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Abstract: The growth of industries, populations, and industrial activities includes environmental pollutants. Pollution
causes problems such as reduced light transmission, anaerobic conditions, and complications such as allergies and
cancer for humans and other living organisms. The adsorption method is one of the most attractive, and efficient methods
for removing environmental pollutants such as pharmaceuticals. Among the standard methods for wastewater treatment,
adsorption is more efficient than other methods and is more economical. They have a meager price. Adsorption of
pollutants can be an excellent way to remove toxic substances from polluted waters and industrial effluents. In this review,
pharmaceutical removal by adsorption process was reviewed in detail.
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1. INTRODUCTION

Pharmaceuticals are an essential, and integral part
of modern life, and are used to treat human and
animal diseases. They are one the environmental
pollutants. In the last decade, few countries have
studied the harmful effects of these pollutants on
living organisms. Recent studies on the toxicity of
this pharmaceutical show its harmful effects,
even at low concentrations. Therefore, the
development of effective technologies to remove
these pollutants is necessary. Studies show that
biological treatment is not enough to decompose
and prevent contamination of natural waters.
However, chemical processes such as advanced
oxidation methods, in particular, can break down
analgesics into molecules of simpler compounds
or mineralize them, still, processes are
complicated, and expensive to remove complex
compounds such as analgesics completely.
Physical techniques are the most appropriate way
to purify these materials. The adsorption method
has several advantages. It is the most efficient
among physical methods for removing organic
compounds from industrial wastewater. Also, the
operation of the adsorption method is
straightforward and does not produce toxic
substances, nor is it expensive. Therefore, the
adsorption method is an effective and economical
method that causes the separation of organic
compounds from aqueous media [1-13].
However, the adsorption process suffers from

some limitations. Low adsorption capacity and
low regeneration ability adsorbent are the
disadvantages of the adsorption technology. Thus,
scientists and engineers focus on synthesizing the
high adsorption capacity and high regeneration
ability of adsorbent.

1.1. The Status of Pharmaceutical Use in the
World and Iran

According to the World Health Organization, the
daily consumption of antibiotics is 7700 kg, and
their annual consumption globally is between
100,000 and 200,000 tons. Iran is one of the top
20 pharmaceutical users in the world and ranks
second in Asia after China in this regard. On
average, every Iranian takes pharmaceuticals 339
times a year, four times the global figure. In
total, approximately 43% of Iranians use
pharmaceuticals arbitrarily. The average growth
of pharmaceutical use in Iran is 11.5%, which is
9% higher than the global average [14].

1.2. Commonly Used Pharmaceuticals: The
Types, Chemical Structures, and their
Applications

Approximately 3000 pharmaceutical substances
are in the European Union. The most widely used
molecules are antibiotics for human and
veterinary pharmaceuticals. Their consumption
has reached 12,500 tons per year over the
last decade. Ibuprofen, scientifically named
4-isobutylphenyl- 2-propionic acid, is one of the
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most widely used NSAIDs worldwide. It appears
to inhibit cyclo-oxygenase in the central nervous
system without peripheral action, which is why
it does not have anti-inflammatory -effects.
Naproxen (NPX) is one of the most effective
analgesics, a non-steroidal anti-inflammatory
pharmaceutical (NSAID. It has been found in
both surface moisture and wastewater at
concentrations ranging from 20 ng/L to several
mg/L. NPX has an excellent cardiac profile;
however, it has been reported that people who
ingest trace amounts of NPX have a higher risk of
heart attack or a higher potential of urinary
bladder cancer. [15-20].

