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ABSTRACT 
β-blockers used to treat hypertension are reported in surface water bodies. Atenolol (β-blocker) was 
selected to study it removal from aqueous phase by adsorption onto activated charcoal using agitated 
non-flow batch sorption experiments. Sorption experiments documented good removal of atenolol 
from aqueous phase by activated charcoal but was found to be dependent on the concentration loaded. 
Equilibrium data of atenolol-charcoal sorption system showed a reasonably good fit with pseudo first-
order kinetic plot. The intra-particle diffusion plot indicates complex nature of atenolol-activated 
charcoal sorption system involving both boundary layer and intra-particle diffusions. Equilibrium 
sorption data confirmed to linear Freundlich’s and dual mode model (DMM) corresponding to two 
and three parameter models respectively. Neutral redox condition documented higher sorption 
capacity of activated charcoal for atenolol. Operating temperature showed marked improvement in 
atenolol sorption onto activated charcoal up to 30 °C.  Good desorption of atenolol from activated 
charcoal was observed with distilled water followed by inorganic solvents. 
 
Keywords: desorption; Intraparticle diffusion model; Isothermal models; pharmaceutical products. 
 
1. INTRODUCTION 
Global concern about the persistence and occurrence of human-used pharmaceuticals in 
wastewaters and ambient surface waters is more evident1-5. Occurrence of these drugs in 
the watersheds of densely populated areas across Europe and North America was reported. 
Substantial amounts of these pharmaceuticals and their metabolites get into the wastewater 
after excretion and finally end up in the surface water4. Wastewater treatment plants 
(WWTPs) are the major sources for these ‘‘down-the-drain’’ chemicals. Further, human 
metabolism, removal in WWTPs, dilution in receiving waters and elimination processes in 
surface water play an important role in determining their surface water concentrations2. 
Ecotoxicological studies show that aquatic organisms are sensitive to these substances4,6-9.  
β-blockers are a group of drugs normally used to  treat high blood pressure (hypertension) 
and to prevent heart attack recurrences. Studies documented the occurrence of β-blockers 
in surface water2,10-21 and indicated incomplete degradability of these substances in sewage 
treatment plants18,22-25. Alder and co-workers2 reported occurrence and fate of four β-
blockers (atenolol, sotalol, metoprolol and propranolol) in wastewater and surface water 
(Glatt Valley Watershed, Switzerland). About 50% of orally administered atenolol normally 
gets absorbed and the rest un-metabolized fraction gets excreted mainly as the parent 
compound with approximately equal fractions in feaces and urine2. Concentration of β-
blockers in the surface waters of Europe and North America range from a few ng/L to 2.2 
mg/L where, higher concentrations are measured in the rivers impacted by municipal 
wastewater2. The excreted β-blockers and/or their metabolites (microbial cleavage of 
conjugates) are partially removed in WWTPs4,26-32. Escher et al.33,34 demonstrated that most 
β-blockers had a specific toxicity towards green algae. All β-blockers have the same mode of 
                                                        
 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES           ISSN: 22775005 
 

Vol. 2 (1) Jan-Mar 2013                             www.ijpcsonline.com                                       356 

toxic action in the aquatic organisms34 and demonstrate a specific toxicity towards green 
algae33,34. To reduce the potential risk caused by β-blockers in water discharged to aquatic 
environment, their removal is significantly important. Therefore in this study, the potential of 
sorption process for the removal of atenolol, a widely used β-blocker drug was evaluated by 
activated charcoal as sorbent using agitated non-flow batch sorption experiments. Atenolol is 
a selective β1 receptor antagonist drug used primarily in cardiovascular diseases as a 
replacement for propranolol in the treatment of hypertension.  
 
2 Experimental procedures 
2.1 Activated charcoal 
Activated charcoal (granular; Loba Chemie Pvt Ltd., India) with 1.5 mm average diameter 
[surface area, 99.5 m2/g; bulk density, 0.4 g/ml; pore size, less than 5 nm (67%)] was used 
to evaluate its potential as sorbent to adsorb EE2 from aqueous phase. 
 
2.2 Atenolol 
Atenolol ((RS)-2-{4-[2-hydroxy-3-(propan-2-ylamino)propoxy]phenyl}acetamide) was  
purchased from Sigma-Aldrich (≥ 90% purity) and used in the adsorption studies after 
diluting to predetermined concentrations with distilled water (Table 1). 
 
