in replicate (n = 3), and blanks 
were performed. The amount of DDT adsorbed per gram of 
adsorbate at equilibrium (qe), at any time (qt) and the DDT removal 
percentage (R) were obtained by the Eqs. (1) – (3), respectively:

                                                                                    (1)

                                                                                    (2)

                                                                                    (3)

Where Co is the initial DDT concentration (mg/L), Ce is 
the equilibrium DDT concentration (mg/L), Ct is the DDT 
concentration at any time (mg/L), m is the adsorbent amount (g) 
and V is the volume of DDT solution (L).

Adsorption Kinetic Modelling
The successful adsorption process depends on the kinetic 
parameters. By understanding the adsorption kinetics, the process 
may be designed and carried out more effectively. Several kinetic 
models are used to investigate the processes controlling biosorption 
of adsorbate as well as the rate of mass transfer. Pseudo-first order 
(PFO) and pseudo second order (PSO) were employed to fit the 
experimental data. The equations for the models in their non-
linearized form are given below. 

The PFO rate equation (also, known as Lagergren equation) and 
the PSO kinetic model are represented in Eqs. 7 and 8 [18].

                                                                                   (7)

                                                                                   (8)

Where qe and qt are the sorption capacity at equilibrium and at time 
t, respectively (mg/g) and k1 is the rate constant of pseudo-first-
order sorption (min-1). k2 is the pseudo-second-order rate constant 
(g/mg/min), qe is obtainable by a linear regression analysis of the 
t / qt = f (t) function.

Adsorption Thermodynamics
In order to understand the adsorption process, the three main 
adsorption thermodynamic parameters, standard free energy 

(∆G0), standard enthalpy (∆H0), and standard entropy (∆S0), 
were calculated. The thermodynamic equilibrium constant is 
approximately equal to the Langmuir adsorption constant [19]. The 
thermodynamic parameters were calculated through the following 
equations:

                                                                                      (4)

Where KL is the equilibrium constant obtained from Langmuir 
model, T the absolute temperature (K) and the universal gas 
constant R=8.314×10−3 kJK−1mol−1. The relationship between K 
and thermodynamic parameters of ΔH and ΔS can be described 
by the Van’t Hoff correlation in the following equation [20,21]:

                                                                                        (5)

Results and Discussion
The major functional groups present in the MOP was characterized 
by infrared analysis. In the Figure 1 are given FTIR spectra of 
treated moringa oleifera pod before and after 4,4-DDT adsorption.

Figure 1: FTIR Spectra of Treated MOP Before and After 4,4-
DDT Adsorption

For both FTIR spectrum (Figure 1), peaks were detected in the 
range of 3200-3500 cm-1; these can be attributed to the presence of 
hydroxyl groups in proteins, fatty acids, carbohydrates and lignin 
[22,23]. It is significant to remember that the peak at 3382 cm-1 was 
discovered prior to the adsorption. This displacement occurs due to 
the hydrogen bond established [24]. The band ranging from 1800 
to 1600 indicates the presence of stretches of C = O, which are 
associated with fatty acids and protein structures. One single peak 
was found at 1715 for each FT-IR spectrum which also represents 
stretching vibrations of carboxylic groups [25]. The presence of 
these components can be noticed once again by the peaks at 1259 
and 1264 cm-1 [26]. Another peak shift occurred with the 1610 
peak to 1587 cm−1 after the sorption procedure. This behaviour 
can be attributed to any modification on the biosorbent surface, 
since the DDT contains carbonyl groups, secondary and tertiary 
amines that allow the formation of hydrogen bonds and charge 
transfer complexes between the components involved [27]. Peaks 
at 1430 and 1237 cm-1 found are assigned to axial deformations 
of C–N groups in amines and amides.

Scanning Electron Microscopy 
Figure 2 displays an image of the MOP at 400 magnification 
levels. The macro porous structure, fibrous structure, and highly 
variable morphological feature are all visible. The SEM of the 
MOP clearly shows that the morphology did not have regular 
shape and size, and presents porosity.
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Figure 2: SEM Micrograph of Treated MOP

Mesoporous structures with a range of pore diameters are seen 
in the MOP micrographs. Because of the bonding voids that are 
available for DDT, these surface characteristics would lead to 
high bonding. Around the edges, tiny holes were discovered, 
suggesting the potential for sorption on a smaller scale. This 
structure facilitates the processes of ion adsorption, due to the 
interstices and, more importantly, to the presence of the protein 
component of the seed. Thus, based on these characteristics, it can 
be concluded that this material has an adequate morphological 
profile for retaining 4,4-DDT.

