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Abstract 
This work investigated the adsorption properties of Posidonia oceanica (P.O) with the aim of removing mercury 
ions from aqueous solutions. The effects of several parameters, including contact time, temperature, pH, 
adsorbent dose, and initial concentration, on mercury removal efficiency were determined. The thermal 
gravimetric analysis displayed that the (P.O) powder contains (8.96%) moisture and (2.88%) ash. The batch mode 
study illustrated that mercury ion removal reached equilibrium in 90 minutes at room temperature, using 0.1 g of 
absorbent and 25 mL of mercury solution (50 ppb, pH 2). The increase in temperature and pH resulted in lower 
removal percentage, whereas the increase in ionic strength resulted in higher removal capacity. The activation 
and enthalpy energies of the reaction were found to be - 0.32 and - 85.20 kJ/ mole respectively, where the 
maximum monolayer capacity of mercury adsorption was determined to be 3.37 mg/g. The isotherm and kinetic 
studies showed the reaction agrees with Langmuir and pseudo-second-order models (R2 = 0.99).  
Keywords. Removal Efficiency, Posidonia Oceanica, Mercury. 

 
Introduction 

Mercury, as a toxic heavy metal, is classified into elemental, inorganic, and organic forms. It is ranked as the sixth toxic 
chemical on the hazardous compounds list and is considered one of the most dangerous heavy metals in aqueous 
environments [1]. High mercury exposure can cause neurological issues, liver and kidney damage, and illness. Globally, 
Hg (II) poisoning occurs due to fish and shellfish consumption, necessitating environmental protection measures. 
Industries such as plastic industries, oil refineries, pulp industries, cement industries, and various other industries are 
also sources of mercury in the environment. In addition, mercury cells and fluorescent lamps can also become sources of 
mercury after usage [2]. Decontaminating or recovering mercury present in the glass, phosphor powder, and end caps of 
spent fluorescent lamps can become a source of mercury in the environment, Fossil fuel combustion releases 3000 tons 
of mercury into the atmosphere, while natural weathering processes and submarine volcanism release about 5000 tons 
into the ocean, the maximum allowable concentration of Hg (II) ion by world health organization (WHO) in wastewater and 
potable water is 5 and 1 µg/L, respectively [3]. 
Various methods such as ion exchange, filtration, chemical precipitation, and flotation are proposed for mercury removal, 
but their feasibility and cost must be considered. High operating and maintenance expenses, toxic sludge production, 
effluent creation, chemical consumption, mercury reuse incapacity, and the complexity of multi-step processes are the 
typical drawbacks of the majority of current technologies. The adsorption technique has several advantages over other 
techniques, including design simplicity, ease of operation, and high removal efficiency, which could reach (90–99%) [4]. It 
has shown positive results in sequestering heavy metals. It is a potentially effective alternative to traditional treatment 
processes for metal ion removal. It is a technically feasible and economically viable sustainable technology for the 
treatment of wastewater streams [5]. 
Biosorption is a technique based on a property of certain types of inactive, dead biomass to bind and concentrate heavy 
metals from even very dilute aqueous solutions. It appears as a complex phenomenon where the metallic species could 
be deposited in the solid biosorbent through different sorption processes of ion exchange, complexation, chelation, and 
precipitation [6]. Several adsorbents were produced and utilized from agriculture and industries such as seagrasses, 
molds, yeast, bacteria, crabshells, wool, rice, straw, peat moss, tea leaves, and coconut fibre. The role of dried seagrass 
in the removal of toxic metal ions from water has attracted great attention due to its high area-to-volume ratio that 
provides a large contact area for metal binding. The ability of such substances to adsorb metals depends on various 
factors such as the bioavailability of metals and their uptake capacity. The uptake of metals in adsorbents depends on the 
surface reaction in which metals are absorbed through electrostatic attraction to negative sites.  For instance, metal 
cations with high electronegativity and small ionic radii are preferably absorbed by algae biomass. The metal 
accumulation capacity of biomass is sometimes higher than that of chemical sorbents [7]. An example of seagrass is 
Posidonia oceanica, which is an endemic marine magnoliophyte found in the Mediterranean Sea. It forms large 
underwater meadows from the surface to depths of 40 m, which are an important part of the ecosystem. The seagrass 
forms structures known as mats, which are monumental constructions that result from the horizontal and vertical growth 
of the rhizomes with their entangled roots and the entrapped sediment. The fibers accumulate in considerable quantities, 
reaching a thickness of 1–2 m or more on the most Mediterranean beaches [8]. This seagrass is very sensitive to human 
disturbance, such as coastal development, pollution, trawling, and high-water turbidity. Huge quantities of these wastes 
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are either transported (or possibly buried) in landfills, or piled up in adjacent areas to beaches or even re-immersed in the 
sea. In this study, the removal of Hg2+ from aqueous solutions using Posidonia oceanica is presented. The effect of 
contact time, pH, adsorbent mas and temperature was studied for that metal sorption procedure, as well as heavy metal 
equilibrium sorption kinetics. 
 