 

Table 1: Structure and properties atenolol 

Formula Molecular 
Mass pKaa 

Water 
Solubility 

(mg/L) 

Sorption 
coefficient 
of sludgeb 
(Kd, l/Kg) 

Degradation 
rate 

constant 
WWTPb 
(l/d-g) 

Structure 

C14H22N2O3 
266.336 

g/mol 9.6 26700 40 0.69 

 
 
 
 
 

a [35], b[4]  

 
2.3 Experimental design 
Agitated batch sorption experiments were designed and performed to evaluate the potential 
of activated charcoal to adsorb atenolol from aqueous phase and to understand the 
adsorption behavior of the atenolol-activated charcoal system. Independent bottles were 
used to represent a single point on the graph. Each 250 mL glass bottle was loaded with 250 
mg of activated charcoal followed by required concentration of 50 mL of atenolol solution. 
Effect of contact time on adsorption was evaluated by taking 50 mL of atenolol spiked 
solution (5.0 μg/L) and 250 mg of activated charcoal. The atenolol-activated charcoal 
reaction mixture after adjusting to neutral pH was agitated at 120 rpm on a horizontal shaker 
for predetermined time intervals of 15, 30, 60, 120, 180, 240 and 400 min. The resulting 
sorption data was used to estimate the equilibrium time required for sorption and for the 
kinetic evaluation of atenolol-activated charcoal sorption system. Effect of sorbate 
concentration on adsorption was studied by varying atenolol concentration (1.0, 2.5, 5.0 and 
7.0 μg/L). The requisite concentration of atenolol solution was loaded with 250 mg of 
activated carbon and the reaction mixture was adjusted to pH 7 prior to subjecting for 
constant agitation (120 rpm; 28±2 0C) for 120 min.  Isothermal studies were performed by 
varying concentrations of atenolol (1.0–7.0 μg/L) and agitating the reaction mixture at 120 
rpm for equilibrium time at pH 7. Influence of aqueous phase redox condition on atenolol 
sorption was studied by adjusting the initial pH of the reaction mixture (atenolol, 5 μg/L; 
activate charcoal, 250 mg) from 2 to 10.5. The reaction mixture after adjusting pH was 
agitated at 120 rpm for 120 min. The required pH was adjusted using 0.1 N HCl and 0.1 N 
NaOH solutions. Influence of temperature on sorption was evaluated based on the batch 
sorption experiments carried out at predetermined temperature (19 to 40 °C; pH 7; atenolol, 
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O
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H
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5 μg/l; activate charcoal, 250 mg; equilibrium time, 120 min). Desorption studies were 
performed by suspending the atenolol loaded activated charcoal (up to equilibrium) in 0.1 N 
H2SO4, 0.1 N NaOH, 0.1 N methanol  and distilled water separately followed by agitation 
(120 rpm; contact time, 30 min) and analyzed for desorbed atenolol concentration. All the 
experiments were carried out at room temperature (28±20C) in a temperature controlled 
shaking incubator.  

 
2.4 Analysis 
Residual atenolol concentration present in the aqueous phase was estimated by employing 
colourimertic procedure based on the oxidation–bromination reaction of the drug by bromine, 
generated in situ by the action of acid on a brominated-bromide mixture [36]. Atenolol 
solution (4 mL) was mixed with 5 M HCl (2 mL) followed by 1 ml of bromate-bromide reagent 
(10 mg/mL with respect to KBrO3) and the contents were mixed well. The reaction mixture 
was set aside for 10 min with occasional shaking. Finally, 1 ml of 50 mg/mL methyl orange 
solution was added and the absorbance was measured at 520 nm against a reagent blank 
after 5 min. The concentration of the unknown was read from the calibration graph or 
calculated using the regression equation obtained by using the Beer law. Atenolol 
concentration was calculated based on the prepared calibration curve (R2 = 0.9612). Infrared 
spectral (IR) studies were performed on the virgin (non-adsorbed) and atenolol sorbed 
activated charcoal to elucidate the role of functional groups on sorption process. IR spectra 
were recorded on Thermo Nicolet Nexus 670 Spectrometer at ambient conditions using KBr 
as diluents. 

