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ABSTRACT 
Background: Tetracycline is one of the most commonly used antibiotics that cause pollution of surface water, groundwater and soil when it 

enters the environment. Objective: The purpose of this study was to investigate the modified pumice capacity with magnesium chloride in 

order to remove tetracycline antibiotics from aqueous solutions and compare the modified pumice with natural pumice. Materials and 

methods: The various and effective factors on adsorption were evaluated; these factors include pH, amount of adsorbent, tetracycline 

concentration, time and the impact of confounding factors. Thermal and chemical regeneration of the adsorbent was performed. Results: 

The highest amount of tetracycline adsorption in the synthetic solution that was reached at 180 min (adsorbent: 12 g/L, pH: 3) using 
modified pumice with magnesium chloride (50 mg/L) was 95%. The highest amount of tetracycline adsorption in the synthetic solution that 

was reached at 180 min (adsorbent: 8 g/L, pH: 3) using natural pumice (75 mg/L) was 93.3%. In the synthetic solution, interfering factors, 

such as nitrate, chloride, sulfate and water hardness increased the tetracycline adsorption for modified pumice. The adsorption efficiency 
was reduced by alkalinity. In the presence of all the interfering factors (except alkalinity) and thermal regeneration, the modified pumice 

showed better results when compared with the natural pumice. Conclusion: Natural and modified pumice have a relatively good efficiency 

in tetracycline adsorption from real solutions. Their availability, ease of use, and thermal regeneration capacity put forward their great 
potential to be used in the adsorption of tetracycline antibiotic from the wastewater of pharmaceutical industries. 

 

KEYWORDS: Adsorption, interfering factors, Langmuir isotherm, thermal regeneration. 

 

 

INTRODUCTION 

 

Antibiotics are widely used in the treatment of human and animal diseases. Most of the antibiotics, 

including tetracycline (TTC) are weakly absorbed in human body and a major part of them gets excreted 

through urine and feces [1]. Antibiotic remaining is discharged into the environment through agricultural runoff 

or sewage treatment plant. Antibiotics have been identified in soil, groundwater, surface and drinking water[1, 

2] Antimicrobials and their metabolites may appreciably affect the soil microflora, particularly bacteria and 

contribute to enhanced resistance of pathogens to these compounds [3]. Tetracyclines are a group of broad-

spectrum antibiotics. Chlortetracycline, tetracycline, doxycycline, minocycline and oxytetracycline are members 
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of the tetracycline antibiotics group and each of them have different pharmacological properties. Tetracycline is 

a polyketone compound with a naphthalene ring structure and it contains three acid groups: tricarbonyl, β-

diketone phenolic and dimethylamine [3]. To date, various methods have been used to remove antibiotics from 

the wastewater; these methods include ozonation [4], electrochemical process [5], fenton [6], photo fenton [7], 

photo catalysis [8], membrane technologies [9] and other methods. Methods that are based on chemical analyses 

were the approaches (ozonation or electrochemical process) that convert antibiotic to interfaces substances 

which are more toxic than the basic composition [10, 11]. Adsorption using of porous materials naturally in 

removing antibiotics from aqueous solutions is effective and because of low cost, high adsorption capacity, as 

well as environmental friendliness is recommended [12]. The adsorption process is a common method for the 

removal of tetracycline [13]. Chen et al. (2016) in their study carried out in the China, concluded that 

tetracycline was adsorbed onto rice husk ash [14]. Another study was conducted in Iran by Hedayati Marzbali et 

al. (2016) Adsorption of tetracycline by H3PO4- activated carbon produced from apricot nut shells was carried 

out [15]. Pumice stone has some features that distinguish it from other inorganic adsorbents. These features are 

high mechanical power, low weight and the ability to restore. Pumice is a porous volcanic rock that is rich in 

silica with bright colors. The surface of this adsorbent is full of cavities due to the emergence of gas. When the 

stone is placed in an aqueous solution, ions and molecules enter the cavities and stay there. Thus far, this 

adsorbent has been used to remove chromium [16], fluoride [17], hardness agents [18], phosphorous ions [19] 

,iron [20] and colors [21] and has yielded good results. There are many pumice stone mines in Iran, such as 

Taftan Mountains in the South of Iran, Abali in the North of Iran near the Qazvin city, in the West of Hamedan 

and East Azerbaijan (Tymche Dash) [22]. Modification of natural pumice with magnesium chloride should 

increase its magnesium content, as well as its specific surface area leading to an improvement of the pollutant 

adsorption capacity [19]. The purpose of this study was to investigate the modified pumice capacity with 

magnesium chloride to remove the antibiotic tetracycline from aqueous solutions and compare pumice modified 

with natural pumice. 