1.3. Removal of Pharmaceuticals

There exists a common distinction between
pharmaceuticals and food and materials providing
nutrients. The pharmaceuticals were consumed in
various ways, such as sublingual administration,
injection, inhalation, ingestion, smoking and
absorption through a patch, or a suppository. A
pharmaceutical is a chemical material utilized
for treating, curing, preventing, diagnosing a
condition, or enhancing health. In the beginning,
pharmaceuticals were extracted from different
plants, yet they were currently synthesized
organically. Pharmaceutical pharmaceuticals are
taken either for a particular amount of time or
regularly in case of chronic diseases. They are
typically categorized into different groups; these
types might be based on similarity in chemical
formation, identical action  mechanisms
(attaching to the same biological target), a similar
action mode, and whether they are employed for
treating the same condition. The Anatomical
Therapeutic Chemical Classification System (ATC)
is currently the most common pharmaceutical
classification system. It gives a particular
alphanumeric code to pharmaceuticals, assigning
them to a particular pharmaceutical category in the
ATC system. Biopharmaceutics Classification
System is another prevalent classification system
that categorizes pharmaceuticals based on solubility,
permeability, or absorption features. Psychoactive
pharmaceuticals influence the performance of the
central nervous system by changing the mood,
consciousness, or perception. They were
classified into various categories, such as
antidepressants, depressants, antipsychotics,
anxiolytics, hallucinogens, and stimulants. These
pharmaceuticals are known to help treat myriad

mental diseases. Nicotine, alcohol, and caffeine
are pharmaceuticals with the highest service.
They are further known as recreational
pharmaceuticals because their use is mainly
limited to pleasure.

1.3.1. Antibiotics

The discovery of antibiotics helped rescue many
lives. Significant amounts of antibiotics are being
utilized as antimicrobial medications around the
globe. Antibiotic pharmaceuticals are mainly
employed for treating bacterial disorders in
people, as animal medications for preventing
conditions related to animal husbandry, and as
growth promoters, particularly in livestock. If
these pharmaceuticals are utilized excessively,
there will be an augment in the antibiotic residues
released into nature. Nonetheless, it is only
recently that scientists have been concerned with
the level of contamination that antibiotics cause
in the service. This is mainly because large
amounts of antibiotics exist in the marine
ecosystem, they are widely utilized in creating
state-of-the-art and accurate analytical tools, and
antibiotic residues are poisonous with long-
lasting impacts. Aquatic ecosystem Instead of
being fully metabolized in the body, antibiotics
are released in urine, manure, or faeces as
metabolites, water-soluble conjugate compounds,
or parent compounds, which explains their
augmented concentration in the aquatic
ecosystem. The agricultural runoff and
manufacturing industries emitting unutilized
antibiotic pharmaceuticals are other antibiotic
pharmaceutical sources in nature. In various
investigations, antibiotics were observed in
industrial ~ effluents, hospital  wastewater,
groundwater, surface water, sediments, drinking
water, and the influents and effluents of
wastewater treatment plants. When antibiotics are
released into the aquatic ecosystem, bacteria are
more likely to obtain antibiotic-resistant genes
that readily travel to other bacteria via lateral gene
transfer. The presence of antibiotic-resistant
genes bacteria makes the microbes resistant to
traditional antibiotics that were previously
effective. Antibiotic-resistant bacteria were
detected in effluents, surface water, and
wastewater treatment plants. Hospitals typically
utilize antibiotics, so their effluents are the
source of pharmaceutical-resistant bacteria.
Fluoroquinolones, macrolides tetracycline, and
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sulphonamides are among highly prevalent
antibiotics in the aquatic ecosystem. Such
pharmaceuticals are mainly found in ground, and
surface water, overland moisture systems, and
municipal wastewater. A large body of research
has corroborated that traditional wastewater
treatment merely partially eliminates antibiotics
from wastewater. Adsorption through activated
carbons and other substances, nanofiltration,
reverse osmosis, chlorination, flocculation,
ultraviolet (UV) irradiation filtration, and
ozonation are among the techniques utilized so
far. Nonetheless, a majority of the preceding
approaches were created to eliminate heavy
metals and hydrophobic pharmaceuticals and for
the treatment of microbial pollutants instead
of pharmaceutically active compounds like
antibiotic pharmaceuticals. Some drawbacks are
further associated with photodegradation via
UV/catalysts and adsorption through carbon
nanotubes, clays, and ion exchange which were
mainly created to eliminate antibiotics. Alumina,
zeolite, biosorbents, agricultural waste, activated
carbon, silica, mesoporous silica, functionalized
mesoporous silica, and metal-organic frameworks
are some substances utilized in removing
antibiotic  pharmaceuticals.  Therefore, to