 
3. RESULTS AND DISCUSSION 
3.1. Batch sorption studies 
3.1.1. Effect of contact time 
Atenolol-activated charcoal sorption profile during 400 minutes of operation documented 
typical behavior (Fig. 1). Initially up to 30 min, the rate of atenolol sorption was relatively 
rapid which subsequently leveled off at 120 min (sorption was relatively negligible (less than 
1% change) after this phase). Rapid and instantaneous sorption of atenolol observed during 
initial phase might be attributed to a sort of chemical reaction between the sorbate molecule 
and the sorbent surface (chemisorptions type of sorption interaction). Active surface 
sites/specific functional groups present on the surface of the activated carbon might have 
participated in the sorption interaction during this phase of operation. After progressive 
sorption reaction, the rate of EE2 sorption decreased gradually and leveled off due to more 
and more occupation of the active sites and eventually reached saturation due to exhaustion 
of active sites for sorption reaction and this denotes the establishment of equilibrium. Large 
fraction of atenolol was adsorbed between 0 and 30 min of contact time. Stabilized in 
sorption was observed in between 30 and 120 m, hence an equilibrium time of 120 min was 
considered for subsequent experiments.  
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Fig. 1: (a, b) Effect of contact time on atenolol sorption; (c-f) Effect of initial atenolol 

concentration on sorption 
 

3.1.2. Effect of atenolol concentration 
Influence of initial aqueous phase concentration of atenolol on adsorption was evaluated by 
varying concentration (employing the same operational conditions (sorbent mass, 250 mg/L; 
contact time, 120 min; agitation, 120 rpm; pH, 7.0; temperature, 28±2°C). Initial 
concentration of atenolol showed significant influence on the adsorption process (Fig. 1). A 
marked improvement in sorption capacity of activated charcoal was observed with increase 
in E3 concentration from 1 to 5 µg/L and dropped thereafter. At 7 µg/L of atenolol 
concentration, sorption process started rapidly and leveled of up to 120 min. Subsequently 
after 120 minutes of contact time sorption rate showed significant raise. The differential 
sorption observed might be the manifestation of available atenolol in aqueous phase at the 
point of time might have influenced the sorption behavior. Irrespective of atenolol loading 
concentration, rapid and instantaneous sorption was observed in between 0 to 30 minutes of 
contact time. It can be presumed from the sorption data that the activated charcoal system 
showed higher sorption rates specifically in the range of 1–5 µg/L of atenolol concentration.  
 
3.1.3 IR-spectral analysis 
FT-IR spectra of virgin activated carbon showed spectral peaks at wave numbers of 3418 
cm−1 (O–H stretch and carboxylic bands), 2922 cm−1 (carboxylic/phenolic stretching bands), 
1585 cm−1 (quinine and OH bands) and 1041 cm−1 (=C–Nb). Significant changes in the FT-
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IR spectra after the atenolol sorption were observed indicating surface change on the 
activated carbon (Fig. 2). New peaks at wave numbers 2300 cm−1 and 1719 cm−1 (NC=N–, 
NC=C, C=O stretch) were noticed on activated carbon after atenolol sorption. Strong 
adsorptions were observed at 1487 cm−1 and 1418 cm−1. Two additional peaks were also 
observed on the plane deformation area in the region 777 cm−1 and 573 cm−1. The strong 
adsorption pertaining to O–H stretch carboxylic bands in the region 3412 cm−1, 
carboxylic/phenolic stretching bands in the region of 2924 cm−1 and the presence of new 
peaks at 2300 cm−1 and 1719 cm−1 indicates chemical type of sorption reaction. FT-IR 
results also confirm that hydrogen atoms in the carboxylic groups might have involved in the 
sorption interaction. 
 

 
Activated charcoal 

 
Atenolol sorbed activated charcoal 

Fig. 2: FT-IR spectra of (a) virgin and (b) Atenolol adsorbed activated charcoal 
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3.2. Sorption kinetics 
Linear forms of different kinetic models based on the aqueous phase concentration of 
adsorbate were used to evaluate the sorption mechanism. The sorption kinetic data obtained 
from the batch studies (sorbent mass, 250 mg; agitation, 120 rpm; pH 7.0; temperature, 
28±20C) was employed to study the linear forms of kinetic models viz., the intra-particle 
diffusion model37-40, the pseudo-first-order kinetic model and the pseudo-second-order 
kinetic model5,38-40.  
 