MATERIALS AND METHODS 

 

Preparation of the natural and modified pumice: 

This experimental study was conducted at the Environmental Health Engineering Research Center of 

Kerman University of Medical Sciences in the year 2014. Initially, pumice stone was obtained from the Tymche 

Dash Mine in East Azerbaijan. After the pumice stone have been crushed and screened (by 30 Mesh sieve), 1 ml 

of high-density hydrochloric acid (11.67 N) was added to it in order to remove impurities. After 1 min, it was 

rinsed with deionized water and was placed in 150°C oven for 24 h. After drying, it was used as natural pumice 

(NP). To prepare the modified pumice, a 200 ml magnesium chloride solution (2 mol/L) was added to 10 g of 

pumice and was placed on the mixer (Heidolph Unimax 1010) for 1 h at 300 rpm speed. After this time, pumice 

was washed with water and placed in 150°C oven for 48 h. Thereafter, it was used as modified pumice with 

magnesium chloride (MGMP). The properties of both natural and modified pumice before and after adsorption 

of the tetracycline antibiotic were determined using X-ray fluorescence analysis (XRF), X-ray scattering (XRD), 

scanning electron microscopy (SEM) and infrared radiation (FTIR).  

 

Column test discontinuous: 

To determine the best conditions for adsorption of tetracycline antibiotic by natural and modified pumice, 

tests were conducted at different pH (3, 4, 5, 7, and 11), times (15, 30, 60, 90, 120 and 180 min), adsorption 

amounts (4, 8 and 12 g/L) and tetracycline concentrations (50, 75 and 150 mg/L). In each test, one of the 

parameters was variable and the others were kept constant. One normal solution of sulfuric acid and sodium 

hydroxide was used to adjust the pH (Jenway, model 3510). The remaining concentration of tetracycline was 

read at the wavelength of 357 nm by spectrophotometr (model 1700, Shimadzu Japan).  

The effects of confounding parameters, such as hardness and alkalinity (150, 300 and 350 mg/L), chloride 

and sulfate (250, 500 and 1000 mg/L) and nitrate (50, 100 and 150 mg/L) ions were evaluated separately for the 

adsorption of tetracycline. Thus, to study the effects of alkalinity with 350 mg/L concentration, 0.223 g of 

sodium carbonate was added to a solution of tetracycline and it reached the volume. Samples containing 100 ml 

of pollutants solution along with the adsorbent were placed on the mixer at 300 rpm rate for 180 min and 

without changing the pH of the solution (natural pH of tetracycline = 5). After adsorption, the remaining 

concentrations of tetracycline were reported. 

The regeneration of adsorption was conducted using thermal and chemical methods. During the thermal 

regeneration, the adsorbent material was removed from the adsorption conditions and thereafter was placed in 

the oven for restoration at different temperatures (100, 200, 300, and 400°C) with different durations (15, 60, 

120 and 180 min). Then, the best condition for regeneration was obtained. This material was used in the process 

of adsorption and the results were reported. This process was repeated for the modified adsorbent. For the 

chemical regeneration, 50 mL of hydrochloric acid and nitric acid (0.5, 1, 1.5, and 2 N), sodium carbonate and 

sodium-potassium citrate double (1, 2, 3, and 4 mM) were prepared. In chemical regeneration (the same as 
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thermal regeneration), desorption and adsorption function was done for both modified and natural pumice. The 

real sample was prepared from the output wastewater of septic tanks of pharmaceutical industries that contained 

tetracycline antibiotic. All adsorption tests were performed at optimal conditions on wastewater samples after 

determining the real wastewater’s quality.  

 

The equilibrium constant and kinetics reaction studies: 

To determine the equilibrium constant, Erlenmeyer flask containing 100 ml of tetracycline solution with 

concentrations of 50, 100, 150, 200, 250 and 300 mg/L, The optimal amount of adsorbents (natural pumice 

adsorbent of 8 g/L and magnesium chloride modified pumice adsorbent of 12 g/L( was placed on the mixer for 

960 min. The results were adapted with Langmuir, Freundlich and Temkin isotherm. Pseudo-first order, pseudo-

second order and modified pseudo-first order equations were used to study the  reactions’ kinetic. 

