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Abstract
The aim of this study is to decrease ethinylestradiol contaminants using entrapped activated carbon in alginate biopolymer 
(AG-AC) by adsorption. Different ethinylestradiol concentrations were prepared in the laboratory. The effect of the operat-
ing parameter was studied by using different operating parameters (e.g., contact time, pH, concentrations, adsorbent dose 
and stirring rate). The results were analyzed according to the Freundlich, Langmuir, Temkin and Dubinin–Radushkevich 
adsorption isotherms. The adsorption data are more appropriate by the Freundlich isotherm. Removal efficiency percentages 
for ethinylestradiol at pH 3 using dose 10 g/L of the adsorbent for 30 min with a fixed stirring rate at 100 rpm were ~ 84%. 
The effect of different operating parameters was investigated using linear regression analysis, and they were found to account 
for more than 99% of the variables affecting the removal process.
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Introduction

Ethinylestradiol is well known for its harmful impact on 
both aquatic life and humans, and therefore, it is already 
listed as seniority materials in a motion for a modulation of 
European Directives in the field of water policy. In view of 
these concerns, there have been many researchers across the 
earth evaluating the fate and removal of these contaminants 
in wastewater treatment processes, as the classical treatment 
procedures are not efficient in removing the chemicals to lev-
els below their potentially no-effect concentrations (Ottosson 
et al. 1984, 1986; Lindberg et al. 1988, 1989; Ahrendt et al. 
2009). Because of economic and technical drawbacks, ethi-
nylestradiol recycling and removal technologies have not yet 
been widely adopted (Karapinar et al. 2004; Eskandarpour 
et al. 2006; Shi et al. 2011). Therefore, current research-
ers have been focused on modification methods that more 
adequately address contaminant removal from industrial 
wastewater (Karunya et al. 2015; Washington 2004; Murali 

et al. 2013). Activated carbon has a high adsorption capacity, 
but removing it from treated wastewater is not easy because 
of the dispersion of the powder (Kulkarni et  al. 2013; 
Angin 2014; Goher et al. 2015). To overcome this issue and 
increase the removal efficiency through entrapment, acti-
vated carbon with other materials, such as alginate biopoly-
mer (O’Connor et al. 2018) which helps in adsorption pro-
cess, allows polluted aqueous solution to pass through it and 
be in contact with activated carbon (Siripattanakul and Khan 
2010; Bezbaruah et al. 2014; Abdel-Gawad et al. 2016). It 
has become one of the best effective and economic waste-
water treatment processes; thus, this method has agitated 
great concern during the latest years (Worch 2012; Faust and 
Aly 2013; Rashed 2013). The aim of this study is to explore 
the possibility of examining the probability of entrapped 
activated carbon in alginate biopolymer for the removal of 
ethinylestradiol from aqueous solutions. In supplement, the 
Freundlich, Dubinin–Radushkevich, Langmuir and Temkin 
isotherms are used to fit the data.
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Experimental

Chemicals and reagents

All chemicals used were of the analytical reagent grade 
and of highest purity, such as activated carbon [dried], 
ethinylestradiol [C20H24O2, Zhejiang Xianju, dried], 
sodium alginate [(C6H7NaO6) n, Qingdao Bright Moon], 
sodium hydroxide [NaOH, Riedel-de Haën], hydrochloric 
acid [HCl, Scharlau], sulfuric acid [H2SO4, sever biotech], 
ethanol 96% [C2H5OH, World co. for sub and med indus-
tries] and calcium chloride [CaCL2, Fisher Scientific]. The 
change in pH was adjusted using 0.1 M NaOH and 0.1 M 
HCl solutions.

Instrumentation

Millipore (Elix) UV‑Milli‑Q advantage A 10 system  Doubled-
distilled water (DDW) from Millipore instrument was used 
throughout the study.

pH meter  Jenway 3520 pH/mV/Temperature Meter, USA, 
was used for pH measurements.

UV/Vis spectrophotometer  T70 + UV/Vis spectrom-
eter, PG instruments Ltd, was used for spectrophotom-
eter measurements of the ethinylestradiol concentrations 
according to standard methods for the examination of 
water and wastewater (Eaton et al. 2013). It was also used 
for measuring color absorbance of samples at different 
wavelengths through scan spectrum curves.