Experimental 
Sample preparation 
The P.O grass (a flowering plant that lives in dense meadows) was collected along north Western coast of Libya (Tajora). 
The leaves are ribbon-like, bright green, turning brown with age. The biosorbent was prepared from the leaves, after being 
rinsed with tap water to remove impurities such as sand and salt absorbed at the surface of the biomass. Then it was 
washed with distilled water and dried at room temperature for 7 days. The dried sample was ground to a fine powder in 
mill and sieved to get a size fraction (150 micron). The stock solutions of Hg2+ ions with a concentration (50 ppb) were 
prepared by diluting analytical grade solution (1000 ppm) with distilled water. The initial pH was adjusted to the desired 
value using value using 0.1 N HCl or NaOH. 
 
Instrumentations 
The P.O powder was characterized using Fourier transform infrared spectroscopy (FTIR) and a scanning electron 
microscope (SEM). The (FTIR) spectroscopy was used to give a qualitative analysis of the main chemical groups present 
on the sample and responsible for the adsorption. The translucent sample of disks were prepared by mixing the P.O 
powder with KBr; the spectra were recorded with a PerkinElmer Spectrum Two. The purpose of using scanning electron 
microscopy (SEM, JEOL JSM – 561OLV) is to provide a view of the morphological structure.  The moisture and ash 
percentages in the P.O samples were determined using thermal gravimetric analysis. The concentrations of mercury (II 
ions in solutions were estimated by a mercury analyzer (LabAnalyzer 245) located at the toxicology department in the 
University of Tripoli. The pH measurements were carried out on a WTW720 pH meter model CT16 2AA (LTD Dover Kent, 
UK) and equipped with a combined glass electrode. 
 
Batch mode 
Batch mode removal studies were carried out by varying several parameters such as contact time, pH, temperature and 
mass of adsorbent. Essentially, a 50 ml of stock solution with a concentration of 50 ppb was taken in a 250 ml conical 
flask in which the initial pH was adjusted using HCl/NaOH. Optimized amount of adsorbent was added to the solution and 
stirred using a magnetic stirrer for a specific time. The P.O samples were separated from the solutions using a centrifuge 
(4500 CPM for 5 minutes). 
 
Result and Discussions 

Characterization of P.O grass 

The morphology plays an important role in the adsorption and removal of Hg (II) on the external surface. A scanning 
electron microscope image for P.O powder is presented in (Figure 1). The P.O sample exhibits a well-defined 
lignocellulosic fibrous structure with cylindrical fiber shapes, which is favourable for metal ions adsorption. Compared to 
a smooth-surface material, the surface shape of P.O provides an advantageous area for ions uptake due to the material's 
outer layers that can facilitate the solute's diffusion to the centre of the particles. 
 

 
Figure 1. A scanning electron microscope  image for P.O powder. 