Conventional Treatments

eliminate antibiotic pharmaceuticals from marine
ecosystems, it is still necessary to develop
effective, economical, and environmentally
friendly substances in aquatic ecosystems. A large
number of studies are being conducted to invent
cost-effective  techniques. Owing to their
efficaciousness and adaptability for eliminating
various contaminants from the aquatic ecosystem,
bio-materials have gained a great deal of
scientific attention among the adsorbents [21-66].

2. TYPES OF PHARMACEUTICALS

A Pharmaceutical in English science refers to any
substance is used to treat, relieve symptoms,
diagnose or prevent disease affect the structure or
function of an organism, and correct the body's
function once it enters the body. It becomes.
In another definition, a pharmaceutical is a
substance that, by acting on a particular receptor
inside, outside, or the cell wall, triggers or inhibits
a particular function. The potency of the
Pharmaceutical is directly proportional to the
amount and number of this interaction. Of course,
medications with a topical effect, including
antacids, topical disinfectants, and contrast
agents, are not included in this definition.

Electrocoagulation

Removal of drugs

Biological

Adsorption

Activated Carbon
Clay
Biochar

Fig. 1. Removal of pharmaceuticals by different treatment methods
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Table 1. Molecular structure and physicochemical properties of selected analytes

Number Name of pharmaceuticals Structure Reference
1 Sulphanilamide 67
2 Marbofloxacin 68
3 Ciprofloxacin 69, 70
4 Danofloxacin 75
5 Oxytetracycline 72,73
6 Sulphamerazine 73
7 Sulphamonomethoxine 70, 74
8 Sulphamethoxazole 75,70
9 Tylosin tartrate 72
10 Sulphadimethoxine 74

o B
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The Pharmaceutical may be of natural (plant or
animal) origin or may be synthetic. Chemical
medications are usually discovered in the
laboratory by pharmacists and sometimes by
other scientists or doctors and are produced in
pharmaceutical factories after adequate research
and approval by official authorities. The
pharmaceutical may be taken orally (tablets and
syrups), rubbed (ointments, and drops), inhaled
(inhaled), or injected (ampoules). The place
where the pharmaceutical is sold is called the
pharmacy. Pharmaceuticals come in four forms:
mineral, animal, herbal, and chemical.
Pharmaceuticals can also be classified into
authorized and unauthorized categories (like
some narcotics). Medications should generally be
stored in particular conditions and have a
particular expiration date. How to take the
Pharmaceutical and how much to take (dose) is
particular in the prescription of the treating
physician. Some manufactured Pharmaceuticals,
also called galenic Pharmaceuticals, are made in
pharmacies with a doctor's prescription and from
a combination of several Pharmaceuticals [77].

Pillsand
syrups

Ampoule

Types of
drugs

Ointment
and drops

By breathing

Fig. 2. Types of medication for consumption

3. MATHEMATICAL MODELING

The adsorption process has offered particular
upsides with motivated scientists to better
understand the process by utilizing it.
Anticipating how packed bed column behaves can
help create a novel process according to this
approach. Yoon and Nelson have created an
empirical model for predicting how activated
carbon-based packed beds behave. However, it is
costly and time-consuming to create these
empirical models for various bed kinds;

furthermore, these models only function under
particular operation situations and cannot be
categorized as a universal model for full bed
columns. Thus, it is beneficial to create
mathematical models that accurately explain the
behavior of packed beds. It is easy to solve the
governing equations in such models; however,
they are limited to particular hypotheses to be
considered when the system is being modelled,
resulting in more valid models. Several scientists
have recently attempted to model various
methods of adsorption which will be discussed in
the following sections. To better fathom the
natural features of a system, the adsorption
method is mainly divided into two types: liquid-
phase, and gas-phase. Hence, the governing
equations regarding each type are expressed
separately [78].