Drier  Most standard and reagent chemicals were dried 
before using.

Orbital shaker  Lab shaker SSL1 Lab was used for effect 
of stirring rate studies.

Methods

Preparation of adsorbent

Alginate beads were prepared by adding 1 g of activated 
carbon to 2% (wt/v) of sodium alginate solution, and the 
solution was stirred well. The mixture solution was added 
drop by drop to a 5% (wt/v) CaCl2 solution. The alginate 
beads formed were taken out and washed several times to 
be used in the adsorption method.

Batch adsorption studies

Alginate beads with entrapped activated carbon were 
added to an aqueous ethinylestradiol solution (5 mg/L). 
Using different operating parameter: Effect of (pH, contact 
time, dose, concentrations and stirring rate) on ethinyle-
stradiol solution, filter solution through glass fiber filter 
paper (WHATMAN 1441-125) and take specific amount 
of filtrate in volumetric flask, then ethinylestradiol concen-
tration evaluated according to 25nd Edition of Standard 
Methods for the Examination of Water and Wastewater 
(Eaton et al. 2013). The removal percentages were calcu-
lated using the following equation:

where Co is the initial concentration (mg/L) of ethinyle-
stradiol in solution and Ce is the equilibrium concentra-
tion (mg/L) of ethinylestradiol in solution. The amount of 
ethinylestradiol adsorbed by entrapped activated carbon 
in alginate biopolymer was calculated using the following 
equation:

where qe is the equilibrium adsorption capacity (mg/g), V is 
the volume of aqueous solution (L) and m is the dry weight 
of the adsorbent (g).

Adsorption study

Freundlich isotherm

The Freundlich isotherm (Freundlich 1906) is an empirical 
equation employed for describing heterogeneous adsorption 
surface and is given by:

where n (dimensionless) and Kf [(mg/g) (mg/L)−1/n] are 
Freundlich constants related to the adsorption intensity and 
adsorption capacity, respectively, and (Kf) and (n) are evalu-
ated by plotting ln qe and ln Ce.

Langmuir isotherm

Langmuir isotherm supposes monolayer coverage of adsorb-
ate over a homogeneous surface of adsorbent (Langmuir 
1918). The Langmuir linearized isotherm is given by the 
equation:

where qe (mg/g) is the mass of ethinylestradiol adsorbed 
per mass of adsorbent used, Ce (mg/L) is equilibrium con-
centration of ethinylestradiol, qmax (mg/g) is the maximum 

Sorption (%) =
(

Co − Ce∕Co

)

× 100

qe (mg/g) =
[(

Co − Ce

)

V
]

∕m

ln qe = 1∕n lnCe + lnKf

Ce∕qe = 1∕(KLqmax) + Ce∕qmax
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monolayer capacity of adsorption, and KL (L/mg) is the 
Langmuir constant related to binding sites affinity and 
adsorption energy. The plot of Ce/qe versus Ce is employed 
to generate the values of qmax and KL.

Temkin isotherm

The Temkin isotherm study has been chosen to esti-
mate the adsorption potential of the adsorbed and adsor-
bent solution. This model contains a factor, which takes 
into respect the interactions of the membrane (adsor-
bent–adsorbate) and the aqueous solution ions (Temkin 
and Pyzhev 1940). The Temkin isotherm has been gener-
ally applied in the following equations:

A linear expression of the Temkin equation is repre-
sented by:

where AT the equilibrium binding constant (L/g), bT the 
adsorption constant (J/mol K), R universal gas constant 
(8.314 J/mol K), T absolute temperature value (298 K), B a 
constant related to the heat of sorption (J/mol).