All the used chemical substances were obtained from Merck Company of Germany and tetracycline powder 

(Purity of 98%) was obtained from Sigma-Aldrich Company. All samples and tests were performed according to 

methods mentioned in Standard Methods for The Examination of Water and Wastewater (twenty-second 

edition, 2012). Data analysis was performed using descriptive statistics [23].  

 

RESULTS AND DISCUSSIONS 

 

Determination of adsorbent’s characteristics: 

XRF study: 

Table 1 shows the XRF analysis results of the natural and modified pumice components. 

 
Table 1: Natural and modified pumice components based on XRF analysis 

Component Al2O3 SiO2 SrO Na2O Fe2O3 TiO2 CaO K2O SO3 P2O5 MgO Chloride 

MGMP(w/w%) 17.24 63.45 0.09 2.01 2.86 0.37 3.22 2.16 0.16 0.21 1.73 0.63 

NP(w/w%) 17.24 63.45 0.09 2.01 2.86 0.37 3.22 2.16 0.16 0.21 1.03 0.31 

 

Pumice is mostly composed of silica and aluminum oxide. Pumice containing high levels of silica oxide has 

a higher purity percentage. The amount of iron oxide represents the appearance color and density of the pumice. 

Modification of the pumice by magnesium chloride increased the percentage of magnesium oxide and chloride 

ion. Specific surface area of the natural and modified pumice was 2.34 and 41.63 m2/g, respectively [16].  

 

X-ray diffraction study: 

Figure 1a and b shows the results of XRD analysis for both natural and modified pumice samples. 

 

 
Fig. 1: The results of XRD analysis: (a) natural pumice, (b) modified pumice 

 

The two adsorbents showed very similar XRD patterns. Thus, it can be concluded that the modification of 

natural pumice surface by magnesium chloride has no significant effects on the main frame and compatible with 
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those reported in the literature [16]. In both samples, the degree of crystallization can be observed at angles (2θ) 

= 12.0, 26.0, 32.5, 33.0, 33.5, 34.5, and 28.0°. The dome-shaped curve between 2θ = 20-40 represents the 

amorphous phase used and raw sample of adsorbent. According to the observed peak, anorthit, calcite, quartz 

and dolomite minerals are available in the raw samples.  

 

SEM study: 

The SEM analysis of the natural and modified pumice samples before the adsorption of tetracycline (Figure 

2a and 2b) at magnification of 500× are shown in Figure 2. 

 

 
 

Fig. 2: The SEM analysis of the natural and modified pumice samples before the adsorption of tetracycline  

 

The natural pumice’s surface has petal-like regular surfaces. Pumice modification by magnesium chloride 

resulted in the loss of coarse and rough surfaces of the adsorbent. The essence of increasing the surface area of 

pumice after modification is to adsorb more tetracycline. Magnesium chloride has been modified as a result of 

pumice. A research report by Karimian et al[19], modification of natural pumice with magnesium chloride 

improved its specific surface area and changed its surface structure to a smoother form. In addition, increases of 

porosity and specific surface area of pumice after modification led to the penetration of tetracycline into internal 

parts. 

The SEM analysis of the natural and modified pumice samples after the adsorption of tetracycline at 

magnification of 15,00KX are shown in Figure 3. 

 

 
 

Fig. 3: The SEM analysis of the natural and modified pumice samples after the adsorption of tetracycline  

 

Petal-like surfaces cannot be seen after adsorption of tetracycline on pumice, and tetracycline molecules are 

uniformly modified natural pumice surface, that is, saturated. Modified pumice by porous structure can attract 

the more tetracycline. 

