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A B S  T R A C T
In this research, a modified chitosan ( NH2-CS-COOH) with natural 
citric acid was used for the adsorption and removal of lead (Pb2+) 
and cadmium (Cd2+) ions in the liquid phase. Scanning electron 
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), 
and X-ray diffraction (XRD) were achieved using the sorbent. The 
concentrations of Cd(II) and Pb(II) ions were determined by flame 
atomic absorption spectrometry (F-AAS). Parameters in batch 
adsorption were studied, including adsorbent amount, contact time, 
concentration, and temperature. Optimized conditions were obtained 
for lead and cadmium using 10 mg and 20 mg of adsorbent (NH2-Cs-
COOH), respectively. Also, the contact times of 105 min for lead and 
120 min for cadmium were obtained with an initial concentration of 
10 mg L-1. The data showed a better agreement with the Langmuir 
model, indicating maximum adsorption capacities (qₘₐₓ) of 3.18 mg 
g-1 and (qₘₐₓ) of 2.07 mg g-1 for lead and cadmium ions, respectively. 
Thermodynamic studies confirmed that the process is exothermic 
with negative ΔG° values. The results demonstrate that the adsorbent 
is highly effective for removing heavy metals from polluted water.
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1. Introduction
Water pollution is a serious environmental and 
human challenge and affects the safety and 
sustainability of water sources [1]. The heavy 
metals [lead (Pb), cadmium (Cd), arsenic (As V), 
and mercury (Hg)] with high toxicity and non-
biodegradable properties can be accumulated in 
living tissues [2,3]. Heavy metals are found in 
mining and the chemical industry [4,5]. Even at low 
concentrations, it leads to serious health problems 
in humans (CNS disorders, kidney and liver 
damage, and cancer) [5-7]. Many technologies try 

to remove these elements from wastewater before it 
is released into the environment, which is essential 
for protecting the environment and human health. 
So, the various physical and chemical techniques 
were used to treat water contaminated with heavy 
metals (precipitation, ion exchange, osmosis, and 
filtration) [8-11]. However, some of these methods 
have disadvantages, such as high costs, expensive 
instrumentation and materials, and the generation 
of large amounts of sludge [12]. Therefore, the 
adsorption method is the most attractive technology, 
offering high efficiency, ease of use, low cost, and 
simple design [13]. This technology led to the 
development of effective and environmentally 
friendly adsorbents. Chitosan is a natural polymer 
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that was derived from the deacetylation of chitin 
as an adsorbent. Chitosan contains active hydroxyl 
(-OH) and amine (-NH₂) groups and can bind 
heavy metal ions by its sites [14,15]. Chitosan 
is considered a good adsorbent because it is 
biodegradable, non-toxic, and less costly than other 
adsorbents. Chitosan can be chemically modified 
to enhance its properties, such as increasing surface 
area (SA)and improving physical and chemical 
properties [16,17]. Recently, many papers have 
shown the efficiency of chitosan in adsorbing or 
removing heavy metals such as cadmium, lead, 
and mercury. Jha and Iyengara demonstrated 
highly efficient adsorption of Cu(II) and Cd(II) 
ions in water and various matrices  [18].  Rajesh 
et al. reported that the synthesis of chitosan gels 
using glutaraldehyde can increase lead adsorption 
capacity by more than 40% compared to native 
chitosan [19]. The hybrid materials were utilized 
by Krishna Kumar et al. They use chitosan/reduced 
graphene oxide (CS-rGO) with a high surface area 
for arsenic removal. CS-rGO had more adsorption 
sites and increased the removal efficiency to more 
than 95% [20]. However, there is still a need for 
new chemical modifiers or functionalization 
of adsorbents or for innovative synthesis of 
adsorbents to improve removal efficiency, the 
kinetic and thermodynamic properties. Despite the 
widespread use of modified chitosan, inexpensive 
natural sources, such as lemon juice (citric acid), 
have not received enough attention in the literature. 
Recently, various adsorbents, such as mesoporous 
silica nanoparticles, task-specific ionic liquids, 
nanographene oxide-modified phenyl methanethiol 
nanomagnetic composite, multi-walled carbon 
nanotubes, and Fe3O4-supported naphthalene-1-
thiol-functionalized graphene oxide, have been 
used for the removal or adsorption of heavy metals 
in different matrices [21-32]. 
In this work, a simple, efficient, and environmentally 
friendly method was used to prepare chitosan 
modified with natural citric acid as an innovative 
adsorbent (NH2-CS-COOH). It enhances the 
adsorbent’s capacity for removing Cd and Pb ions. 
The conditions were optimized for the adsorption 