4. THE ADSORPTION METHOD

The adsorption method is a process that is widely
used for chemical species from the fluid phase to
the solid or liquid surface. Concrete surfaces in
adsorption have active and energetic sites that can
be used in aqueous solutions using their particular
electronic properties with different solutes. The
solid substance that gives the surface to absorb is
called the adsorbent, and the interested species are
called the adsorbent. The adsorption process was
influenced by the nature of the adsorbent, and
adsorbent, pH, temperature, contact time, the
concentration of contaminants, adsorbent particle
size, the presence of other wastes and test
conditions. Suppose the experiments in the
experimental conditions compared the two
adsorbents. Studies on the use of adsorbents to
remove pharmaceuticals show that
pharmaceuticals with hydrophobicity are more
prone to hydrophilicity. Most adsorbents used in
wastewater treatment are activated carbon,
zeolite, clay, and agricultural waste [86-90].

4.1. Carbon Adsorbents

There are some materials contain activated
carbon, and graphite, which are obtained from
materials including coal, and coconut shell. High
surface area and easy availability make activated
carbon the adsorbent studied in removing
pharmaceuticals from water. In carbon
adsorbents, activated carbon is most used in
wastewater treatment. Activated carbon is low in
efficiency, and cost.

sl o
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Table 2. A lot of pharmaceuticals are by Formulation & Molar mass & Structure chemical

Number | Name of pharmaceuticals Formula Molar mass Structure
1 Aspirin CoHgO, 180.158 g/mol @TT
F. " l OH (!.)OH
| A
2 Atorvastatin Cs3H35FN2Os 558.64 g/mol Y5
I ‘ HV\‘I
|
1 oL
I [
3 Atracurium +Cs3HnN2Op2 | 929.145 g/mol 13 0
¥ . o oo )
SRAS
4 Allopurinol CsHaN4O 136.112 g/mol N.J\Q
~ & 0
07N ; S-NH,
5 Brinzolamide Ci2HaiN305S5 | 383.51 g/mol \I/fa
HN,
)
HO
o
T
6 Bromocriptine C52H40BrNsOs | 654/595 g/mol | N\O Y
HN- {
Br HQ
7 Betamethasone C2HaoFOs 392/461 g/mol " H\L&
. F|H
A
8 Buprenorphine CoHyNOs | 467.64 g/mol H>L
e HD/
o 5 -
. 239.7425 ML
9 Bupropion CisHisCINO a/mol
cl
? O}LO O oH
10 Paclitaxel CyHs1NO14 | 853/906 g/mol o |
H i\ 0
OH OHG
0 C‘%
0
HQ
Ho A~ M
11 Prednisolone C21H230s 360/444 g/mol PO,
P
T 0. n
P Y
12 Pimozide CasHa9F2N3O 461.56g/mol | ( |N <
[ J
;
13 Tetracosactrin C136HZISON4OO3 2933/44g/mol
1

o &
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Table 3. List of formula (permission of Dr. Rama Rao Karri) [79-85]

Number Formula
1 (qe,meas—qe,cal)?
Y (qe;meas—qe,cal)? + (qe,meas—qe,cal)?
n 2
2 Zizl(qe, meas — qe, cal)
3 iz1/gcal — gexpli
n
100 cal-qgexp , .
n i=1 gexp
5 (qcal qexp
n— P qexp
qe,cal-ge,meas
6
( ge,meas )
7 100 n [(qe,cal qe,meas)z]i
n i=1 ge,meas
n
6 (qe,meals—qe,cal)2 .
8 _ CICEI I
_ i=1
n(n-1)>2
9 \/Zin=1 |(qge,meas—qe,cal)i—AREiZ2|
n-—1

The physical and chemical properties of activated
carbon depend on precursors and their preparation
methods. The adsorption of pharmaceuticals
on inexpensive activated carbon shows that
increasing the pH reduces the pharmaceutical
adsorption from the solution, and increases the
temperature in the range of 4-40°C [89, 91, 92, 93].