 
FT-IR spectra for P.O were recorded before and after Hg (II) adsorption (Figure 2).  The first part of the spectra (in the range 
4000–2000 𝑐𝑚−1) is poorly resolved: (a) a broad band is observed in the range 3700–3000 𝑐𝑚−1, which is representative of 
the convolution of the signals for different vibration modes such as free OH, O–H stretch, and inter-chains H-bonds, (b) 
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two small peaks are recorded at 2919 𝑐𝑚 −1and 2855 𝑐𝑚−1 that correspond to symmetric –𝐶𝐻2 valence vibration and –CH 
stretching vibration respectively. It is generally difficult finding useful information from this wavenumber range and 
spectrum analysis is generally focused on the 2000–600 cm−1 region, A band is observed close to 1652𝑐𝑚−1this band is 
attributed to C = O stretch, conjugated p-substituted aryl ketones. On this broad band, a shoulder can be observed at 
1728 𝑐𝑚−1, this is representative of either C = O stretch in unconjugated ketones, carbonyls and in ester groups 
(especially in carbohydrates) conjugated aldehydes and carboxylic acids, or C = O valence vibration of acetyl or COOH 
groups, The peak at 1534 𝑐𝑚−1 can be identified in amine/amide groups and in carboxyl groups. A series of peaks are 
identified in the range 1430–1300 𝑐𝑚−1, they are non-specific bands that readily identified in cellulose material (1423, 
1371, 1314 𝑐𝑚−1 ) because the biopolymer is more crystalline than other constituents of hemicelluloses and lignin.   
Another broad band appears at 1241𝑐𝑚−1 that was attributed to symmetric stretching in carboxyl groups, that was 
attributed to symmetric stretching in carboxyl groups, The broad band around 1100 𝑐𝑚−1 (with a series of small peaks) is 
representative of carbohydrate ring bonds. The peak at 891 𝑐𝑚−1can be probably attributed to anomere C-groups and ring 
valence vibration. Similar results were previously reported by Ashour (2021) [9] and Allouche (2024) [10]. After Hg (II) 
binding, the spectrum is not drastically modified. The main differences can be observed: (a) in the range 1750–1600 𝑐𝑚−1 
where the width of the broad band is reduced (sharper and more resolved peak); (b) at 1534 cm−1 where the shoulder was 
less marked; (c) at 1423 𝑐𝑚 −1and 1371 𝑐𝑚,−1where the peaks slightly decreased. This probably means that some 
amine/amide groups may be involved together with cellulose functional groups. The band representative of the aromatic 
skeletal vibration of the phenol and phenolate in lignin are supposed to appear around (1495-1512 𝑐𝑚−1) respectively, 
they may contribute in the change of the bands in this wavenumber range after metal sorption through the probable 
contribution of phenolic compounds.  
 

 
Figure 2. FTIR spectra of Posidonia oceanica before and after Hg (II) adsorption. 

 
The P.O sample was thermally gravimetrically analysed by drying 1.0 g of the grass in the oven at 250 Co for 48 hours and 
burning 1.0 g at 600 Co for 2 hours. The analysis result displayed that the (P.O) powder contains (8.96%) moisture and 
(2.88%) ash. 
 
Batch Mode Results  
Effect of Contact Time 
Understanding the kinetics of mercury removal using P.O grasses possibly aids in addressing pollution issues in marine 
and coastal ecosystems. Researchers can assess these plants' efficacy as natural filters in contaminated streams by 
observing how long it takes to absorb mercury ions, leading to more effective environmental regulations and enforcement 
mechanisms. The removal percentage of Hg2+ over the absorbent can be calculated as: R% = [(Ci-Ct)/Ci] × 100 [11], where 
R% is the removal percentage, Ci = 50 ppb is the initial concentration of mercury solution, Ct is the concentration of Hg2+ 
ions at contact time estimated from the concentration dependence of absorbance fit. The effect of contact time was 
investigated in the range of 0 to 120 min using 0.1 g of P.O. The equilibrium point of adsorption (99.90%, 0.0125 mg/g ) was 
observed within 90 min.   
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Figure 3. Time dependence of removal percentage using 0.1 g of P.O. The volume, concentration and pH of the 
mercury solution are 25 ml, 50 ppb and 2 respectively. The red line in the figure is the polynomial fitting of the 

experimental data, which is expressed as:  R % =95.82- 0.28 t+1.30×𝟏𝟎−𝟐𝒕𝟐-1.28×𝟏𝟎−𝟒 𝒕𝟑+4.29×𝟏𝟎−𝟕𝒕𝟒( 𝑹𝟐 = 0.95). 
 