3.2.1 Kinetic models  
Sorption rate can be estimated based on the pseudo-first-order (Lagergren's equation) and 
pseudo-second order kinetic equations by assuming atenolol-activated charcoal sorption 
process as pseudo-chemical reaction5,41 as represented by Eqs. (4) and (5). 
 
dqt/dt = k1(qe − qt)                           (2) 
dqt/dt = k2(qe − qt)2                          (3) 
 
A plot of ln (qe-qt) against contact time‘t’ should be a straight line if the sorption follows the 
pseudo first-order (Eq. (2); Fig 3). If the sorption process obeys the pseudo-second-order 
chemisorptions kinetic rate equation (Eq. (3)), t/qt should change linearly with time‘t’. The 
best fit obtained by processing the kinetic data into pseudo first- and second-order kinetic 
equations, respectively are depicted in Fig. 3. Both the kinetic plots showed a reasonably 
good fit with sorption equilibrium data especially at higher concentrations. The rate constant 
for the sorption of atenolol from the aqueous phase by activated charcoal was obtained by 
the slope of the respective curves (K1=-0.022 g/μg/min (R2, 0.984 at 2.5 μg/L); K2= 0.976 
g/μg/min (R2, 0.976 at 7.0 μg/L)) (Table 2). 

 

 
Fig. 3: (a) Pseudo first-order; (b) Pseudo second-order and (c) Intra-particle diffusion model 

plot for various concentrations of atenolol-activate charcoal sorption system 
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3.2.2 Intra-particle diffusion model 
Intra-particle diffusion model is a single-resistance model derived from Fick’s second law 
which can be expressed mathematically by the Eq. 1.  
 

qt ≈ kpt0.5 … (1) 
 

Intra-particle diffusion was plotted between the amounts of atenolol adsorbed per unit mass 
(qt) versus the square root of contact time (t0.5) (Fig. 3). The intra-particle diffusion plot is 
observed to be of general type with a initial sharp portion and final linear portion. The initial 
portion might be attributed to the boundary layer diffusion effect; while the final linear 
portions might be due to the intra-particle diffusion. The initial sharp portion might be due to 
the boundary layer diffusion of the atenolol from aqueous phase to the external surface of 
the activated charcoal or the boundary layer diffusion of the atenolol molecule. The final 
portion represents the gradual sorption stage where, intra-particle diffusion is rate limiting. 
Straight line plot without passing through the origin was noticed with atenolol-activated 
charcoal system. This indicates some degree of boundary layer control which further shows 
that the intraparticle diffusion is not the only rate-controlling step, but also other processes 
may control the rate of adsorption5,38,39,41. The intraparticle diffusion plot of atenolol-activated 
charcoal sorption system indicates the complex nature involving both boundary layer and 
intra-particle diffusions with respect to initial atenolol concentration. Intra-particle diffusion 
model assumes that the diffusion (internal surface and pore diffusion) of adsorbate 
molecules inside the adsorbent is rate limiting and the film diffusion is considered 
negligible41, 42.  
Intra-particle diffusion rate constant (kp,) calculated through the slope of the linear portions 
of the plot indicates the characteristic of sorption rate where intra-particle diffusion was rate 
limiting (Table 2).  
 

Table 2: Summary of atenolol sorption data evaluated by different kinetic models 
Initial 

atenolol 
concentration 

(μg/l) 

First order rate constant Second order rate 
constant Intra particle rate constant 

K1 (g/μg/min) R2 K2 (g/μg/min) R2 KP 
(μg/g/min0.5) R2 

1 -0.004 0.215 0.305 0.086 -0.001 0.860 
2.5 -0.022 0.984 0.209 0.920 0.018 0.763 
5 -0.047 0.416 0.358 0.040 0.008 0.736 
7 -0.008 0.897 0.018 0.976 0.056 0.910 

 
3.3 Adsorption equilibrium  
Equilibrium isotherm models express relationship between the quantity of adsorbate 
adsorbed and the concentration in solution at equilibrium and are especially important in 
optimizing the use of sorbent. The parameters derived from these equations and the 
underlying thermodynamic assumptions of these equilibrium isotherm models provide insight 
into the sorption mechanism and the surface properties and affinity of the sorbent. Two and 
three parameter equilibrium sorption models were employed to estimate sorption capacities 
at various atenolol concentrations (Fig. 4). Sorption (isothermal) experiments were 
performed under variable atenolol concentrations (1.0–7.0 μg/L) keeping other conditions 
constant (sorbent mass, 250 mg; agitation, 120 rpm; pH 7.0; temperature, 28±20C).  
 
3.3.1 Two parameter models 
Langmuir and Freundlich isothermal models are the most commonly used two parameters 
models describing the non linear equilibrium adsorbent surface (q) and adsorbate 
concentration in solution (C) at a constant temperature. The Langmuir model can be 
represented as 
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                                (4) 

 
Where, qmL (µg/g) and bL are the Langmuir parameters that represent the maximum sorption 
capacity and the site energy factor, respectively. A non-linear regression of sorption data for 
the atenolol was applied and the resulting Langmuir parameters are sorption capacity 
(qmL,1.13 μg/l) and site energy factor (bL, 0.41), calculated from slope and intercept of the 
plot respectively. The Langmuir model showed reasonably good fit with the sorption data 
(R2, 0.847; SSE, 0.276) (Table 2). The essential characteristic of the Langmuir isotherm can 
be expressed in terms of a dimensionless constant, separation factor RL, which describes 
the type of isotherm. 
 