process (e.g., contact time, concentration, and 
adsorbent amount). The thermodynamics of the 
adsorption process, such as Langmuir and the 
Freundlich, were studied and evaluated.

2. Materials and Methods
2.1. Chemicals and Instrumental
Chitosan (purity ≥ 95%, average molecular weight 190 
kDa) was used. Fresh lemon juice (Citrus aurantifolia) 
was used as the natural source of citric acid. Standard 
of lead nitrate [Pb(NO₃)₂] solution in HNO3 2% with 
CAS Number: 10099-74-8 purchased from Sigma-
Aldrich and suitable for atomic absorption spectrometry. 
Cadmium (Cd) metal dissolves readily in HNO3 and 
HCl with a CAS number of 7440-43-9. A standard 
solution of Ca and Pb, based on high-purity (99%) 
reagents, was used to prepare calibration solutions of 
different concentrations. All solutions were prepared 
using double-purified distilled water. All chemicals used 
in this research were obtained from Sigma-Aldrich. 
HNO3 (CAS Number: 7697-37-2), HCl (CAS Number: 
7647-01-0), and H2SO4 (CAS Number: 7664-93-9) 
were purchased from Sigma, Germany. Ethanol or Ethyl 
alcohol with a purity of more than 99% (CAS Number: 
64-17-5) and NaOH (CAS Number: 1310-73-2; EC 
Number: 215-185-5) were purchased from Sigma.
Flame atomic absorption spectrometry (F-AAS, GBC 
902) provides good sensitivity and a low LOD for the 
analysis of Pb and Cd in water samples. A hollow-
cathode lamp for Cd and Pb metals and an air–acetylene 
flame were used to atomize analytes. Calibration 
standards are prepared with different concentrations of 
Cd and Pb ions in solution, and absorbance is measured 
at 283.3 nm for Pb and 228.8 nm for Cd. Samples are 
introduced to a nebulizer–spray chamber to generate 
an aerosol for atomization. The GBC 902 was used 
with low LOD and high sensitivity for the analysis 
of environmental samples. The method enables the 
analysis of trace Pb and Cd in water samples. In 
this study, the Kuhner shaker (Germany) with stable 
speed control was used to homogenize samples before 
F-AAS analysis. A Thermo Scientific centrifuge 
(ST8/Megafuge Compact, USA) with digital control 
was used to separate phases and efficiently collect 
denser material at the bottom.
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2.2. Preparation of adsorbent (modified 
chitosan)
2.2.1.Preparation of lemon juice extract
Fresh lemons were purchased, and the juice was 
manually prepared and filtered more than 3 times 
through a Wathman filter (0.5 µm). After filtration, 
the pulp and suspended solids were removed 
from the juice. Therefore, the obtained citric acid 
concentration was determined by the titration method 
(0.1 M NaOH and phenolphthalein). This citric acid 
was transferred into a glass and stored at -4 °C.