As seen in (Figure 3), the process of biosorption was high at the initial stage and became slower while approaching the 
equilibrium stage at 90 min. This is obvious due to the fact that a greater number of vacant negatively charged sites are 
available initially on the surface of the biosorbent, and the sites are gradually filled up while approaching equilibrium and 
are filled completely at equilibrium [12]. These results agree with previous studies conducted by Dou (2011) [13], which 
demonstrated that the maximum adsorption rates (98.60%) of mercury are determined within the first 45 minutes using 
TiO2 nanoparticles, and also agree with the study of Hardani (2015) [14] in which the adsorption reaches equilibrium at 
approximately 10 minutes due to the high adsorption capacity of 𝐹𝑒3𝑜4 /HAP for mercury (492.2 mg/g). 
 
Effect of pH 
This parameter directly influences the surface charge of the adsorbent and the ionization of the adsorbate. It also affects 
the adsorption efficiency either positively or negatively [15]. Understanding the relationship between pH and adsorption 
leads to enhanced water purification techniques, especially in removing contaminants like heavy metals and harmful 
organic compounds. In this work, the effect of pH was evaluated in the range of (2 to 9). The removal percentage of Hg2+ 
ions as a function of pH is shown in (Figure 4). The adsorption amount escalates dramatically at pH values higher than 6. 
This is attributed to the fact that adsorption leads to the reduction of the metal concentration in the basic solutions. pH 
affects both the metal ion speciation and the ionization state of the P.O surface functional groups. At strongly acidic 
conditions, surface functional groups are protonated; thus, the approach of positively charged species is inhibited. As pH 
increases, the negative charge density on the P.O surface increases due to deprotonation of active sites, and therefore 
the approach of positively charged ions is promoted. At lower pH, such as 4.5, mercury exists mostly in the form of 𝐻𝑔𝐶𝑙2 
but when the pH of the solution increases, the solubility of mercury decreases due to extensive hydrolysis as HgClOH and 
Hg (𝑂𝐻)2 species [15]. Hence, the P.O sorption capacity increases to a certain limit depending on the mercury fraction 
remaining in solution. These results are correlated with previous studies conducted by Hardani (2015) [14] which 
investigated the relationship between the initial pH values and the quantities of 𝐻𝑔+2 ions adsorbed by 50 mg of 
𝐹𝑒3 𝑂4/HAP at 25 𝐶0(initial concentration 25 ng/ml). Hardani found that the Hg ions uptake experiences continuous 
increase by raising the pH value, moreover, the adsorption amount escalates dramatically in pH range higher than 7. 
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Figure 4. Removal percentage of mercury ions as a function of pH using 0.1 g of P.O. The volume, concentration, and 
temperature of the mercury solution are 25 ml, 50 ppb, and 25 oC, where the contact time is 30 minutes. The red line 

in the figure is the polynomial fitting of the data which is expressed as: 𝑹% = 𝟗𝟎. 𝟓𝟗 + 𝟒. 𝟎𝟎𝒙 − 𝟏. 𝟒𝟖𝒙𝟐 +

𝟎. 𝟏𝟐𝒙𝟑 ( 𝑹𝟐 = 𝟎. 𝟗𝟕), where x is the value of pH. 
 
