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a b s t r a c t
Diclofenac (DCF) and ibuprofen (IBP) adsorption onto acids (HCl, H2SO4 and H3PO4) pre-treated onion 
skin (OS) was studied as a function of pH, adsorbent dosage, drugs initial concentrations and contact 
time. The H2SO4-OS (adsorbent) showed higher drugs adsorption efficiency followed by H3PO4-OS 
and HCl-OS and NAT-OS (native). The drugs loaded and un-loaded OS were characterized by energy 
dispersive X-ray and scanning electron microscope techniques, which revealed a considerable change 
in OS composition and changed surface morphology. Pseudo-second-order kinetic model fitted well 
to both the drugs adsorption data. Freundlich isotherm explained well the drugs adsorption onto OS 
adsorbents. The optimum conditions of pH, adsorbent dosage and contact time were 6.5, 0.05 mg/g 
and 220 min, respectively. At optimum condition, the DCF and IBP adsorptions were 134.003 and 
91.99 mg/g, respectively, which were 81.90% and 65.99% removal of the initial concentrations. Results 
revealed that OS pre-treated with mineral acids is a potential adsorbent and could possibly be used for 
the remediation of drugs wastewater.
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1. Introduction

Recently, pharmaceutical agents have gained attention 
due to their toxic nature. The drugs have prime importance 
for the therapeutic treatment of diseases, but on entrance into 
the environment these may harm the non-targeted species [1]. 
Since pharmaceutical agents are harmful at very low concen-
tration [2] and long-term exposure can affect living organisms 
adversely [3]. Un-controlled discharge of pharmaceutical 
agents may reach even ground water and pollute the drinking 

water sources [4]. Non-steroidal anti-inflammatory drugs 
(NSAIDs) are one of the most consumed classes of pharma-
ceuticals with several tons annual production [5]. Diclofenac 
(2-[(2,6-dichlorophenyl)amino] benzene acetic acid) (chemi-
cal formula C14H10Cl2NO2, MW 296.16 g/mol) is extensively 
consumed and it is a persisting contaminate and has been 
reported in drinking water [6] up to 15 μg/L [7]. DCF expo-
sure may cause detrimental effects, such as hemodynamic 
changes or thyroid tumors [8]. DCF is responsible for the 
decline of vulture (Gyps bengalensis) species in Pakistan, India, 
Bangladesh and southern Nepal. This decline was started in 
1990 in India and more than 95% of Gyps bengalensis species 
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declined due to DCF [9]. Ibuprofen [2-(4-(2-methyl propyl) 
phenyl]-propionic acid (molecular formula C13H18O2, MW 
206.3 g/mol) is also NSAID, which is also detected in waste-
water at elevated concentration [10]. So far, there is need to 
remove the drugs from wastewater and different techniques 
have been used for the remediation of pollutants [11–15], that 
is, coagulation and sedimentation [16], biodegradation [17], 
phototransformation [18], ozonation [19] and sonolysis and 
ultrasonication [20]. The non-destructive treatment methods 
transform drugs into by-products, which might also be toxic 
[21,22]. Adsorption process is considered a better for water 
treatment due to several advantages and under the current 
scenario of environmental pollution [23–53], there is a need 
to explore the cost-effective adsorbents from natural resource 
[54–58].

In Pakistan, onion is commercially grown on an area 
of 131.4 thousand hectares with annual production of 
1.8 million tons. The onion growing areas include Kasur 
and Vehari (Punjab), Mirpurkhas, Hyderabad, Noushahro 
Feroze, Nawabshah, Badin, Sanghar, Dadu, Ghotki and 
Shikarpur (Sindh), Swat and Dir (KPK) and Kharan, Chaghi, 
Mastung, Kalat, Nasirabad, Killa Khuzdar, Turbat, Saifullah 
and Jaffarabad (Balochistan) [59]. The total world production 
of onion is ~86.34 million tons and Pakistan is on 8th posi-
tion with 2.25% including China (28.68%), India (18.45%), 
USA (3.89%), Iran (2.90%), Egypt (2.66), Turkey (2.48%) and 
Russia (2.46%) of total world onion production. The onions 
are used in pickling, chutney and sauces preparation [59,60] 
and as a result of onion processing, a huge amount of OS is 
produced (Fig. 1). So far, the OS waste could possibly be used 
as adsorbent. Previously, cold plasma-treated and formalde-
hyde-treated onion skins (OSs) were used as an adsorbent for 
the adsorption of methylene blue dye and authors revealed 
that adsorption capacities of methylene blue onto onion were 
90.94% and 95.54% onto cold plasma-treated and formalde-
hyde-treated OSs [61].