Dubinin–Radushkevich isotherm

Dubinin–Radushkevich isotherm is generally applied for 
expressing the mechanism of adsorption with a distribu-
tion of a Gaussian energy onto a heterogeneous surface 
(Dubinin and Radushkevich 1947). The model has often 
successfully fitted the intermediate range of concentrations 
data well and high solute activities

where Qe adsorbate amount in the adsorbent at equilib-
rium (mg/g); Qs capacity of theoretical isotherm saturation 
(mg/g); Kad Dubinin–Radushkevich isotherm constant (mol2/
kJ2) and ε Dubinin–Radushkevich isotherm constant. The 
approach was applied to distinguish the chemical and physi-
cal adsorptions of metal ions with its mean free energy; E per 
molecule of adsorbate can be computed by the relationship

where BDR is denoted as the isotherm constant.

Qe = (RT∕b) ln (ATCe)

Qe = (RT∕bT) lnAT + (RT∕b) lnCe

B = RT∕bT

Qe = B lnAT + (RT∕b) lnCe

Qe = (Qs) exp
(

−Kad�
2
)

lnQe = ln
(

Qs

)

_
(

Kad�
2
)

E =
�

1∕
�√

2BDR

��

Results and discussion

Effect of pH value

The influence of pH value on the amount of ethinylestra-
diol ions removed by entrapped activated carbon in algi-
nate biopolymer from the aqueous solution was estimated 
by carrying out experiments with different pH values (3, 
5, 7 and 9) at different contact times (30, 45 and 60 min), 
with removal efficiencies of (84, 65, 38 and 17%), (85, 
66, 39 and 18%) and (86, 76, 41 and 18%), respectively; 
and plots of the pH against the percentage of the ethinyle-
stradiol that was removed from the solution are shown 
in Fig. 1. The conditions used were: The ethinylestradiol 
concentration was 5 mg/L, the adsorbent dose was 10 g/L, 
and the stirring rate was fixed at 100 rpm. The optimum 
pH for the removal was 3. The pH of the aqueous solution 
plays a decisive role in affecting ethinylestradiol adsorp-
tion. In most systems, the absorption of anions such as 
ethinylestradiol decreases with the increase in pH and 
surface charge becomes more negative (Zhou et al. 2005; 
Eskandarpour et al. 2006). At the lower pH, adsorbents 
surface become protonated so the amount of ethinyle-
stradiol adsorbed increased due to electrostatic attraction 
between positively charged surface and the negatively 
charged ethinylestradiol molecules. On the one hand, 
increasing the pH above 5 a negatively charged surface 
site on the adsorbent did not favor the adsorption of ethi-
nylestradiol anions due to electrostatic repulsion (Zhou 
et al. 2005; Yao et al. 2011; Mohamed et al. 2015). Simi-
lar results were reported in the scientific literature for the 
adsorption of ethinylestradiol (Li et al. 2007; Feng et al. 
2010; Hartmann et al. 2014; Wang et al. 2014).
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Fig. 1   Effect of pH on ethinylestradiol removal
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Effect of contact time

The contact time is another important operational factor 
that affects removal efficiency. The effect on ethinylestradiol 
removal was studied at different times (15, 30, 45, 60, 120 
and 180 min) using 10 g/L of the adsorbent dose at pH 3, 
and the stirring rate was fixed at 100 rpm. Ethinylestradiol 
concentration was (5 mg/L), and the removal percentages 
were (81, 84, 85, 86, 88 and 88%), as shown in Fig. 2. From 
the data given in Fig. 2, it is shown that an increase in con-
tact time led to an increase in removal efficiency. Therefore, 
the ethinylestradiol uptake by entrapped activated carbon in 
alginate biopolymer was very rapid within the first 15 min. 
After 15 min, the uptake of ethinylestradiol progressively 
decreased with time. As the treatment time proceeded, the 
adsorbent sites had the inclination toward saturation. Equi-
librium was established at 30 min. Increase in time leads 
to increase in the contact between the ethinylestradiol ions 
and the larger surface area of the adsorbent as there are lots 
of free active sites for the adsorption (Amin 2008; Kulkarni 
et al. 2011; Rakholiya and Puranik 2012). Similar results 
were reported in the scientific literature for the adsorption of 
ethinylestradiol (Li et al. 2007, 2012; Hartmann et al. 2014; 
Wang et al. 2014; Mita et al. 2017).