Effect of Adsorbent dose 

The quantity of adsorbent required for a recovery of particular chemicals can be optimized by figuring out how different 
masses of adsorbent affect the adsorption capacity. The production and application of adsorption techniques in a variety 
of sectors can be made less expensive by determining the ideal mass of adsorbent for a particular purpose. Investigating 
this relationship advances our basic knowledge of surface chemistry and the mechanisms underlying interactions 
between the adsorbent and adsorbed. The effect of biosorbent dose on Hg+2 removal was investigated using a mass 
range of 0.1 g to 0.5 g, where other parameters like pH, Initial concentration, and contact time were optimized at pH 2, 50 
ppb, and 30 min, respectively. The amount of the Hg+2 adsorbed by one gram of the P.O grass (q) was calculated as 
following: q (mg/g) = [(Ci-Ct)×V]/W [11], where t is the contact time, V= 25 ml is the volume of Hg2+ ions solution and W is 
the mass of P.O. The relationships between adsorbent mass versus removal percentage and inverse capacity (1/q) are 
illustrated in (Figure 5). 
  

 
(a)                                                                                                             (b) 

Figure 5. (a) Adsorbent dose versus Removal and (b) Adsorbent dose versus inverse capacity. The volume, 
concentration, and temperature of the mercury solution are 25 ml, 50 ppb, and 25 oC, where the contact time is 30 

minutes. The red line in the figure is the linear fitting of the data. The correlation between mass dose (m) and inverse 
capacity (1/q) can be expressed as 1/q=12.95+7.85×102m ( 𝑹𝟐 = 𝟎. 𝟗𝟗) 
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Increasing the biosorbent dose provides greater surface area and availability of more active sites, thus leading to the 
enhancement of mercury ion uptake. As shown in (Figure 5), the removal percentage increased from 89.58 to 99.29% as 
the biosorbent dose increased from 0.1 to 0.5 g. Correspondingly, the removal capacity decreased from (1.12×10-2 mg/g) 
to (2.50×10-3 mg/g). The maximum experimental capacity (q exp) can be calculated from the linear fitting equation of the 
correlation between inverse removal capacity and adsorbent mass. The value of q exp was calculated to be 77.2×10-2 
(mg/g) when the mass is zero. This amount is much lower than those reported [16] for the divalent metal ions Pb (48.3 
mg/g), Cu (43.9 mg/g), Ni (41.0 mg/g), Zn (37.9 mg/g), and Cd (30.2 mg/g) adsorbed by P.O at pH 6. 
 
Effect of Temperature 
Finding the relationship between temperature and adsorption is crucial for various fields, including chemical engineering, 
environmental science, material science, and biotechnology. It aids in optimizing adsorption procedures, enhancing 
remedial techniques, and improving the performance of adsorbents in various applications. To assess the effect of 
temperature on adsorption, experiments were conducted at various temperatures 350, 400, 450,  500 , 550 and 600𝐶. As 
presented in (Figure 6), the removal percentage decreases as the temperature increases, reflecting the exothermic nature 
of mercury adsorption on the Posidonia oceanica surface. This result is consistent with earlier research by Dou et al. 
(2011) [13], which showed the largest adsorption rates of mercury on titanium dioxide are obtained at the temperature of 
220 𝐶 and the adsorption decreases as temperature increases.  

 
)a)                                                                                                            (b) 

Figure 6. (a) Temperature dependence of removal, and (b) Arrhenius plot of removal. The volume, concentration, 
and pH of the mercury solution are 25 mL, 50 ppb, and 2, where the contact time and P.O mass are 30 minutes and 

0.1 g. The red lines on the left and right-hand side figures are the polynomial and linear fitting of the data. The 
correlation between removal percentage and temperature can be expressed as 𝑹% = 𝟔. 𝟗𝟕 × 𝟏𝟎𝟑𝑻 − 𝟑𝟑. 𝟐𝟑 𝑻𝟐 +

𝟎. 𝟎𝟕𝑻𝟑 − 𝟓. 𝟓𝟗 × 𝟏𝟎−𝟓𝑻𝟒 − 𝟓. 𝟒𝟕 × 𝟏𝟎𝟓  (𝑹𝟐 = 𝟎. 𝟗𝟗) 

 

The modified formula of the Arrhenius equation: lnR% =  lnR0 % −  Ea /RT [17]; can be used to determine the activation 
energy of the reaction, where Ro % is the value of initial removal, Ea is activation energy (J/mol), T is temperature (K), and R 
is general constant of gases. The plot of ln R% versus 1/T gives values of intercept and slope equal to 4.48 and 38.67, 
respectively. The activation energy as estimated from the slope was found to be - 0.32 kJ/mol. This value is relatively lower 
compared to the energy associated with physisorption, indicating that physical interactions may be a part of the 
adsorption process. 
 