Therefore, in present investigation OS waste was inves-
tigated as an adsorbent for the adsorption of DCF and ibu-
profen (IBP) drugs. The OS was modified by treating with 
mineral acids and employed for the adsorption of DCF and 
IBP drugs. The loaded and un-loaded OS adsorbents were 

characterized by scanning electron microscope (SEM) and 
energy dispersive X-ray (EDX) techniques.

2. Material and methods

2.1. Reagents and chemicals

Diclofenac (DCF) sodium (MW 318.1 g/mol, chemical 
formula = C14H10Cl2NNaO2, pKa = 4.2, logKow = 0.57) and 
IBP (MW 206.3 g/mol, chemical formula = C13H18O2) were 
purchased from SAMI pharmaceutical company (Pakistan). 
NaOH (97%), HCl (36%), H2SO4 (96%), H3PO4 (85%), eth-
anol (95%) and methanol (99.85%) were purchased from 
Sigma-Aldrich (Germany). For the preparation of solutions, 
ultra-pure water (Millipore system) was used.

2.2. Biomass collection and preparation

The OS waste was collected from hostel canteens, 
University of Agriculture, Faisalabad. Collected biomass 
was washed with water, dried in open air and ground in a 
grinder to fine powder and passed through seiver (OCT-
DIGITAL-4527-01). The particle of 0.25 mm size was collected 
and subjected to mineral acid pre-treatments (1 M HCl, H2SO4 
and H3PO4 solutions) separately. After acidic pre-treatment, 
the masses were washed with distilled water (four to five 
times). Then, the biomass was dried in oven at 50°C overnight, 
ground and fine powder was stored in airtight glass bottle 
and used for the adsorption of DCF and IBP drugs (Fig. 2).

2.3. Adsorption procedure

The adoption experiments were conducted in 250 mL 
Erlenmeyer flask with constant shaking (120 rpm, PA 
250/25.H shaker) at room temperature. The drugs initial con-
centration, contact time, adsorbent dose and pH were stud-
ied in the range of 10–200 mg/L; 10–1,400 min; 0.05–0.30 g 
and 2.5–8.5, respectively. HCl/NaOH (0.1 M) solution was 
used for pH adjustment. To perform the adsorption of DCF 
and IBP onto OS adsorbents, a 100 mL solution of each drug 
was mixed with adsorbent in conical flasks and covered with 
aluminum foil. The flasks were placed on a rotating shaker at 
120 rpm at room temperature. After stipulated time period, 
the flasks were removed and adsorbent was separated from 
solution by centrifugation, and DCF and IBP residual con-
centration was estimated spectrophotometrically at 276 and 
224 nm, respectively. The adsorption capacities and percent-
age removal of drugs were estimated using relations shown 
in Eqs. (1) and (2), respectively [62]:

Fig. 1. Onion (A) in field, (B) raw onion and (C) onion skin waste 
produced during onion processing. Fig. 2. Structures of (A) diclofenac and (B) ibuprofen.
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where qe is adsorption capacity, R (%) is percentage recovery, 
Ci and Cf are the initial concentration and concentration at 
time t of drugs, V is the volume of solution (mL) and m is the 
adsorbent dose (g).

2.4. SEM and EDX analysis

The loaded and un-loaded OS adsorbents were analyzed 
by SEM (JEOL, JSM-6400, Japan) and EDX techniques for 
surface morphology monitoring and elemental analysis, 
respectively [63].

2.5. Statistical analysis

All the adsorption experiments were performed in trip-
licate and data thus obtained was averaged and reported 
as mean ± SD (the SD values for all adsorption experiments 
were in the range of 2%–4%). The regression coefficient (R2) 
values of isotherms and kinetic models were determined 
using statistical functions of Microsoft Excel, 2007 (version 
Office XP, Microsoft Corporation, USA).