 

FTIR study: 

The FTIR analysis of natural and modified pumice samples before the adsorption of tetracycline (Figure 4a 

and 4c) and after the adsorption of tetracycline (Figure 4b and 4d) are shown in Figure 4. 
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Fig. 4: The FTIR analysis of natural and modified pumice samples before the adsorption of tetracycline (Figure 

3a and c) and after the adsorption of tetracycline (Figure 3b and d) 

 

For the natural pumice, the observed peak in 1043, 784, and 464 cm-1 bands represents the silica-oxygen 

compounds band (Si-O-Si). Peaks at 3449 cm-1 wave length are related to the adsorbed water molecules and H-

O and H-OH bonds, respectively. Peak at 1640 cm-1 can be assigned to amide I or C=O amide stretching 

(Figure 4a and c). Peak at 1640 cm-1 of the samples after the adsorption was observed were different from the 

samples before the adsorption. The band changes of amide I or C=O amide groups at 1640 cm-1 demonstrated 

that tetrecycline was adsorbed to the natural and modified pumice with cation exchange and surface 

complexation [24-26].  

 

The effects of pH and time: 

The effects of pH and time on the efficiency of natural and modified pumice to tetracycline’s adsorption are 

shown in Figure 5a and 5b, respectively. 
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Fig. 5: The effects of pH and time on the change of tetracycline’s concentration for natural (a) and modified (b) 

pumice (TTC = 75 mg/L, adsorbent = 8 g/L) 

 

The highest removal efficiency of adsorption in both adsorbents is related to 180 min and pH at 3. Thus, the 

maximum adsorption of tetracycline occurred in acidic conditions. The tetracycline adsorption increased quickly 

until 180 min and thereafter the increase occurred with a gentle slope. Tetracycline molecule has hydroxyl, 

carbonyl, amide and amine groups with different pKa (3.3, 7.7 and 7.9). Tetracycline pH is positively charged as 

a result of receiving H+ in acidic conditions and formation of dimethyl ammonium group when the pH is less 

than 3.3. When pH is between 3.3 and 7.7, tetracycline is neutralized. Finally, when pH is greater than 7.7, 

tetracycline appears as an anion in the environment, which is due to the loss of protons in some functional 

groups [13, 27]. According to zero pH point of natural pumice (pHzpc=5.8), pumice is positively charged at pH 

lower than 5.8 and negatively charged at higher pH. Magnesium chloride was used for pumice modification, 

since it increased the pHzpc of the modified pumice up to 6.3. Therefore, pumice is positively charged in a 

wider range of pH. When pH was equal to 7, the tetracycline adsorption by modified pumice showed better 

results than the natural pumice (Figure 4). A research report by Ersoy et al.[26] revealed that the inverse 

relationship between pH and zeta potential demonstrates the adsorption via coulombic interaction. The 

coulombic interaction may also be due to the presence of ≡Si+ and Si−OH2 + which come out during the 

grinding process as a result of bond breaking or deprotonation of ≡Si−OH groups at the particles surface of 

pumice materials. The involved mechanisms in tetracycline adsorption by pumice are different at various pH. 

For this reason, pH plays the most important role in tetracycline adsorption on the pumice surface. Cation 

exchange is the dominant mechanism for adsorption when pH is between 2 and 3 [28, 29]. This means that the 

positive cations of pumice surface, such as Fe+3, Ca+2, Mg+2, Na+ and K+ get replaced with tetracycline cations 

and tetracycline sits on the pumice. Guler and Sarioglu (2014) studied the adsorption of tetracycline by natural 

pumice. They measured the amount of positive ions in the solution after adsorption and concluded that the 

positive cations increased adsorption than before. The expressed cation exchange is the adsorption mechanism. 

Modify pumice with magnesium chloride to increase the number of positive magnesium ions on the surface 

helps pumice and cation exchange [29].  When pH is between 3 and 7, the cation exchange process and forming 

the surface complexation are the involved mechanisms in adsorption. Probably, physical mechanisms, such as 

Van Der Waals forces and the formation of hydrogen bonds between polar groups of tetracycline and acid 

groups on the surface of the pumice play a role in the formation of surface complex as well. In alkaline 

conditions when pH is greater than 8, the mechanism of adsorption is only due to the surface complex formation 

[30]. It can be concluded that tetracycline adsorption at acidic conditions on natural pumice and modified 

pumice with magnesium chloride surfaces is due to the cation exchange and surface complex formation. Liu et 

al. (2013) in their study in China were able to adsorbed tetracycline molecule on the substrate of silica adsorbent 

(MCM-41) merged with synthetic zeolite (A). It was found out that adsorption was better at acidic conditions, 

and ion exchange was suggested as the mechanism of adsorption. This result corresponds with the present study 

[13]. Adsorption declined sharply at alkaline conditions for both adsorbents. This can be due to the posed 

competition between hydroxyl ion and tetracycline anion to access the active site on pumice.  