Effect of Ion Strength 
The electrostatic interaction is known as an important factor that drives forces for pollutant adsorption in aqueous 
solutions. Such a factor can be controlled by maintaining the ion strength of the solutions, which has an ambiguous 
impact on the adsorption process. Here, the ion strength effect on mercury removal was investigated by adding gradual 
amounts of 0.05, 0.1, 0.15, and 0.2 g of NaCl to the solutions. (Figure 7) shows that the removal of mercury ions increases 
as the amount of NaCl increased. This means the electrostatic interaction between mercury ions and the sea grass was 
enhanced by increasing the ion strength of the solutions. The theory behind such behavior stems from the role of the 
electrical double layer on the wettability of amphoteric surfaces. The salt concentration influences the diffuse part of the 
electrical double layer, which in turn affects the surface charge and thereby the surface wettability [18]. A quantitative 
understanding of such an impact on the surface energy of amphoteric solids is still missing. 
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Figure 7. The Impact of Ion Strength on Mercury Removal. The volume, concentration, and pH of the mercury 

solution are 25 mL, 50 ppb, and 2, where the contact time and P.O mass are 30 minutes and 0.1 g. The red lines in 
the figure are the polynomial fitting of the data.  The relationship between mercury removal (R%) and the mass of 

NaCl (x in g) can be expressed as:  𝑹% = 𝟕𝟎. 𝟕𝟓 + 𝟐. 𝟔𝟒 × 𝟏𝟎𝟐𝒙 − 𝟐. 𝟒𝟔 × 𝟏𝟎𝟑𝒙𝟐 + 𝟕. 𝟕𝟓 × 𝟏𝟎𝟑 𝒙𝟑  (𝑹𝟐 = 𝟎. 𝟗𝟗). 
 

Effect of initial concentration 
One element that may influence adsorption is the initial concentration of adsorbate. As illustrated in (Figure 8), the 
increase in the initial concentration of Hg (II) ions resulted in a lower removal percentage. This is due to the increase in the 
adsorbate amounts on the absorbent surface, which leads to a quick saturation of the adsorption sites and consequently 
reduces the removal percentage.  

 
Figure 8. Initial concentration dependence of removal. The volume, temperature and pH of the mercury solution are 

25 mL, 25 o C and 2, where the contact time and P.O mass is 30 minutes and 0.1 g. The red lines in the figure is the 
polynomial fitting  of the data that is expressed as R % =100.20 - 0.27 Ci + 1.89×𝟏𝟎−𝟐Ci

2 + 4.00×𝟏𝟎−𝟑 Ci
3 ( 𝑹𝟐 = 0.99).   

 
Thermodynamic studies of mercury Adsorption  
The study of the thermodynamic functions aid to anticipate the reaction's viability, which is typically the first step in 
investigating a reaction. The following equation: 𝛥𝐺  0 =  −𝑅𝑇𝑙𝑛𝐾e  [19]; can be used to calculate standard Gibbs free 
energy for adsorption at a specific temperature using the thermodynamic equilibrium constant. Where 𝛥𝐺  0  (kJ/mol) is 
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Gibbs energy, T (K) is the absolute temperature; R (kJ /mol.K) is the general gas constant; and Ke is the thermodynamic 
equilibrium constant. The latter can be calculated from the equation: Ke = 

 qe  

Ce 
 × m [19]; where qe (mg/g) and Ce (ppm) are 

the removal capacity and remaining concentration at the equilibrium point, and m (g/L) is the mass of the adsorbent. 
According to the obtained results in (Table 1), the negative values of ΔG0 reflect that the adsorption process is a 
spontaneous reaction based on the experimental conditions. As the temperature increases, the tendency for adsorption 
decreases.  