3. Results and discussion

3.1. Effect of pH

pH of the medium affects the activity of the adsorbent 
surface and ions in the medium by affecting the functional 
groups on adsorbent surface and solution chemistry [27]. The 
effect of pH for the adsorption of DCF and IBP onto OS was 
studied in the pH range of 2.5–8.5 and responses are shown 
in Figs. 3(A) and (B). Initially, the adsorption of both drugs 
increased by increasing pH up to 6.5 and then, decreased at 
higher pH. The pH of the zero charge point (pHpzc) of OS is 
6.61–6.64 [54], so the low adsorption of drugs at low pH was 
due to the extremely low solubility. The surface of OS car-
ries net positive charge below pHpzc and beyond the pHpzc, 
the surface carries a net negative charge. The acid dissoci-
ation constants (pKa) of DCF and IBP are 4.21 and 4.4 [64]. 
This implies that drugs molecule carries negative charge for 
pH < pKa and exists in protonated form and so on. Therefore, 
under this condition, both adsorbent surface and adsorbate 
carry positive charge and repulsion hindered the adsorption 
of both DCF and IBP (Eqs. (3)–(5)). Under basic pH, the dis-
sociation of the functional groups on the adsorbent surface 
and drugs also exists in protonated form (Eqs. (6)–(8)), which 
results in repulsion between drug ions and adsorbent sur-
face. The optimal pH for both drugs was 6.5–7.0. Previously, 
acidic drugs also showed similar adsorption behavior as a 
function of pH [65–67], that is, the adsorption of a complex 
mixture of 12 selected pharmaceuticals onto trimethylsi-
lylated mesoporous SBA-15 was investigated. Solution pH 

significantly affected the adsorption of agents onto SBA-15 
[66]. In another study, bagasse adsorption efficiency for DCF 
has been reported and adsorption was significantly higher 
under slight acidic condition [66]. Similarly, the adsorptions 
behavior of IBP, ketoprofen, naproxen and DCF onto acti-
vated carbon adsorbent was also in line with present inves-
tigation [67]. Waste-derived activated carbon also showed 
similar behavior for the adsorption of IBP as a function of pH 
and at pH 6.5, the drug was in anionic form and adsorbent 
surface was in protonated form due to acid pre-treatments 
and resultantly, the adsorption was enhanced due to electro-
static attraction between adsorbent and adsorbate. 
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Fig. 3. Effect of pH on the adsorption of (A) diclofenac 
(B) ibuprofen on onion skin activated with acids (adsorbent 
dose = 0.05 g, pH = 2.5–8.5, contact time = 4 h, initial concentration 
of drugs = 20 mg/L).



277G. Abbas et al. / Desalination and Water Treatment 95 (2017) 274–285

R–OH(s) + H3O+
(aq) ↔ R–OH2

+
(s)

 + H2O(l) (4)

R–NH2(s) + H3O+
(aq) ↔ R–NH3

+
(s) + H2O(l) (5)

R–COOH(s) + OH–
(aq) ↔ R–COO–

(s) + H2O(l) (6)

R–OH(s) + OH–
(aq) ↔ R–O–

(s)
 + H2O(l) (7)

R–NH2(s) + H3O+
(aq) ↔ R–NH–

(s) + H2O(l) (8)

3.2. Effect of adsorbent dose

The adsorbents doses effect was studied in the range of 
0.05 to 0.30 mg/100 mL of solution and results are shown 
in Figs. 4(A) and (B). Both drugs showed higher adsorption 
at lower adsorbents doses. The adsorptions of DCF were 
recorded to be 10, 12, 14 and 12.5 (mg/g) for Nat-OS, HCl-OS, 
H2SO4-OS and H3PO4-OS, respectively, at 0.05 mg dose and 
these values reduced to 4, 5, 7 and 6 (mg/g) at 0.30 mg adsor-
bent dose. In case of IBP, the adsorption capacities were 9, 
10, 11 and 10.5 (mg/g) for Nat-OS, HCl-OS, H2SO4-OS and 
H3PO4-OS, respectively, at 0.05 mg adsorbent, whereas these 
values reduced to 4, 5.5, 7 and 6 mg, respectively, when 0.30 
adsorbent dose was used of Nat-OS, HCl-OS, H2SO4-OS and 
H3PO4-OS, respectively. Maximum adsorptions of drugs 
were achieved using 0.05 g adsorbent doses of Nat-OS, 
HCl-OS, H2SO4-OS and H3PO4-OS. The lower adsorption at 
higher adsorbent doses might be due to low surface area 
and availability of binding sites [26,27,68,69]. At higher 
adsorbent dose, constant drug concentration and solution 
volume might cause aggregation of adsorbent particles and 
resultantly, surface area was decreased [23,25,70–72]. The 
electrostatic interactions and overlapping or aggregation of 
adsorbent may block the active binding sites [73,74]. Similar 
adsorption behavior has also been reported previously for 
the adsorption of different adsorbates at different adsorbent 
doses [23–27,69,75–78].