4.2. Adsorption Mechanism

Tetracycline (TC) and Doxycycline (Dox) as
common antibiotics were used to study the
adsorption ability of the MIL-53/NH,-Chitosan
composite [94]. The removal experiments were
carried out at natural pH (5.4) conditions. Fig. 3
shows that the adsorption capacity of MIL-53/NH,-
Chitosan composite to TC and Dox was 388 and 264
mg/g, respectively. The MIL-53/NH-Chitosan

400

300

200

100 1 l I
. I

10 20 3 &
Time Em:n‘.l

(a)

o (mg/g)

could provide multiple non-covalent interactions to
remove various organic contaminants, in which
both m-m interactions/ stacking and H- bonding are
responsible for the TC and Dox removal.

4.3. Adsorption Isotherm, Kinetic, and
Thermodynamic

There are different isotherm models to investigate
the adsorption data [94-98]. Commonly three
isothermal models (the Langmuir, Freundlich,
and Tempkin) are studied. The isotherm
coefficients for pollutant removal by chitosan and
MIL-53/NH»-Chitosan are summarized in Table 7
The degree of fitness and compatibility of each
isotherm model was estimated by the correlation
coefficient (R?) values indicating that pollutant
removal followed the Langmuir model.

400
300
"
=200 4
-
N I I
o I
&} a0
tane (min)
(b)

Fig. 3. Removal of (a) tetracycline and (b) doxycycline by the MIL-53/NH,-Chitosan [94].
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It means that contaminant removal is limited to
the formation of single-layer coverage of
adsorbent surface [94].

Different kinetic models are investigated in the
literature for pollutant adsorption [94-98]. Kinetic

model curves and parameters at various adsorbent
dosages are presented in Table 8. From Table 7, it
is clear that the R? value for PSO was relatively
high, which signified that the adsorption
mechanism obeyed the PSO kinetic model.

Table 4. Comparison of adsorbent, pharmaceuticals, isotherm, kinetic, qmax, Thermodynamic

Number Adsorbent

Pharmaceutical

(max

isotherm

kinetic

Thermodynamic

Ref.

Fe304-
chitosan

Metronidazole

97.06

Langmuir

Pseudo-first-Order

AG°=-3.371
As°=499.255
AH°=144.405

67

magnetic
2 activated
carbon

Erythromycin

Langmuir,
Freundlich,
Temkin ,
Dubinin-
Radushkevich

Pseudo-first-order,
Pseudo-second-order,
Elovich model,
Intraparticle diffusion
model (step 1, step 2,
step 3)

AGe=-3.4
Ase=+1
AH®=+28.3

68

starch,
chitosan,
and B-
cyclodextrin

ibuprofen

328,
360,
479,
420

Langmuir,
Freundlich,
D-R model

Pseudo-first order,
Pseudo-second
order

AG®(mesoporous
silica)= 1.2, 1.25,
1.35,1.47,1.52,
1.63,1.7
AS°(mesoporous
silica)=-17.7
AH®(mesoporous
silica)=-4.19
AG®(mesoporous
silica/starch)= 1.1,
1.2,1.31, 142,
1.5,1.59, 1.66
AS°(mesoporous
silica/starch)= -4.8
AH®(mesoporous
silica/starch)=
-19.45
AG®(mesoporous
silica/chitosan)=
0.12,0.22,0.32,
0.41,0.48, 0.55,
0.62
AS® (mesoporous
silica/chitosan)= -
16.26
AH? (mesoporous
silica/chitosan)=-
4.9
AG?® (mesoporous
silica/B-
cyclodextrin)=
0.66, 0.76, 0.86,
0.95,1.03, .11,
1.18
AS® (mesoporous
silica/B-
cyclodextrin)=
-17.5
AHP® (mesoporous
silica/p
cyclodextrin)=
-4.63