Table 1. Gibbs Free Energy Versus Temperature   
Δ𝐆𝟎(kJ/mol) T (K) 

-15.39 308 

-14.07 313 

-14.89 323 

-11.64 328 

-8.54 333 

 

 
 Figure 9. The Logarithm of Equilibrium Constant Versus Inverse Temperature. The volume and pH of the mercury 

solution are 25 ml and 2, where the contact time and P.O mass is 30 minutes and 0.1 g. The red lines in figure is the 
linear   fitting of the data. 

 
The standard enthalpy (𝛥𝐻0) and entropy (Δ𝑆0) are defined in the following equation: Δ𝐺0 = Δ𝐻0 – T 𝛥𝑆0 [19] where the 

logarithm of the equilibrium constant is expressed as Ln Ke = −
𝛥𝐻0

𝑅
(

1

𝑇
) +  

𝛥𝑆0

𝑅
  [19]. The standard enthalpy and entropy can 

be estimated from the linear plot of ln Ke versus 1/T (Figure 9). Where the slop is equal to  −𝛥𝐻0

𝑅
 and the intercept is equal to 

𝛥𝑆0

𝑅
. Accordingly, Δ𝐻0 and Δ𝑆0 are found to be -85.20 and -0.23 kJ/mol, respectively. The negative values reflect that the 

adsorption of mercury on the P.O surface is typically defined as an exothermic reaction associated with reduced disorder.  
 
 Adsorption isotherms 
Langmuir adsorption isotherm  
The linear form of the Langmuir isotherm is given as: 𝐶𝑒

𝑞 𝑒 
=  

1

𝑞𝑚 𝑘 𝐿   
+

𝐶𝑒

𝑞𝑚
 [20], where 𝑞𝑚 is the maximum monolayer capacity 

(mg/g), and 𝐾𝐿  is the langmuir constant (L/g), which is related to the binding energy of the mercury ions to the active site.  
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Figure 10. Langmuir isotherm of mercury removal on P.O surface. The red lines in figure is the linear   fitting of the 

data. 
 

The linear plot of 𝐶𝑒/𝑞𝑒  against 𝐶𝑒  (Figure 10) illustrates that the adsorption is in good agreement with the Langmuir model 
(𝑅2 = 0.99). The maximum monolayer capacity 𝑞𝑚 and the Langmuir constant KL of the mercury adsorption were 3.37 
mg/g and 0.90 L/mg respectively. The Langmuir isotherm is a valid for monolayer sorption onto a surface with a finite 
number of identical sites and uniform adsorption energies [20]. 
 
Freundlich adsorption isotherm  
The linear form of the Freundlich Equation can be expressed as seen in the equation: 𝐿𝑛 𝑞𝑒 = 𝑙𝑛 𝐾𝑓 +

1

𝑛
𝑙𝑛 𝐶𝑒  [20] where 𝑞𝑒  

is the amount adsorbed at equilibrium concentration (mg/g), 𝐾𝑓  is the empirical constant of the Freundlish isotherm 
(L/mg) and 𝐶𝑒  is the equilibrium concentration of mercury ions in solution (mg/L), the constant n is the empirical 
parameter related to the intensity of adsorption. Fitting the data using the Freundlich adsorption isotherm (Figure 11) gives 
a semi-linear relationship with 𝑅2 = 0.78 , 𝐾𝐹 = 0.70 and 1/𝑛 = 0.64  , respectively. 
 

 
Figure 11.  Freundlich isotherm of mercury removal on P.O surface. The red lines in figure is the linear fitting of the 

data. 
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Temkin adsorption isotherm 
The linear form of the Temkin isotherm is expressed as: 𝑞𝑒 =  𝐵1 ln 𝐶𝑒 + 𝐵1𝑙𝑛𝐾𝑇   [20], where  𝐵1 = R T

b⁄  is a constant, 
depending on the adsorption heat and 𝐾𝑇  (L/g) is the Temkin isotherm constant, the plot 𝑞𝑒  versus Ln𝐶𝑒  , gives a straight 
line where 𝐵 1is determined by slop (𝐵1) and 𝐾𝑇 by an intercept (𝐵1 𝑙𝑛𝐾𝑇). (Figure 12) illustrates a linear relationship with 
𝑅2 = 0.86,   𝐵1 = 3.56 ,  and  𝐾𝑇 = 5.60. 
 