3.3. Effect of initial drugs concentration

The sorption characteristics indicate that the surface satu-
ration is dependent on the initial concentrations of the adsor-
bate. The effect of initial drugs concentrations were studied 
in the range of 10, 20, 30, 50, 100 and 200 mg/L and results 
thus obtained are shown in Figs. 5(A) and (B). The amounts 
of DCF and IBP adsorbed per unit mass of adsorbents 
increased with concentration, but the percentage removal 
decreased at higher concentration. In case of H2SO4-OS, the 
DCF percentage removal was 81.90% for initial concentration 
of 10 mg/L and this percentage decreased as the initial drug 
concentration increased to 100 mg/L at constant adsorbent 
dose. However, the adsorption capacity (q) increased from 
8.88 to 87.17 (mg/g) when initial concentration increased 
from 10 to 100 mg/L of drug. Overall, the adsorption capac-
ities of OS adsorbents were recorded in the following order: 
H2SO4-OS > H3PO4-OS > HCl-OS > Nat-OS. At lower drug 
concentration, the binding sites were available and then, 
by increasing the initial concentration, the competition 
between adsorbate and binding sites increased and resul-
tantly, adsorption capacity decreased [25–27,69]. The initial 

rate for the adsorption of drugs onto OS was higher, which 
was possibly due to the driving force (electrostatic forces) 
between adsorbate and binding sites [79]. Previous studies 
also revealed that at adsorbate concentration has significant 
effect on adsorption due to saturation of binding sites at 
higher initial concentration of adsorbate [23,24,62,72,75].

3.4. Effect of contact time

The effect of contact time for the adsorption of DCF and 
IBP was studied up to 1,400 min and results are shown in 
Figs. 6(A) and (B). Initially, the drug adsorption increased 
rapidly, slowed down and then became stable. The equilib-
rium was reached within 4 h for both drugs. The adsorption 
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Fig. 4. Effect of adsorbent dose on the adsorption of (a) diclofenac 
(b) ibuprofen on onion skin activated with acids (adsorbent 
dose = 0.05–0.30 g, pH = 6.5, contact time = 4 h, initial concentration 
of drugs = 20 mg/L).
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of drugs onto OS adsorbents took place in two phases. Initial 
fast phase (up to 30 min) followed by the slower second phase, 
which continued until the equilibrium was reached within 
4 h and beyond this time the adsorption did not change. The 
initial rapid sorption was due to extracellular binding sites 
and on saturation of these sites, the adsorption process was 
slowed down due to intraparticle diffusion [25,27,62,69]. 
H2SO4-OS showed adsorption capacity of 72.3 mg/g (DCF) and 
48.26 mg/g (IBP) followed by H3PO4-OS, HCl-OS and Nat-OS 
at equilibrium. The slow adsorption at later stages was due 
to intraparticle diffusion process dominating over adsorption 
[24,62,64,72,77,78]. The slow adsorption rate at latter stage can 
also be correlated with the difficulty faced by ions to occupy 
the remaining vacant binding sites [76]. Similar finding has 
also been reported previously for different adsorbents that 

initially adsorption was very fast, slowed down and finally 
ceased, that is, pistachio hull [80], Rosa damascena [81], Chlorella 
species [82], Ocimum americanum seeds [83], Aspergillus niger 
NUA101 [84], banana peel [85], Citrus cinensis [86], walnut 
hull [87], Phanerochaete crysosporium [88] and Mangifera indica 
[24] and biocomposite [24–26,89] showed similar adsorption 
as a function of contact time.