2.2.2.Chemical Modification
2.0 g of chitosan was added to 100 mL of lemon 
extract (pH < 3.0). The mixture was heated at 
65°C under reflux for 90 min. After stirring the 
mixture, the chitosan chains were protonated with 
citric acid, and the mixture was cooled to 20 °C. 
Then, pH was adjusted to a basic range (pH> 10) 
with 1.0 M NaOH, which caused precipitation of 
the modified chitosan and created crosslinking 
between the COOH groups of citric acid and the 
NH2 groups of chitosan. The solid product was 
filtered and washed several times with an ethanol–
water mixture (70:30%, v/v) to remove impurities.  
The product was dried for 1 day in an oven at 60 
°C, sieved to obtain a 50–100 µm for the adsorption 
process (Schema 1).

2.3. Characterization 
The NH2-CS-COOH adsorbent was studied using 
scanning electron microscopy (SEM), Fourier 
transform infrared spectroscopy (FTIR), and X-ray 
diffraction (XRD) to analyze surface morphology, 
functional groups, and crystalline structure.

2.4. Adsorption Procedure
All adsorption process were studied using a batch 
technique in a vibrating incubator (HYSC SWB-
25/Korean) set at 180 rpm. For Pb²⁺ adsorption, the 
standard conditions were: initial concentration 10 
mg L-1, adsorbent dosage 10 mg, temperature 25 °C, 
and contact time 105 minutes. For Cd²⁺ adsorption, 
the same initial concentration (10 mg L-1) and 
temperature were used, but with a higher dosage 
(20 mg) and a contact time (120 minutes). Pb and 
Cd can be extracted from water samples based on 
NH2-CS-COOH at pH 6.5  (Recovery > 70%). After 
shaking, the suspensions were filtered, and the 
remaining metal ion concentrations were measured 
to determine removal efficiency and adsorption 
capacity. The adsorption of Pb²⁺ and Cd²⁺ onto the 
NH2-CS-COOH occurs through surface functional 
groups. The adsorbent of CS contains abundant 
–NH₂, –OH, and –COOH groups that become 
activated at pH 6.5. First, the metal ions bind to 
the adsorbent surface, where they interact with 
negatively charged (COO⁻, OH⁻) at pH 6.5. So, the 
electrostatic attraction created between Pb and Cd 
ions with functional groups of adsorbent, such as 
NH2 and COOH groups (Schema 2). The adsorbent 
was separated from the solution by centrifugation 
at 180 rpm for 10 minutes. The residual metal was 
filtered twice and then measured using F-AAS 
at wavelengths of 283 nm for lead and 229 nm 
for cadmium. Also, the adsorption capacity was 
calculated qe (mg g-1) by Equation 1[33].

(Eq.1)

Schema 1. Modification of chitosan with citric acid
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where Ce is the ion concentration at equilibrium 
(mgL-1), Co is the initial ion concentration (mgL-1), 
m is the mass of adsorbent (g), and V is the volume 
of salt solution (L).

3. Results and Discussion
To optimize adsorption conditions, the effect of 
each variable was studied individually, including 
adsorbent dosage within the range of 10 to 50 mg 
L-1, contact time at different intervals (15, 30, 45, 60, 
75, 90,105, and 120 minutes), initial concentration 
within 10 to 50 mg L-1, pH levels from 2 to 11, and 
temperature at 298, 308, and 318 °C, while holding 
other factors constant.

3.1. Characterization of the Adsorbent
Various characterization techniques confirmed the 
successful preparation of chitosan modified with 
natural citric acid.

3.1.1.Scanning electron microscopy (SEM) 
SEM images of NH2-CS-COOH showed that the 
modified material had a rougher, more porous 
surface than pure chitosan (left, 1.0 micrometers) 
(Fig.1). This change is attributed to the successful 
modification process, which provides additional 
binding sites and facilitates the diffusion of metal 
ions (right, 500 nm). 
 