     (5) 

 
Where, bL is the Langmuir constant (site energy factor) and C0 is the initial concentration of 
the atenolol solution. The values of RL indicate the type of isotherm to be unfavorable 
(RL>1), linear (RL = 1) and favorable (0 <RL< 1) or irreversible (RL = 0). The values of RL 
were ranging between 0.25 and 0.64 representing that the sorption of atenolol onto activated 
charcoal is favorable. 
 
The Freundlich model is represented as 
 

                               (6) 
 
Where, C (µg/L) is the aqueous phase concentration, q (µg/g) is the solid phase 
concentration, and KF [(µg/g)/(µg/L)N] and N are the Freundlich sorption coefficient and the 
Freundlich exponent, respectively. The Freundlich model parameters (KF, 0.064 
(µg/g)/(µg/L)N; N, 1.408) were calculated. The Freundlich model showed best fit with the 
sorption data (R2, 0.973; SSE, 0.037) (Table 3).Considering these two parameter models, 
Freundlich model showed best fit as represented by R2/SSE (Freundlich, 0.973/0.037)  (Fig 
4) 
 
3.3.2 Three parameter models  
The three parameter models viz., Dual mode and Song were evaluated due to the feasibility 
of involving more number of parameters which may expect for better fit than the two 
parameter models.  Also the three parameter models obey the correct thermodynamics 
boundary condition of Henry’s law over infinity dilute concentration range [43]. The dual 
mode model (DMM) assumes that some of the solute dissolves in the partition medium and 
the rest absorbs in the sorption sites as shown below43,44. 
 

                                                (7) 

 
Where, Kp is the partition coefficient (L/g) and qmD and bD are the model parameters. The 
DMM was fitted to the single solute sorption data to estimate the three parameters using a 
non-linear regression technique. The DMM model didn’t show reasonably good fit with the 
sorption data (R2, 0.749; SSE, 1.262) (Table 3).The partition coefficient (Kp) of atenolol was 
0.17 l/g.  
Song model satisfies the Henry’s law and the Freundlich isotherm models44,45 in low and 
high concentration ranges, respectively (similar to DMM) and can be described as per Eq 
(8).  
 

                                          (8) 
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Where, K (L/g), B (L/µg) and n are model parameters. Sorption data showed reasonably 
good fit with the Song model (R2, 0.901; SSE, 0.254) (Table 3). The Freundlich index (n) can 
be estimated from the slope of asymptote in the high concentration region and the parameter 
(B) corresponding to the cross over point can be estimated from the intersection point of the 
two asymptotes. The Freundlich index (n) of atenolol was 1.408. Considering the three 
parameter models, the Song model appeared to be a better fit for estrogens because its 
R2/SSE is 0.901/0.254. 

 
Table 3: R2 and SSE values for atenolol sorption  

predictions from two and three parametric models 
Sorption model R2 SSE 

Langmuir 0.847 0.276 
Freundlich 0.973 0.033 

DMM 0.749 1.262 
SONG 0.901 0.254 

 

 
Fig. 4: Two (Langmuir and Freundlich) and three (DMM and Song) 

 dimensional isothermal plots of atenolol-activated charcoal sorption system 
 

3.4 Effect of pH 
The influence of pH on atenolol sorption (atenolol concentration, 5 μg/L; temperature, 
28±20C; agitation, 120 rpm; adsorbent mass, 250 mh/L; contact time, 120 min) was 
evaluated. Aqueous phase pH showed significant influence on atenolol sorption on to 
activated charcoal (Fig. 5). Neutral conditions depicted the highest atenolol sorption capacity 
(95.40%) of activated charcoal. The ionic form of sorbate in solution and the activity and 
function of electrical charge on the activated charcoal (functional groups) mostly depend on 
the solution redox condition. The sorption in both acidic and neutral conditions was relatively 
low compared to neutral redox conditions. Lower sorption observed at basic pH range might 
be attributed to the increase in hydroxyl ion leading to the formation of aqua-complexes 
thereby retarding the sorption phenomena37. β-Blockers are secondary amines with acidity 
constants (pKa) above 9 and therefore predominantly present as positively charged species 
at operating pH values of around 7–82,4,35. For all practical purposes and up-scaling of the 
process, aqueous phase pH 7.0 might be used for the atenolol-activated charcoal sorption 
system. Sorption to sewage sludge, which at those pH values usually carries a net negative 
charge2. 
 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES           ISSN: 22775005 
 