Increasing the contact time has a positive effect on tetracycline adsorption on the surface of the adsorbent. 

The maximum adsorption of tetracycline occurred after 180 min and then the adsorption process became slow. 

This means that the adsorbent surface is saturated for 180 min and the remaining surface for adsorption of drug 

is negligible. Thereafter, the previously adsorbed tetracycline has the opportunity of returning back to the 

solution. For this reason, the amount of adsorbed drug reduced for longer time periods. Chen and Huang (2010) 

in the United States did a study on tetracycline adsorption using aluminum oxide and the maximum adsorption 

amount was achieved at 180 min. Their results are consistent with the results of this study [31].  
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The effects of the amount of adsorbent: 

The effects of the amount of adsorbent on the efficiency of natural and modified pumice to tetracycline’s 

adsorption are shown in Figure 6. 

 

 
 

Fig. 6: The effects of amount of adsorbent on the change of tetracycline’s concentration for natural (a) and 

modified (b) pumice (TTC = 75 mg/L, pH=3, t=180 min) 

 

The maximum adsorption by natural pumice occurred at 8 g/L concentration and increasing this 

concentration to 12 g/L decreased the adsorption. In the case of modified pumice with magnesium chloride, the 

adsorption of tetracycline increased by increasing the adsorbent amount and the best adsorption was observed at 

12 g/L concentration. By increasing the amount of natural pumice to 8 g/L, the number of active sites for 

adsorption increases and thus the effective encounters between adsorbent and adsorbing agent increases and 

consequently, pumice adsorbs more tetracycline. The adsorbent particles tend to accumulate by increasing 

pumice up to 12 g/L. This accumulation causes regeneration of active and available sites of adsorbent for the 

pollutants to sit on. Thus, the adsorption of tetracycline by the adsorbent reduces and the adsorption efficiency 

comes down. That at low adsorbent dosages all types of sites are entirely exposed for sorption, and the surface 

may become saturated faster. Whereas, at higher adsorbent dosages, the availability of higher energy sites may 

decrease and a larger fraction of lower energy sites may be occupied. This results in an overall decrease in 

binding energy of the surface, and there may exist a reversible reaction process between tetracycline molecules 

attached to low energy sites and those present in bulk solution. This may be a possible reason for the observed 

increase in tetracycline uptake with  adsorbent dosage up to a certain stage and remaining nearly constant 

thereafter [17]. 

 

The effects of the initial concentration of tetracycline: 

The effects of the initial concentration of tetracycline on the efficiency of natural and modified pumice to 

tetracycline’s adsorption are shown in Figure 7. 

 

 
 

Fig. 7: The effects of the initial concentration of tetracycline on the change of tetracycline’s concentration for 

(a) natural (NP=8 g/L, pH=3, t=180 min) and (b) modified pumice (MGMP=12 g/L, pH=3, t=180 min) 

 

Modified pumice with magnesium chloride adsorption efficiency decreases by changing tetracycline 

concentration from 50 to 150 mg/L. In case of natural pumice, increasing the concentration from 50 to 75 mg/L 

led to a slight increase in the adsorption efficiency. The maximum adsorption efficiency at optimum conditions 

for natural and modified pumice was 93.3 and 95%, respectively (Figure 7). Natural pumice did not show good 

performance when the tetracycline concentrations were higher and lower than 75 mg/L. Adsorption amount of 

tetracycline increased by increasing its concentrations until it reached certain concentration (75 mg/L). In this 
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concentration, all surface area and pores of the adsorbent reached saturation. The adsorption decreased after this 

concentration (75 mg/L). The results of this study correspond with the result of Nezamzadeh and Tavakoli-

Ghinani (2013) that was conducted in Iran in 2013 on the adsorption of cephalexin by zeolite. These researchers 

concluded that the decrease in adsorption of contaminants at high concentrations is related to hydrogen bonds 

formation among carbonyl and amino groups in the cephalexin molecule [32]. A decrease in the adsorption of 

tetracycline on the adsorbent with increasing initial concentration can be the repulsive force between molecules 

in solution and tetracycline molecule on the surface is adsorbent. On the other hand, tetracycline molecule 

accumulation around pumice particles tend to drive into absorbent the molecules tetracycline. Karimian and et al 

found in a study of modified pumice with magnesium chloride to the natural pumice able to absorb phosphorus 

ions from aqueous solution has a low viscosity [19]. So we can say that when the concentration of tetracycline 

molecules in aqueous solutions is low, pumice modified in a better performance. 