Schema 2. Procedure and mechanism for the extraction of Cd and Pb ions by NH2-CS-COOH

Fig. 1. SEM image of pure chitosan (left) and modified chitosan with natural citric acid (right)



164

3.1.2.X-ray diffraction (XRD) 
XRD analysis of NH2-CS-COOH showed a new 
peak at 2θ = 23° (Fig. 2), indicating a change in 
the crystal structure and the successful modification 
of chitosan by citric acid (Fig. 2). The XRD shows 
a broad peak instead of sharp crystalline peaks, 
indicating that chitosan becomes highly amorphous 
after modification. The weak peak near 2θ ≈ 10–
20° is related to residual semicrystalline regions of 
chitosan (reduced by cross-linking with citric acid). 
Citric acid introduces esterification and H-bond 
rearrangements and decreases crystallinity. So, the 
reduction in peak intensity and the broad background 
confirm successful chemical modification and 
increase surface activity for metal adsorption.

3.1.3.Fourier transform infrared (FTIR) 
Modification of chitosan with citric acid was 
confirmed using Fourier transform infrared 
spectroscopy (FTIR). The spectrum of the NH2-CS-
COOH changes compared to pure chitosan, specially 
a significant weakening of the peak at 1587 cm⁻¹ 
(Fig.3). This peak is related to the N-H bending 
vibration (-NH₂) in chitosan, and its disappearance 
in NH2-CS-COOH is strong evidence for the 
participation of these groups.  Also, a new peak at 
1726 cm⁻¹ was observed in the spectrum of the NH2-
CS-COOH, related to the C=O stretching vibration 
(free carboxyl groups, -COOH). New changes were 
also observed in the amide region, with peaks at 
~1620 cm⁻¹ (amide I) and 1535 cm⁻¹ (amide II), 

Fig. 2. XRD spectrum of chitosan (left) and modified chitosan with natural citric acid(right)

Fig. 3. FTIR spectrum of modified chitosan with natural citric acid.

Anal. Methods Environ. Chem. J. 8 (4) (2025) 160-174
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corresponding to a combination of N-H bending 
and C-N stretching vibrations. The broad band in 
the 3350–3450 cm⁻¹ region indicates enhanced 
H-bonding between the OH and COOH groups 
of the NH2-CS-COOH. In addition, the C-O-C 
glycosidic bond peak at ~1022 cm⁻¹ confirms that 
the modification process preserved the structural of 
the chitosan’s framework.

3.2. Factors affecting on adsorption
3.2.1.Effect of adsorbent dose
Effect of amount of adsorbent of NH2-CS-COOH on 
Cd and Pb adsorption and removal was shown in Figure 
4. Due to results [34], the removal efficiency increased 
with adding dosage of NH2-CS-COOH from 0.005 to 
0.02 g L-1 (5-20 mg adsorbent). Results showed that 
the optimal amount for Pb is 0.008 to 0.01 g L-1 (10 
mg adsorbent).  However, the adsorption capacity 
(mg g-1) can be decreased with increasing dosage. 
Low absorption capacity related to incomplete usage 
of all adsorption sites or agglomeration of adsorbent 
molecules. Based on these results, an amount of 0.01 
g L-1 (10 mg) was selected as the optimal amount for 
lead (Recovery 68-72%) and 0.02 g L-1 (20 mg) was 
chosen for cadmium (Recovery between 70-75).

3.2.2.Effect  of contact time
The effect of contact time on the adsorption of 
Pb²⁺ and Cd²⁺ ions onto NH2-CS-COOH was 

investigated under the optimized conditions 
(Fig. 5). The adsorption capacity increased rapidly 
during the initial stage of the process. It is related 
to the large number of available active sites on the 
NH2-CS-COOH surface. Also, the adsorption rate 
gradually decreased on NH2-CS-COOH surface. 
The contact time at 105 minutes for Pb²⁺ and 120 
minutes for Cd²⁺ reached equilibrium. After this 
time, the adsorption capacity has negligible changes 
[35]. The different times are related to differences 
in the ionic properties of the adsorbates.  Cd²⁺ 
ions have a slightly longer time to reach surface 
saturation. The fast adsorption stage is mainly 
dependent on film diffusion, while the later stage is 
controlled by intraparticle diffusion as ions migrate 
deeper into the NH2-CS-COOH surface pores.