Vol. 2 (1) Jan-Mar 2013                             www.ijpcsonline.com                                       364 

 
Fig. 5: Influence of aqueous phase pH on atenolol sorption 

 

 
 
3.5  Effect of temperature  
The sorption of EE2 was evaluated at different aqueous phase temperatures by keeping all 
other experimental conditions constant (atenolol concentration, 5 μg/L; pH 7.0; agitation, 120 
rpm; sorbent, 250 mg/l; contact time; 120 min). Temperature plot showed a marked 
improvement in atenolol sorption onto activated charcoal with the increase in temperature up 
to 30 °C but sorption dropped gradually thereafter (Fig. 6). Thermodynamic parameters 
associated with the sorption process such as change in free energy (ΔGo), enthalpy (ΔHo) and 
entropy (ΔSo) were determined using Eqs. ((9)–(10))46. 
 

KC   = Ceq / CS                                        (9) 
ΔG0    = -RT InKC   =    ΔHo - T ΔSo      (10) 
InKC = ΔG0/RT = -ΔH0 /RT    +   ΔS0/R      (11) 

 
The Van't Hoff equation is used to evaluate the variation of equilibrium constant with the 
temperature. Entahalpy (ΔHo) and entropy (ΔSo) changes were determined as 29.45 kJ/mol 
and 0.0859 kJ/mol/K respectively, from plot of ln KL Vs 1/T (Fig 6). Positive value of ΔHo 
suggests the endothermic nature of sorption while the positive values of ΔSo indicates the 
increasing randomness of activated charcoal and aqueous phase interface during the sorption 
process (Table 4). Temperature can also influence desorption and consequently the 
reversibility of the sorption equilibrium47. 
 

Table 4: Thermodynamic parameters at different temperature  
of atenolol-activated charcoal sorption system 

Temperature 
(oK) ∆Go (K J/mol) ∆Ho (K J/mol) ∆So (K J/mol/K) 

292 -4.995 

29.456 0.0859 
299 -3.771 
303 -2.250 
308 -2.279 
313 -3.571 
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Fig. 6: Effect of operating temperature on atenolol sorption 

 
3.6. Desorption/Regeneration studies 
Desorption/regeneration experiments are useful to understand the sorption mechanism of 
particular system with respect to regeneration capacity of the sorbent for reuse. The amount 
of desorption also provides an insight into the nature of adsorbent-adsorbate bonding and 
also on the ion exchange property of the adsorbent. Desorption studies were performed by 
suspending the atenolol loaded activated charcoal (up to equilibrium) in 0.1 N H2SO4, 0.1 N 
NaOH, 0.1 N methanol  and distilled water separately followed by agitation (120 rpm; contact 
time, 30 min) and analyzed for desorbed atenolol concentration. Activated charcoal showed 
significant variation in atenolol desorption based on the solvent used (Fig 7). Marginal 
variation in desorption was observed among the solvents used in this study. Higher 
desorption of atenolol from activated charcoal was observed in distilled water (30.2%) 
followed alkaline (29.6%) and acid solutions (28.94%). Atenolol desorption in methanol 
(28.9%) was almost similar to acid solution. Desorption of atenolol observed in distilled water 
might be attributed to the physical type of interaction while desorption in inorganic solvents 
might be attributed to the chemical type of interaction. From the desorption data, it can be 
presumed that sorption interaction between atenolol and activated carbon is rather weak. 
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Fig. 7: Degeneration profile of atenolol-activated 

 charcoal sorption system 
 

 
4. CONCLUSIONS 
Experiments documented the efficacy of activated charcoal as adsorbent in removing 
atenolol from aqueous phase. Sorption kinetic studies performed on atenolol-activated 
carbon sorption system showed good fit with both pseudo first and second order rate 
models. Isothermal data showed good fit with linear Freundlich’s and dual mode model 
(DMM) corresponding to two and three parameter models respectively. Neutral redox 
conditions depicted highest atenolol sorption. Among the temperature parameters followed, 
operating temperature of 30 °C showed higher sorption capacity of atenolol onto activated 
charcoal. Atenolol showed good desorption from activated charcoal with distilled water. 
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