3.5. Effect of mineral acid pre-treatments

The OS biomass was pre-treated with different acids (HCl, 
H2SO4 and H3PO4) and adsorption capacities were compared 
with Nat-OS in order to evaluate the effects of pre-treatments 
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Fig. 5. Effect of initial drugs concentration on adsorption of 
(a) diclofenac (b) ibuprofen on onion skin activated with acids 
(adsorbent dose = 0.05 g, pH = 6.5, contact time = 4 h, initial 
concentration of drugs = 10–200 mg/L).
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Fig. 6. Effect of contact time on the absorption of (a) diclofenac 
(b) ibuprofen on onion skin activated with acids (adsorbent 
dose = 0.5 g, pH = 6.5, contact time = 10–1,400 min, initial 
concentration of drug = 20 mg/L).
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with acids. Results revealed that the drugs adsorption 
increased significantly in response to acid pre-treatments 
(Fig. 7). The enhanced drugs adsorption might be due to 
modification of OS surface and exposure of binding sites. 
Moreover, elimination of impurities from adsorbent surface 
has also been reported due to acid pre-treatment [63,90]. The 
target compound is bonded with chemical moieties such as 
carboxyl (–COOH), amino (–NH2), or phenol (–OH), so far, 
the chemical treatments may enhance the surface activity of 
adsorbent. By acid treatment, the metal ions and impurities 
are dissolved and active sites are appeared on the surface, 
which increased the adsorption capacity [91,92]. Among 
acids, H2SO4 showed maximum adsorption capacities of both 
drugs followed by H3PO4 and HCl. The acids have ability to 
dissolve the minerals and resultantly more ions can be trans-
ferred to the adsorbent surface. The functional groups are pro-
tonated by an acid treatment, adsorbent surface is modified 
and resultantly, adsorption capacity might affect. Cellulosic 
biomass have functional groups such as –COOH, –OH and 
–NH2, and on mineral acid pre-treatments, a positive charge 
is enhanced, which can attract the anionic species in the 
solution more efficiently [24,26,27,92]. The DCF adsorptions 
of 56.45%, 50.21% and 43.53% were recorded for H2SO4, 
H3PO4 and HCl, respectively, and in case of IBP, the adsorp-
tion capacities were 52.8%, 45.52% and 30.64%, respectively. 
Previous studies also revealed that the adsorption capacity 
of adsorbent may increase as a result of surface modification 
by chemical treatment [92,93]. It is reported that the acidic 
pre-treatment of adsorbent changes the physico-chemical 
properties, that is, surface area change, modification of sur-
face and pore volume. Moreover, pre-treatment also affects 
ions exchange capacity due to change in the surface chem-
istry of the adsorbent [94]. So far, the changes as a result of 
pre-treatments may change the adsorption characteristics 
and resultantly, the adsorption capacities were different for 
different acidic treatments of OS biomass.

3.6. Equilibrium modeling

Freundlich and Langmuir adsorption isotherms were 
applied to describe the equilibrium relationships between 
sorbent and sorbate in solution. The Langmuir model 
assumes monolayer adsorption onto a surface containing a 
finite number of adsorption sites of uniform energies. The 
Langmuir isotherm predicts linear adsorption at low adsorp-
tion densities and maximum surface coverage [95]. The linear 
mathematical form of Langmuir is shown in Eq. (9):

1 1 1

0 0q Q bQ Ce e

= +  (9)

where qe (mg/g), Ce (mg/L), Q0 (mg/g) and b (L/mg) repre-
sent the amount of dye adsorbed at equilibrium/unit mass 
of adsorbent, equilibrium dye concentration, maximum dye 
adsorbed per unit mass of adsorbent to form a monolayer at 
higher Ce values, respectively, and b is related to the energy 
of the adsorption.

The Freundlich isotherm exponential form is shown in 
Eq. (10) [96,97]:

q K Ce F e
n= 1/  (10)

where KF (mg/g) and n are the constants, and KF rep-
resents the adsorption capacity/unit mass of adsorbent. 
The 1/n value reveals the favorability of adsorption and 
1/n value > 1 indicates the favorable adsorption of adsorbate 
onto the adsorbent [62,76].

The Freundlich and Langmuir constants with R2 val-
ues are shown in Table 1. The R2 values were 0.1551, 0.4403, 
0.6017 and 0.6586 (for DCF) and 0.0029, 0.5145, 0.9040 and 
0.0291 (IBP) for Nat-OS, HCl-OS, H2SO4-OS and H3PO4-OS 
adsorbents, respectively. The HCl-OS, H2SO4-OS and 
H3PO4-OS adsorption capacities determined experimentally 
were in agreement with Freundlich isotherm, which is an 
indication that DCF and IBP followed Freundlich isotherm 
for adsorption onto OS adsorbents. The Freundlich isotherm 
explains adsorption onto heterogeneous surface. Stronger 
binding sites are occupied first and binding strength 
decreased with increasing the degree of site occupation. The 
Freundlich isotherm assumes that a monolayer sorption 
with a heterogeneous energetic distribution of active sites 
accompanied by interaction between adsorbed molecules. 
The value of 1/n > 1 indicates that absorption took place at 
high concentration. Kf is a measure of the degree or strength 
of adsorption, while 1/n is used as an indication whether 
adsorption remains constant or decreased with increasing 
adsorbate concentration [96,97].