Effect of adsorbent dose

Figure 3a depicts ethinylestradiol removal efficiency as a 
function of the adsorbent dose. The adsorbent doses were 
varied between 5 and 25 g/L. Other operational factors such 
as pH, contact time and stirring rate were 3, 30 min and 
100 rpm, respectively. Ethinylestradiol concentration was 
(5 mg/L), and the removal percentages were (80, 84, 87, 
89, 93%), as shown in Fig. 3a. The optimum adsorbent dose 
for ethinylestradiol removal was found to be about 10 g/L, 
as shown in Fig. 3b. As expected, at high adsorbent dose 
the removal increased because of the increased adsorbent 
surface area; and the number of available adsorption sites 

increased (Devi and Dahiya 2008; Samiksha and Mane 
2015; Garg et al. 2015). Similar results were reported in 
the scientific literature for the adsorption of ethinylestradiol 
(Ifelebuegu 2012; Wang et al. 2014; Li et al. 2017).

Effect of stirring rate

Figure 4 depicts ethinylestradiol removal efficiency by 
entrapped activated carbon in alginate biopolymer as a func-
tion of stirring rate. The stirring rate was varied between 
100 and 500 rpm. The other operational factors such as pH, 
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Fig. 2   Effect of contact time on ethinylestradiol removal
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Fig. 4   Effect of stirring rate on ethinylestradiol removal
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contact time and adsorbent dose were 3, 30 min and 10 g/L, 
respectively. Ethinylestradiol concentration was (5 mg/L), 
and the removal percentages were (84, 84, 84, 85 and 85%), 
as shown in Fig. 4. The optimum stirring rate for ethinyle-
stradiol removal was found to be 100 rpm. The increase in 
stirring rate from 200 to 500 rpm did not have a signifi-
cant effect in the removal efficiency compared to 100 rpm. 
Increase in stirring rate enhanced the ethinylestradiol diffu-
sion to the surface of the adsorbent (Devi and Dahiya 2008; 
Bernard et al. 2013).

Effect of the concentration

The effect of concentration of the aqueous solution on the 
percent ethinylestradiol reduction by entrapped activated 
carbon in alginate biopolymer was studied at various con-
centrations (1, 2, 3, 4 and 5 mg/L) at pH 3, contact time 
30 min, stirring rate 100 rpm; adsorbent dose was 10 g/L, 
and the removal percentages were (96, 93, 91, 88 and 84%), 
as shown in Fig. 5. At the beginning of adsorption process, 
the removal efficiency was higher because of the great 
number of available adsorption active sites of adsorbate 
molecules, but it decreased with time gradually due to the 
saturation and diminishing of these sites, which also caused 
a reduction in removal ratio (Zhou et al. 2005; Devi and 
Dahiya 2008).

Adsorption isotherm studies for ethinylestradiol removal

The sorption capacity of the adsorbent was predicted and 
evaluated by an adsorption isotherm study. The adsorption 
equilibrium data obtained at different initial ethinylestradiol 
concentrations were described using four different isotherm 
models, such as the Freundlich, Langmuir, Dubinin–Radu-
shkevich (D–R) and Temkin equations which are the 
most commonly used isotherm applications for wastewa-
ter treatment, under predefined conditions of pH, initial 

concentrations, adsorbent dose, contact time and stirring rate 
(Ho and Chiang 2001; Foo and Hameed 2010; Adeogun and 
Balakrishnan 2015; Fola et al. 2016; Idowu et al. 2016). The 
acceptability and suitability of the isotherm equation to the 
equilibrium data were based on the values of the correlation 
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Fig. 5   Effect of concentration on ethinylestradiol removal
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coefficients, R2 estimated from linear regression of the least 
square fit statistic on Micro Math Scientist software. Fig-
ure 6a–d represents the adsorption isotherms for the four 
models. The adsorption data were fitted well with the Freun-
dlich and Langmuir isotherm models with the highest R2 in 
their categories, as shown in Table 1. The n value > 1 from 
Freundlich and maximum adsorption capacity of 0.53 mg/g 
from Langmuir with KL < 1 obtained are indications that the 
adsorption is favorable on the investigated adsorbent; simi-
lar observation is reported in the literature (Veli and Alyüz 
2007; Fola et al. 2016; Idowu et al. 2016).