3.2.3.Effect of initial concentration
The effect of the initial metal concentration on 
chitosan adsorption was examined from 10mg L-1 

to 50 mg L-1. Figures 6a and 6b showed that the 
adsorption capacity (qₑ) increased with increasing 
initial concentration for both Pb²⁺ and Cd²⁺. 
This behavior is attributed to the greater driving 
force for mass transfer from the bulk solution to 
the adsorbent surface at higher concentrations. 
However, the percentage removal (%R) decreased 
gradually with increasing initial concentration. At 
lower concentrations (10 mgL-1), a large number of 

Fig. 4.   Effect of adsorbent dose on the adsorption of lead and cadmium ions
on the surface of modified chitosan with citric acid.

Analysis of Pb and Cd using NH2-CS-COOH and F-AAS            Khaled. W. Shuker   et al
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Fig. 5. Contact time effect of adsorption of lead and cadmium ions
on the surface of modified chitosan with citric acid.

Fig.6a. Initial concentration effect of adsorption of cadmium ions on the surface
of modified chitosan with citric acid.

Fig. 6b. Initial concentration effect of the adsorption of lead ions on the surface
of modified chitosan with citric acid.

Anal. Methods Environ. Chem. J. 8 (4) (2025) 160-174
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active sites on the chitosan surface are available, 
resulting in high removal efficiencies (more than 
70% for Pb²⁺ and Cd²⁺). As the concentration 
increases, these active sites become progressively 
saturated, reducing removal efficiency (≈20–30% 
at 50 mg L-1). The higher adsorption efficiency of 
Pb²⁺ compared to Cd²⁺  can be related to its greater 
polarizability and lower hydration energy [36]. 
These results confirm that the adsorbent surface 
becomes saturated more rapidly at higher Pb and 
Cd concentrations.

3.2.4.Effect of pH
Pb and Cd in the liquid phase can be extracted from 
water samples using NH2-CS-COOH at optimized 
pH levels. The adsorption of Pb²⁺ and Cd²⁺ onto 
the surface of NH2-CS-COOH occurs through 
physicochemical interactions involving functional 
groups at a suitable pH. The chitosan (CS) 
adsorbent contains abundant –NH₂, –OH, and –
COOH groups that become activated at neutral pH. 
Therefore, the effects of pH on the extraction of 
Pb and Cd were studied at pH 2 and 11(Fig.7). The 
results indicated that Cd²⁺ and Pb²⁺ ions, which have 
positive charges, interact with negatively charged 

carboxylate groups (–COO⁻) and deprotonated 
OH⁻ and NH₂⁻ groups at pH 6-7. Consequently, the 
extraction relies on electrostatic attraction, which 
facilitates the surface binding of Pb and Cd ions 
to functional groups such as NH₂ and COOH. The 
procedure achieves efficient recovery of Cd2+ and 
Pb2+ ions via ion-exchange extraction, primarily via 
the amino and carboxyl groups of chitosan at pH 
6.5. In fact, the formation of inner-sphere surface 
adsorbent complexes with Pb²⁺ or Cd²⁺ modifies the 
binding strength of metal adsorption. Additionally, 
Pb and Cd precipitate at pH levels above 8.0, 
promoting the partial formation of Pb(OH)₂ and 
Cd(OH)₂. 

3.3. Adsorption Isotherms
To further understand the interaction of lead 
and cadmium ions with the adsorbent surface, 
equilibrium data were analyzed using the Langmuir 
and the Freundlich models [37], as shown in 
Equations 2 and 3, respectively. Figures 8 and 9 
show the Langmuir equation values (qmax, KL, and 
plotting Ce/qe against Ce). Also, Figures 10 and 11 
show the Freundlich parameters (kf, n, and slope of 
a plot of lnqe against lnCe). 