3.7. Kinetic modeling

The pseudo-first-order and pseudo-second-order kinetic 
models were fitted to the experimental data [98,99]. The 
mathematical forms of pseudo-second-order kinetic model 
are shown in Eqs. (11) and (12), whereas pseudo-second- 
order kinetic model relations are shown in Eqs. (13) and (14), 
respectively:
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Fig. 7. Effect of acids pre-treatments on adsorption of 
(a) diclofenac (b) ibuprofen on onion skin activated with acids 
(adsorbent dose = 0.05 g, pH = 6.5, contact time = 4 h, initial 
concentration of drugs = 20 mg/L).
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dq
dt

k q qe t= −( )1  (11)

log log
.

q q q
k

te t e−( ) = − 1

2 303  (12)

where k1 (min−1), qe (mg/g) and q (mg/g) are the rate constant, 
dye adsorbed at equilibrium, dye adsorbed at time t, respec-
tively, and t is time. The k1 was determined from the slope of 
plot log(qe−q) vs. t.

dq
dt

k q qe t= −2
2( )  (13)

t
q k q

t
qt e e

= +
1

2
2  (14)

where k2 (g−1min−1) and qe (mg/g) are the constant and adsorp-
tion capacity at equilibrium, which were determined from 
the slope and intercept of plot t/qt vs. time. The kinetics 
data is presented in Table 2. The pseudo-first-order kinetic 
model seems inadequate to predict the experimental adsorp-
tion capacity of drugs onto OS. The calculated R2 values in 

case of pseudo-first-order were relatively low as compared 
with pseudo-second-order kinetic model. Moreover, the qe 
experimental values were in agreement with calculated qe 
values, which imply that pseudo-second-order kinetic model 
fitted well to the drugs adsorption onto OS adsorbents, 
which implies that the drugs adsorption followed the 
pseudo-second-order kinetic model and the adsorption rate 
coefficient is a function of contact time [98–102].

3.8. SEM and EDX studies

SEM is used to study the morphological and surface 
characteristics of the adsorbents. The surface morpholo-
gies of loaded and un-loaded Nat-OS and pre-treated were 
monitored by SEM. Fig. 8 represents the SEM images of 
Nat-OS (un-loaded), mineral acids pre-treated (un-loaded) 
and drugs loaded adsorbents. The SEM images show that 
the surface morphologies of Nat-OS, acids pre-treated 
un-loaded and drugs loaded OS were changed significantly. 
The fibrous texture was not prominent and the crystalline 
texture was clear of the OS adsorbents [103]. As a result of 
acids pre-treatments, the surface roughness was changed 
and fibrous texture was exposed. The effect on surface mor-
phology was more prominent in case of H2SO4 and H3PO4 
as compared with HCl, which indicates that leaching of 
impurities and rupture of surface cellulose was occurred as 

Table 1
Comparison of Langmuir and Freundlich isotherms for the adsorption of diclofenac and ibuprofen on onion skin activated with acids 

Drugs Langmuir isotherm Freundlich isotherm
Adsorbents Xm (mg/g) KL (L/mg) R2 Experimental 

value qmax (mg/g)
1/n KF (mg/g) R2 qe (mg/g)

DCF Nat-OS 0.1552 0.0013 0.1552 69.0678 1.0145 2.0132 0.9815 62.8
HCl-OS 0.4403 0.0094 0.4403 112.3042 1.4552 4.9968 0.9406 134.55
H2SO4-OS 0.6017 0.0108 0.6017 134.0035 0.9128 4.3984 0.9685 165.19
H3PO4-OS 0.6586 0.0088 0.6586 124.2572 0.8337 3.9994 0.9889 126.38

IBP Nat-OS 714.285 0.0005 0.0029 41.6641 1.0707 4.1314 0.9244 50.9565
HCl-OS 158.730 0.00660 0.5145 68.5933 0.8122 1.5591 0.9461 76.5596
H2SO4-OS 147.058 0.01808 0.904 91.99 0.7388 3.7402 0.9657 105.438
H3PO4-OS 34.3642 0.02920 0.0291 79.023 1.0575 1.2897 0.9241 78.7045