Statistical analysis

The effect of the following variables on the removal pro-
cess, e.g., pH, contact time, dose, concentration, and stirring 
rate, has been studied using the entered method, where it 
was found that R2 = 0.995, as shown in Tables 2 and 3. This 
means that the studied variables profanely occupy more than 

99% of the total of the variables affecting the removal pro-
cess as the standard error of the estimate is 1.27659, which 
means that the percentage of error in this study is very low. 

ANOVA program was applied, and the data are given in 
Table 4. This table showed the sum of squares and the effect 
of the whole model, where the model is considered success-
ful if P value is less than 0.05.

Table 5 (coefficients)

The data given in Table 5 show the sum of squares, P value 
and T value for each variable. From the table, it can be 
inferred that all variables had an effect on the removal pro-
cess except (stirring rate).

The effect of different operating parameters was inves-
tigated using linear regression analysis using statistical 
algorisms, where the obtained results support the practical 
results. By applying the B values shown in the table, the 
removal equation can be deduced:

where X1 is the effect of pH (3, 5, 7 and 9), X2 is the effect 
of contact time (15, 30, 60, 120 and 180 min), X3 is the 
effect of adsorbent dose (5, 10, 15, 20 and 25 g/L), X4 is 
the effect of stirring rate (100, 200, 300, 400 and 500 rpm) 
and X5 is the effect of concentration (1, 2, 3, 4 and 5 mg/L).

Conclusions

In this study, the aqueous ethinylestradiol concentration 
can be eliminated by entrapped activated carbon in alginate 
biopolymer, which is capable of ethinylestradiol removal 
from aqueous solution. Various operating parameters of ethi-
nylestradiol removal efficiency were investigated and opti-
mized. Removal was affected by the experimental parameters 
such as contact time, dose, pH, stirring rate, concentration. 
Maximum ethinylestradiol removal was observed at the pH 
value of 3. Ethinylestradiol removal efficiency between 96 
and 84% was achieved after using different ethinylestradiol 

R% = 125.294 + (− 10.994)X1 + (0.037)X2 + (0.584)X3

+ (0.002)X4 + (− 3.087)X5

Table 1   Isotherm parameters for the adsorption of ethinylestradiol

Isotherm name Parameters Values

Freundlich KF [mg/g (mg/L)−1/n] 2.01
n 1.989
R2 0.994

Langmuir Qmax (mg/g) 0.53
KL (L/mg) 0.816
R2 0.988

Temkin AT (L/g) 1.54082363
bT (J/mol g/mg) 277.49339
B 8.9284
R2 0.988

Dubinin–Radushkevich Qs (mg/g) 1.46146
Kad 4.8E−09
R2 0.735

Table 2   Variables entered/removed

Dependent variable: removal
a All requested variables entered

Model Variables entered Variables removed Method

1 Concentration, dose, time, pH, 
stirringa

Enter

Table 3   Model summary

a Predictors: (constant), concentration, dose, time, pH, stirring

Model R R2 Adjusted R2 SE of the estimate

1 0.998a 0.995 0.994 1.27659

Table 4   ANOVA

Dependent variable: removal
a Predictors: (constant), concentration, dose, time, pH, stirring

Model Sum of squares df Mean square F Sig.

Regression 6745.596 5 1349.119 827.848 0.000a

Residual 30.964 19 1.630
Total 6776.560 24
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concentrations (1, 2, 3, 4 and 5 mg/L) with 10 g/L of encap-
sulated activated carbon in alginate biopolymer, stirring 
rate 100 rpm and contact time 30 min. When the entrapped 
activated carbon in alginate biopolymer dose was increased 
from 5 to 25 mg/L, the removal of ethinylestradiol increased 
by 13% (Co = 5 mg/L). The adsorption data were fitted well 
with the Freundlich isotherm model with the highest value 
(R2 = 0.99). The entrapped activated carbon in alginate 
biopolymer can be a cost-effective alternative and can lead 
to success in wastewater treatment and produce high-quality 
treated effluent.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
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