Thermogravimetric Analysis
Thermogravimetric analysis was used to characterize the 
decomposition stages and thermal stability of the MOP. The 
mass loss curve for one sample can be observed in Figure 3, 
showing a typical profile that indicates several stages of the 
decomposition process. This thermogravimetric curve verifies 
the sample heterogeneity, since the intermediates formed are 
a mixture of several components. The mass loss curve can be 
divided into three stages:
•	 From 30oC to 124oC mass loss in the order of 8%, associated 

with water desorption, was observed. The amount of water 
loss from MOP determined by this technique is similar to the 
value of 8.9% found by Anwar & Rashid; 

•	 In the second step 32% of mass loss was observed in the 
temperature range of 124oC to 266oC. This stage occurs due 
to the decomposition of organic matter, probably the protein 
components, present in MOP; and 

•	 The third step occurs from 266oC to 540oC with decomposition 
of the greater part of the seed components, which probably 
includes fatty acids, for example oleic acid has a boiling 
point of 360oC. At 950oC a total residue of around 14.6% 
was observed, due the presence of ash and probably inorganic 
oxides [28].

Figure 3: Thermogravimetric Curve for MOP

Zeta Potential Results
Figure 4 shows the plot of the potential zetal against pH (from 2 to 
12). The curve behaviour indicates that the biosorbent surface has 
a primarily negative charge at pH values over 4.5. Additionally, 
the zero-point charge of the material surface is represented by the 
isoelectric point, which is 4.5. After a 24-hour sorption process 
at 25°C, the zeta potential was measured in triplicate using 50 
mL of 4,4-DDT solution at pH 3.5 and 10 mg of MOP. Values of 
-36.09, -36.43, and -38.32 mV were discovered. These numbers 
suggest that the negative charges on the biosorbent’s surface 
increased. Because the particle has become even more negative, 
it is therefore possible to confirm that the adsorption of 4,4-DDT 
is independent of the electrostatic attraction condition. According 
to He, et al., the adsorption of 4,4-DDT is related to the nature 
of organic matter involved in the process, which increases the 
affinity between the contaminant and the biosorbent [29]. This is 
possible due to the surface area and functional groups (aromatic 
rings, hydroxyl compounds and carboxylic groups) present in the 
adsorbent surface, increasing the non-ionic interactions, such as 
van der Walls and π–π bonds.

Figure 4: Zeta Potential Curve for MOP.

The Effect of Adsorbent Dose
The data are presented in Figure 5 to show how the pH and dosage 
affect the 4,4-DDT biosorption capability. It is feasible to observe 
that when both parameters decrease simultaneously, the adsorption 
capacity increases by about 3.0 mg/g. A little drop in 4,4-DDT 
was seen when the pH of the solution was raised from 3 to 9, 
suggesting that low pH favoured 4,4-DDT sorption when taking 
into account the adsorption capacity tendency. Furthermore, 
following the sorption processes, there was little change in the 
pH of the solutions.

Figure 5: The Effect of the Biosorbent Mass on the Adsorption 
Capacity (qe)

The N, H, and O atoms of the 4,4-DDT molecule and groups on 
the adsorbent’s surface create hydrogen bonds, which are common 
at lower pH values and account for the highest adsorption capacity 
levels at pH 3.5.
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Effect of Adsorbent Particle Size
To analyse the effect of particle size on the adsorption process, 
studies were carried out on various particle sizes of the adsorbents, 
ranging from 2 mm to 20 mm, as shown in Figure 6. The findings 
indicate that the 4,4-DDT adsorption capacity increased from 
92 to 97 and the adsorbent size decreased from 2 mm to 20 mm 
in accordance with mesh size. This indicates that the amount of 
4,4-DDT adsorbed increases positively as the mesh size and, 
consequently, the particle size decrease. This is accurate since 
smaller particles have a larger surface area when the mesh size 
decreases. This phenomenon may be explained by the fact that 
when mesh size lowers, the particle size reduces and the surface 
area increases. Furthermore, the adsorbents’ smaller particles 
maximize the adsorbate’s capacity to penetrate the interior pores 
of the adsorbent by shortening the diffusion routes [30]. As a result, 
higher 4,4-DDT adsorption was noted, and for further experimental 
research, a particle size of 250 mm was chosen.

Figure 6: Adsorbent Particle Size Effect on the Adsorption of 
4,4-DDT

Effect of Initial Concentration of 4,4-DDT Aqueous Solution
Since a certain quantity of adsorbent may adsorb a specified 
quantity of pesticide from an aqueous solution, the 4,4-DDT 
initial concentration is an essential parameter in adsorption 
research. Figure 7 illustrates the effect of the adsorbate’s initial 
concentration, demonstrating that as the adsorbent’s initial 
concentration increased, its adsorption effectiveness declined. 
At various initial concentrations of 10, 25, 50, 75 and 100 mg/L, 
the decrease in the percent removal of pesticide was observed 
in the range of 95.8–90.08% for 4,4-DDT. Larger active sites 
at lower sorbate ion/sorbent ratios are implicated in sorbate ion 
sorption, it can be concluded. Saturation at higher energy points 
happens in tandem with an increase in sorbate ions relative to 
sorbent ions, and adsorption begins at lower energy sites, resulting 
in a decrease in the adsorption percentage [31]. The reduction in 
the initial concentration of adsorbate Because there were enough 
surface-active sites, a progressive development in the adsorption 
of adsorbate on the adsorbent surface was observed.