Fig.7. Effect of pH on the extraction of Pb and Cd by NH2-CS-COO

Analysis of Pb and Cd using NH2-CS-COOH and F-AAS            Khaled. W. Shuker   et al
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(Eq.2)

The qe is the quantity of ions at equilibrium (mg g-1). 
Ce is the concentration of ions (mg L-1). qmax 
is the maximum adsorption capacity. KL is the 
Langmuir experimental constant. The slope of the 
line represents qmax, and KL is the intercept.

(Eq.3)

Where qe is the amount of adsorbed ions at equilibrium 
(mg g-1), Ce is the adsorbed concentration of ions at 
equilibrium (mgL-1), both kf and n are experimental 
constants of the Freundlich isotherm. 
The Langmuir model showed better agreement 
with the experimental data than the Freundlich 
model, with coefficients of determination (R²)   of 
0.99 and 0.81 for lead and cadmium, respectively. 
This indicates that the adsorption process occurs 
on a homogeneous surface in a monolayer with a 
limited number of active sites of similar energy 
[38], suggesting that all adsorption sites have 
approximately the same ion-binding capacity. The 
qₘₐₓ for lead and cadmium were calculated using 
the Langmuir model and found to be 3.18 mg g-1 
and 2.07 mg g-1, respectively.

      Fig.10. Freundlich isotherms of Pb adsorption                         Fig. 11. Freundlich isotherms of Cd adsorption

        Fig. 8. Langmuir isotherms of Pb adsorption                          Fig. 9. Langmuir isotherms of Cd adsorption 
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These reported values are higher than the 
conventional pure chitosan adsorbents (≈ 1.6 mg 
g-1) [39]. The higher adsorption capacity (AC) of 
lead compared to cadmium is related to differences 
in ionic radius and polarizability. The Langmuir 
separation coefficient (Rʟ) ranged between 0.81 
and 0.99. Rʟ indicates that the adsorption process is 
thermally preferred (0 < Rʟ < 1). In fact, this means 
that the ions naturally move towards the material’s 
surface without requiring high external energy. 
So, the adsorption mechanism is based on van der 
Waals forces and electrostatic attraction, rather than 
on covalent bonds [40]. The results showed that the 
NH2-CS-COOH adsorbent is highly efficient at 
removing Pb and Cd ions from aqueous solutions.  
[41]. Due to high AC and the physical adsorption 
of NH2-CS-COOH adsorbent, conformity with the 
Langmuir model is facilitated. 

3.4. Thermodynamics of Adsorption
The effect of temperature on adsorption was 
investigated at 298, 308, and 318 K. The 
thermodynamic functions were continuously 
calculated using the following path of mathematical 
Equations 4 [42]. This equation uses the Kelvin 
temperature unit (T), the universal gas constant 
(R), the thermodynamic equilibrium constant 
(K), and the enthalpy change of adsorption (∆H).  
The slope of the straight line in Figure 12, obtained 
by plotting lnK against 1/T (van’t Hoff plot), was 
used to calculate the enthalpy shift. An estimate 
of the free Gibbs energy, it, was obtained using 
Equation 5 [43]. Due to Equation 6, an equilibrium 
Gibbs formula was used to estimate the value of 
entropy changes (ΔS°) [44].
The results, Tables 1 and 2 showed that the 
adsorption capacity of cadmium decreased with 
increasing temperature (2.32 → 1.99 mg g-1), 
indicating that the process is exothermic. Lead, 
on the other hand, exhibited irregular behavior 
with a general tendency to decrease at the highest 
temperature, further confirming that the adsorption 
was not endothermic [45].