 
Figure 12. Temkin isotherm of mercury removal on P.O surface. The red lines in figure is the linear fitting of the data. 
 
Adsorption Kinetics  
Kinetics studies are among the most significant research on the adsorption process; they investigate the impact of 
contact duration on the removal rate. Lagergern's pseudo-first-order equation: ln(𝑞𝑒 − 𝑞𝑡)= ln𝑞𝑒 − 𝐾1𝑡  [21] serve as the 
basis for the adsorption kinetics models, where 𝑘1 (/h) is the Lagergern rate constant, 𝑞𝑒 and 𝑞𝑡  are the amounts of 
mercury ions adsorbed per unit mass of the adsorbent at equilibrium and t is time.  The plot of ln (𝑞𝑒 − 𝑞𝑡) versus t (Figure 
13) shows no straight line, which reflects that the kinetics of the mercury removal reaction by posidonia oceanica does 
not agree with the pseudo-first-order model. 

 
Figure 13. Pseudo-first-order model of mercury removal on P.O surface. The red line in figure is the linear fitting of 

the data. 
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The pseudo-second order mechanism by Ho et al. [21] is presented in the equation: 𝑡

𝑞𝑡
=

1

𝑞𝑒
2𝑘2  

 + 
1

𝑞𝑒
 t. Where  𝐾2 is a 

constant rate for a pseudo-second order equation, which is obtained from the plot of t/𝑞𝑡  versus t (min) (Figure 14). The 
fitting of this relationship was found to be linear (R2=0.99), which means that the kinetic of the mercury removal reaction 
agrees with pseudo-second order model. The 𝐾2 and 𝑞𝑒  Can be calculated using the straight line fitting where 1

𝑞𝑡
 is the 

slope and 1

𝑞𝑒
2𝑘2  

 is the intercept. The values of 𝐾2 and 𝑞𝑒  are found to be 75.53 (g/mg. min) and 0.12 mg/g, respectively.  

Comparing the correlation factors of the adsorption isotherms and kinetics, it can see that pseudo- second order model 
presented the highest correlation factor (R2= 0.99) whereas pseudo- first order model showed the lowest correlation (R2= 
0.29). 

 
Figure 14. Pseudo-second order model of mercury removal on P.O surface. The red line in figure is the linear fitting 

of the data. 
 

Conclusion  
To conclude, posidonia oceanica showed good properties as a natural filter for mercury in aqueous solutions. This was 
evident by scanning electron microscopy, which showed that P.O grass has a rough surface that aids to uptake of mercury 
by friction. Also, IR measurements showed P.O has several active functional groups for mercury adsorption, as illustrated 
by changes in the ranges of 1750–1600 cm−1 and 1423- 1371 𝑐𝑚,−1 before and after the adsorption. The thermal 
gravimetric analysis displayed the humidity percentage of P.O is 8.96% where the ash percentage is 2.88%. The batch 
mode study stated the optimum conditions for Hg (II) ion removal on P.O surface are: contact time= 90 min; adsorbent 
dosage= 0.1 g; initial concentration of Hg (II) ions= 50 µg/L; temperature=35°C, and pH= 2. In addition, the maximum 
adsorption capacity 𝑞𝑚 of Hg (II) ions was estimated to be 3.37 mg/g. The activation energy as calculated from the 
Arrhenius equation is - 0.32 kJ/mole. The thermodynamic functions: Δ𝐻0 and Δ𝑆0 are found to be -85.20 and -0.23 kJ/mol, 
respectively. The isotherm models showed that the kinetics of mercury removal are strongly correlated with the Langmuir 
isotherm model and the second- pseudo equation, but the correlation was weaker with Freundlich and Temkin models. 
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