Figure 7: Initial Concentration Effects on the Uptake of 4,4-DDT

Effect of Contact Time
The contact time effect on sorption of 4,4-DDT by MOP was 
investigated at 10 mg/L adsorbate initial concentration, 100 mg/L 
mass adsorbent, pH 3. The removal percentage of a mixture of 
the 4,4-DDT was measured at different contact times (30, 60,120, 
240, and 360 min). The pesticide uptake rate on the adsorbent 
(MOP) is evident from Figure 8, It demonstrates that as contact 
time increases, pesticide sorption increases favourably. Initially 
adsorption showed a quite rapid pattern, followed by a gradual 
slowdown before achieving a final equilibrium position. An 
increase in the percentage of adsorption was recorded from 72.9 
- 79.3% on MOP. Initially pesticide uptake by the sorbent was 
too quick because of the presence of abundant vacant positions 
for sorption, but as the contact time prolongs from 120 minutes, 
the adsorption rate was reduced.

Figure 8: The Effect of Contact Time on the Uptake of Pesticides

Adsorption Kinetics
Figure 9 & 10 represents the adsorption kinetic curves of 4,4-DDT 
at different temperatures (25, 30 & 45◦C), adsorption was slow 
for 4,4-DDT, requiring around 200 min to achieve equilibrium.

Figure 9: Kinetic Curves of Adsorption of 4,4-DDT on the MOP 
at 25, 30, and 45 °C. (1st Order)

Figure 10: Kinetic Curves of Adsorption of 4,4-DDT on the MOP 
at 25, 30 & 45 °C. (2nd Order)
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Many models were used in the literature to determine the kinetic parameters, comprehend the adsorption mechanisms, and identify 
the rate-limiting step [32]. Two models were examined in the current investigation, specifically pseudo-first order and pseudo-second 
order. The regression coefficients and associated parameters derived from fitting the models to the experimental adsorption kinetic 
data are summarized in Table 1 along with the non-linear version of each equation.

Table 1: Adsorption Isotherms Modelling for the 4,4-DDT
Models Non-Linear Expression Values of the Parameters R2

1st Order
qe=qe (1-e-tk1 )

T = 25 ◦C; qe = 271.4 mg/g; k1 = 0.073 0.969
T = 30 ◦C; qe = 310.9 mg/g; k1 = 0.095 0.979
T = 45 ◦C; qe = 340.7 mg/g; k1 = 0.097 0.980

2nd Order

T = 25 ◦C; qe = 290.9 mg/g; k2 = 0.00052 0.984
T = 30 ◦C; qe = 330.0 mg/g; k2 = 0.00056 0.987
T = 45 ◦C; qe = 367.3 mg/g; k2 = 0.00065 0.992

The pseudo second-order model provided the greatest fitting for 4,4-DDT adsorption on the MOP, based on the results.

Thermodynamics
The values of the thermodynamic parameters found for the adsorption of 4,4-DDT pesticide are compiled in Table 2. As is typical in 
adsorption, spontaneous processes are characterized by negative values of the standard free energy for the adsorbate.

Table 2: Thermodynamic Parameters of the 4,4-DDT Pesticide Adsorption.
Pollutant T (◦C) ΔG0 (kJ·mol−1) ΔH0 (kJ·mol−1) ΔS0 (kJ·mol−1·K−1)
DDT 25 -26.6 16.91 0.145

30 -29.3
45 -32.4

The standard enthalpy for 4,4-DDT adsorption is 16.91 kJ.mol-1. 
The comparatively low value is typical with mostly physical 
adsorption, whereas the positive value suggests that the adsorption 
process of this molecule is endothermic. Entropy is typically - 
0.146 kJ.mol-1K-1. Though it should be noted that the value is 
extremely low, it does, in fact, imply no appreciable change in 
entropy during adsorption. The negative value indicates a decrease 
in the randomness of the molecules at the solid-liquid interface 
and a higher ordering of the 4,4-DDT molecules after they have 
been adsorbed on the activated carbon surface.

Conclusion
Kinetics and equilibrium isotherms of the non-competitive 
adsorption of pesticides, such as 4,4-DDT, onto moringa oliefera 
pod from the aqueous solution have been investigated. Samples 
of activated carbon were made under particular circumstances 
in order to assess how different adsorbent qualities affected 
the adsorption of the pesticide under study and the moringa’s 
performance. Since 10 mg of treated moringa was able to remove 
more than 79% of 4,4-DDT from 50 ml of pesticide solution, 
the study provided insight into the use of processed moringa as 
an inexpensive adsorbent for pesticide removal from aqueous 
solutions. In contrast to the pseudo-first-order model, the results of 
various kinetic models that were used to fit the experimental data 
better described the pseudo-second order model for the adsorption 
of 4,4-DDT on treated moringa oleifera pod. These findings show 
that moringa oleifera pod, which is widely accessible, may be a 
useful and reasonably low-cost adsorbent for removing pesticide 
from aqueous solution.
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