Table 2
Comparison between pseudo-first-order and pseudo-second-order kinetic parameters for the adsorption of diclofenac and ibuprofen 
on onion skin activated with acids

Drugs Adsorbents Pseudo-first-order Pseudo-second-order

qe (mg/g) K1ad (min–1) R2 qexp (mg/g) qe (mg/g) K2ad (mg/g min) R2

DCF Nat-OS 13.54877 0.00083 0.6039 28.55 29.41176 0.001271 0.9982
HCl-OS 17.46224 0.00039 0.5453 47.61 50 0.000874 0.998
H2SO4-OS 30.50001 0.00096 0.8377 68.42 73.52941 0.000763 0.9997
H3PO4-OS 19.85638 0.00069 0.3767 60.3 60.97561 0.000782 0.9951

IBP Nat-OS 9.788136 0.0003 0.6039 21.45 19.56947 0.002425 0.9909
HCl-OS 14.5278 0.00056 0.5453 36.41 37.17472 0.000583 0.9915
H2SO4-OS 18.27679 0.00065 0.8377 48.26 49.26108 0.000645 0.9957
H3PO4-OS 19.18669 0.00074 0.3767 43.18 46.08295 0.000268 0.9812
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a result of acids pre-treatments HCl and H2SO4 and H3PO. 
Previous studies also revealed that the physico-chemical 
treatment of the adsorbent changed the surface charac-
teristics of the adsorbents and resultantly, adsorption of 
adsorbate also affected [91,92]. Pre-treatment changed the 
OS surface and the surface turned to porous structure as a 
result of acids pre-treatments. The mineral acid treatment 
leached the inorganic ions and adsorbent textural char-
acteristics favored the adsorption [104]. EDX analysis was 
performed to determine the elemental composition of the 
adsorbents (Nat-OS, acids pre-treated and drugs loaded OS 
adsorbents) and results are shown in Fig. 9. Results showed 
that N, C, O, S, Ca, Zn, Si, Mg, Fe, Cl and Cu were pres-
ent in un-loaded OS adsorbent. This composition correlates 
with reported composition of onion [105,106]. In acid pre-
treated OS, the inorganic impurities were leached, which 
induced the roughness and groves on the surface, which 
facilitates the adsorption of drugs. H2SO4 and H3PO4 acids 

pre-treatments showed better mobilization of metal ions as 
compared with HCl. After adsorption of drugs, the peaks 
detected in un-loaded OS were disappeared and new peaks 
were appeared, which reveals the change in OS composition 
due to drugs adsorption.

4. Conclusions

OS was activated with HCl, H2SO4 and H3PO4 acids and 
resultant adsorbents were investigated for the adsorption of 
NSAIDs (DCF and IBP). The influence of process variables, 
that is, acids pre-treatments, pH, initial drugs concentrations, 
adsorbent dose and contact time were optimized for maxi-
mum adsorption of the drugs. The OS modification with 
H2SO4 enhanced the adsorption capacity up to 56% vs. 
Nat-OS. The optimum conditions of pH, adsorbent dosage 
and contact time were 6.5, 0.05 mg/g and 220 min, respec-
tively. At optimum condition, the DCF and IBP adsorptions 

Fig. 8. (A–C) SEM images of un-loaded Nat-OS, (D, E) SEM image of HCl pre-treated OS without loading drugs, (F, G) SEM image of 
H2SO4-OS without loading drugs, (H, I) SEM image of H3PO4-OS without loading drugs, (J, K) SEM image of native and HCl-treated 
OS after loading of DCF, (L, M) SEM image of H2SO4 and H3PO4-treated OS after loading of DCF and (N–P) SEM images of Nat-OS, 
HCl-OS, H2SO4-OS after loading of ibuprofen.
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were 134.003 and 91.99 mg/g, respectively, which were 
81.90% and 65.99% removal of the initial concentrations. 
H2SO4-OS showed maximum drugs adsorption followed 
by H3PO4-OS, HCl-OS and Nat-OS. The drugs adsorption 
onto OS adsorbents followed Freundlich isotherm and 
pseudo-second-order kinetic model. Results revealed that the 
OS is an efficient adsorbent and could possibly be used for 
the remediation of pharmaceutical drugs from wastewater.
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