Table 2 shows the results of real wastewater quality analysis for natural pumice of pharmaceutical industry. 

 
Table 2: Real wastewater quality analyzes 

Wastewater 
components 

Hardness alkalinity TTC pH Cl- SO3
-2 NO3

- TSS BOD COD 

(mg/L) 250 170 102 6.5 100 120 25 320 300 570 

 

The results of tetracycline adsorption amount in real solution and at optimal condition showed an 

adsorption efficiency of 75 and 78% for natural and modified pumice, respectively. 

The effects of interfering factors  

Figure 8a and 8b shows the effects of interfering factors, such as alkalinity, hardness, Cl-, NO3
- and SO4

2- on 

the tetracycline’s adsorption process by natural and modified pumice in the synthetic solution. 

 

 
 

Fig. 8: The effects of interfering factors on the change of tetracycline’s concentration in (a) NP (TTC = 75 

mg/L, NP = 8 g/L, pH=5, t=180 min) and (b) MGMP (TTC=50 mg/L, NP =12 g/L, pH =5, t =180 min) 

 

The efficiency of tetracycline adsorption by natural pumice and modified pumice with magnesium chloride 

in the absence of interfering factors when pH=5 was 53.3 and 55%, respectively. Tetracycline adsorption 

efficiency by natural pumice slightly increased when nitrate, sulfate and hardness were added to the tetracycline 

solution. Ion chloride and alkalinity interfered with the adsorption of tetracycline and the adsorption efficiency 

slightly decreased.  Modified pumice at the presence of confounding factors except alkalinity (sulfate, chloride, 

hardness and nitrate) was better than natural pumice. The adsorption efficiency by modified pumice at the 

presence of nitrate with concentration= 50 mg/L reached 69.4%. The present electrolytes in the solution will 

influence the adsorption efficiency by affecting the electrostatic adsorption forces between the present ions in 

the solution and the adsorbent, as well as affecting the surface load of the adsorbent and intervention in 

adsorbing pollutants [33]. The increase in the efficiency of tetracycline adsorption in the presence of nitrate, 

sulfate and hardness can be attributed to the inner-sphere complex formation. During internal complex 

formation, available ligands on the surface of the adsorbent replace pollutants with water molecules from the 

internal parts and directly link to pollutants. Upon formation of the internal complex, increase in the ionic 

strength of the solution can improve the removal efficiency or have no effect [19]. Decrease in the amount of 

tetracycline adsorption might have been due to the created electrostatic competition between Na+ and 

tetracycline compounds since sodium carbonate was used to create alkalinity. Gao et al. (2012) in China studied 

tetracycline adsorption using graphene oxide and showed that the amount of tetracycline adsorption decreased 

by increasing the ionic strength of the solution by sodium chloride. This result corresponds with the results of 

this study [1]. Malakootian et al. (2016) in Iran studied tetracycline adsorption using natural and modified 

zeolite with cationic surfactant reported with adding confounders such as hardness, alkalinity, nitrate, chloride 

and sulfate to the tetracycline solution, decreased the adsorption efficiency [34]. The regeneration in tetracycline 
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adsorption efficiency in real solution is justifiable according to the actual waste water’s quality, its high 

alkalinity (170 mg/L) and the presence of other confounding factors.  

 

The results of adsorbent regeneration: 

The results of the adsorbtion of tetracycline after adsorbent regeneration process using heat for natural and 

modified pumice are shown in Figure 9a and 9b. 

 

 
Fig. 9: Results of the change of tetracycline’s concentration after the thermal regeneration (a) natural pumice, 

(b) modified pumice 

 

The maximum percentage of thermal regeneration for both adsorbents occurred at 100°C. Increasing the 

time had no effect on adsorbent regeneration. Figure 8 shows the result of the adsorption of tetracycline by the 

regenerated adsorption and the results showed that the highest percentage calculated for regenerative adsorbent 

for natural pumice and modified is 65 and 90%, respectively. Thermal regeneration tests showed better results 

for the modified pumice. 