(Eq.4)

(Eq.5)

(Eq.6)

 The negative values   of the Gibbs free energy (ΔG°) 
indicate that the adsorption process was thermally 
spontaneous at all studied temperatures for cadmium 
(−1.21 to −1.64 kJ mol-1) and for lead at 308 and 
318 K (−1.36 to −1.17 kJ mol-1). The increasing 
negativity with increasing temperature indicates 
that adsorption becomes more spontaneous within 
this temperature range. The enthalpy of adsorption 
(ΔH°) was negative for both cadmium (−7.28 kJ 
mol-1) and lead (−4.32 kJ mol-1), indicating that the 
adsorption is exothermic [46], meaning that the 
high temperature inhibits the binding of ions to the 
active sites due to the weakening of the physical 
forces involved (such as van der Waals forces or 
electrostatic bonds). The ΔS° values are negative 
for Cd (−20.4 to −17.8 J mol-1K-1) and Pb (−18.3 
to −10 J mol-1 K-1) [47]. The small values of |ΔH°| 
(less than 40 kJ mol-1) and low |ΔG°| confirm that 
the adsorption mechanism is physisorption. So, 
efficient adsorption occurred at low temperatures.
Based on the results of characterization, equilibrium, 
and thermodynamics, it can be suggested that the 
mechanism of adsorption of lead and cadmium 
ions on citric acid-modified chitosan involves: 
(electrostatic attraction between positively charged 
ions and negatively charged groups on the modified 
surface, chemical entanglement between lone pairs 
of electrons on nitrogen (-NH₂) and oxygen (-OH) 
atoms and metal ions, surface deposition or ion 
exchange under certain conditions, and physical 
reactions such as ion diffusion within the material’s 
pores) [48].

Analysis of Pb and Cd using NH2-CS-COOH and F-AAS            Khaled. W. Shuker   et al
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4. Conclusion
In this study, the potential of a hybrid material 
prepared from modified chitosan and natural citric 
acid as an effective adsorbent for removing heavy 
metal ions from aqueous solutions was successfully 
demonstrated. SEM, FTIR, and XRD confirmed 
the success of the modification process, resulting 
in a material with a rougher, more porous surface 
structure and new functional groups that support 
chemical reactions. The optimal conditions, such 
as dosage, contact time, and initial concentration, 

for the adsorption of Pb and Cd ions were at (10 
mg and 20 mg), (105 min and 120 min), and 10 
mg L-1, respectively. The qₘₐₓ for lead and cadmium 
ions were obtained at 3.18 mg g-1 and 2.07 mg g-1, 
respectively. The concentrations of Pb and Cd 
in solutions were determined by flame atomic 
absorption spectrometry at pH 6.5. This recovery 
value (%) is significantly higher than that of 
unmodified chitosan. The adsorption data were 
better fit by the Langmuir model, indicating that 
adsorption occurs in a monolayer on a homogeneous 
surface. The thermodynamic study suggested 

Fig.12. Represents the van’t Hoff equation for the adsorption of lead 
and cadmium ions on the surface of modified chitosan with citric acid.

Table 1. values   of thermodynamic functions for Pb adsorption on the surface of NH2-CS-COOH
Temperature (K) ΔHº(KJ mol-1) ΔGº(KJ mol-1) ΔSº(J mol-1K-1)

298

-7.278

-1.2055 -20.3789

308 -1.5617 -18.5608

318 -1.6434 -17.7204

Table 2. values   of thermodynamic functions for Cd adsorption on the surface of NH2-CS-COOH
Temperature (K) ΔHº(KJ mol-1) ΔGº(KJ mol-1) ΔSº(J mol-1K-1)

298
-4.319

-1.1193 -18.2512
308 -1.3605 -9.60712
318 -1.1709 -9.90106

Anal. Methods Environ. Chem. J. 8 (4) (2025) 160-174
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that the adsorption process is exothermic and 
spontaneous, as evidenced by negative ΔG° values 
(ranging from 1.1 to 1.6 kJ mol-1) and by matrix/
disordered properties (ranging from 9.9 to 20.3 kJ 
mol K-1). Based on the results, it can be concluded 
that the adsorption mechanism is a multi-stage 
process, dominated by the chemical cross-linking 
of metals with amine and hydroxyl groups, with 
electrostatic attraction and diffusion within the 
pores providing additional support. In summary, 
this study demonstrates that chitosan modified with 
natural citric acid is a promising, cost-effective, and 
environmentally friendly adsorbent for removing 
mineral pollutants from water.
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