In chemical regeneration, 50 and 57% of the natural and modified pumice was revived, respectively. The 

maximum percentage of regeneration was related to the usage of 2 N hydrochloric acid. 

 

The equilibrium constant study: 

The results of the investigation of Freundlich, Langmuir and Temkin adsorption isotherms are shown in 

Table 3.  

 
Table 3: The coefficients to Freundlich, Langmuir and Temkin isotherm models 

 

Parameters 

 

Temkin isotherm 

 

Langmuir isotherm Freundlich isotherm 

r2 kt b1 r2 RL b 
(L/mg) 

qm(mg/g) r2 n kf 

MGMP 0.718 0.627 564.5 0.917 0.137 0.0478 20.83 0.591 2.176 2.451 

NP 0.989 0.309 245.31 0.990 0.22 0.026 50 0.974 1.470 2.089 

 

According to the obtained results from the above adsorption isotherm, the linearity percentage of Langmuir 

isotherm was more than any other isotherm and this isotherm was followed. In the study of equilibrium 

constant, hybrid energy of tetracycline molecule on the modified pumice with magnesium chloride is greater 

than that on the natural pumice. Higher values of adhesion factor and hybrid energy of modified pumice show 

that modified pumice with magnesium chloride has a higher tendency to adsorb tetracycline molecule than 

natural pumice. However, the maximum adsorption capacity of tetracycline according to Langmuir isotherm 

model for modified pumice with magnesium chloride (20.83 mg/g) is lower than natural pumice (50 mg/g). This 

phenomenon can be due to tetracycline penetration to the internal pores of natural pumice. Even though, it had 

lower adhesion coefficient and hybrid energy, its maximum adsorption capacity was greater than that of the 

modified pumice.  

At Langmuir isotherm, variation of separation factor for natural and modified pumice is 0.22 and 0.137, 

respectively, showing the desirability of tetracycline adsorption on natural pumice and modified pumice with 

magnesium chloride (Table 3). Tetracycline adsorption of natural and modified pumice follow Langmuir 

isotherm. Prado et al. (2009) in France studied about tetracycline biosorption by activated sludge and their 

results confirm the result of the study by Nolwenn et al. (2009) [35].  

 

Reaction kinetics studies: 

The results of studying the parameters of pseudo-first order, pseudo-second order and modified pseudo-first 

order of kinetic are shown in Table 4. 
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Table 4: Obtained parameters from kinetic equation 

 
Parameters 
 
 

modified pseudo-first order pseudo-second order pseudo-first order 

qe, exp qe, calc R2 Km 
(g/mg 
min) 

qe, exp qe, calc R2 K2 
(g/mg 
min) 

qe, exp qe, calc R2 K1 
(1/min
) 

MGMP 7.37 7.92 0.994 0.009 7.37 8.13 0.996 0.774 7.37 7.41 0.913 0.026 

NP 8.75 8.86 0.962 0.018 8.75 9.38 0.999 0.552 8.75 8.76 0.903 0.032 

 
According to the obtained results, tetracycline adsorption by natural and modified pumice follows pseudo-

first order of kinetic equations. Adsorption kinetics studies showed a small difference between qe values that are 
calculated and obtained from the tests. The reaction rate of natural pumice is higher. Thus, natural pumice have 
a higher tetracycline adsorption capacity as compared to the modified pumice. The result of this study is in 
agreement with the results of the study of Liu et al. (2013) that was conducted in China about tetracycline 
adsorption on the substrate of silica adsorbent (MCM-41) merged with synthetic zeolite (A) [13].  

 
Conclusions: 

Natural and modified pumice with magnesium chloride have a relatively good efficiency of 75 and 78%, 
respectively in tetracycline adsorption from wastewater of pharmaceutical industry. Natural and modified 
pumice are suggested as tetracycline adsorbents for related wastewater of pharmaceutical industry, because of 
their accessibility, ease of use and great capacity in chemical and thermal regeneration. Natural pumice has 
higher adsorption capacity as compared to the modified pumice. Modified pumice has a higher surface area and 
also in the presence of confounding factors (except alkalinity) and thermal regeneration process, the modified 
pumice showed better results as compared to the natural pumice.  
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