69

chitosan/
tripolyphosphate
4 /graphene

oxide
hydrogel

Sumatriptan
Succinate

45.4

Langmuir
Temkin
Ferundlich

AG°=-3.322,
-3.712, -3.907,
-4.102
AH°= 8.3
Ln K= 1.36, 1.46,
1.52,1.57

70

Chitosan
5 based
magnetic

tetracycline

215.31

Langmuir,
Freundlich,
Temkin,

Pseudo- First Order,
Pseudo-second order

nonlinear model, Intra-

71
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nanocomposite

Dubinin—
Radushkevich

particle diffusion,
Elovich model

Magnetic
nanocomposite
(cobalt-
based ferrite)

Diclofenac
sodium

18.4

Langmuir,:
Freundlich,
Temkin,
Dubinin—
Radushkevich

Pseudo first-order,
Pseudo second-
order, Elovich,

Bangham

AH?° cobalt-based
ferrite =20.75
AS° cobalt-based
ferrite= 74.37
AG® 288 cobalt-
based ferrite=
-0.67
AG° 298 cobalt-
based ferrite=
-1.41
AG° 308 cobalt-
based ferrite =
-2.15
AG® 318 cobalt-
based
ferrite=—2.90

72

Magnetic
nanocomposite
(graphene
oxide@
cobalt
based ferrite)

Diclofenac
sodium

324

Langmuir,:
Freundlich,
Temkin,
Dubinin—
Radushkevich

Pseudo first-order,
Pseudo second-
order, Elovich,

Bangham

AHP° graphene
oxide@cobalt
based ferrite=
15.61
AS° graphene
oxide@cobalt
based ferrite=
70.22
AG?® graphene
oxide@cobalt
based ferrite=
—4.61
AG® 298 graphene
oxide@cobalt
based ferrite=
=531
AG® 308 graphene
oxide@cobalt
based ferrite=
—6.02
AG® 318 graphene
oxide@cobalt
based ferrite=
—6.72

73

bentonite/
biopolymer
composites

5-fluorouracil

114,
230,
273,
310

Langmuir,

Freundlich,

Dubinin—
Radushkevich

Zero-order mode,
First order model,
Higuchi model,
Hixson-Crowell
model, Korsmeyer-
peppas mode

AG"® bentonite=
—9.68 to —9.78
AH° bentonite=
9.1
As® bentonite=
-1.93
AG"® bentonite/
chitosan=—7.44 to
—7.24
AH° bentonite/
chitosan=9.38
As® bentonite/
chitosan= 6.74
AG°® bentonite/
Co-Poly 2-
hydroxyethyl
methacrylate-
methyl
methacrylate=
—6.95 to —6.86
AHP® bentonite/
Co-Poly 2-
hydroxyethyl
methacrylate-
methyl
methacrylate=
8.12
As® bentonite/ Co-
Poly 2-

74
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hydroxyethyl
methacrylate-
methyl
methacrylate=
4.02
AG?® bentonite by
an organic
surfactant= —7.64
to —7.75
AH? bentonite by
an organic
surfactant =
As® bentonite by a
6.58 organic
surfactant= —3.33
type 1 a pseudo-first-order
(400.39) Langmuir model (PFO) AH°=-5.515
Chitin and type2 | isotherm | (Bartczak etal,2016), | AS® =—12.180
9 lieni Ibuprofen (500) (256‘4%’ (type 1, 2,3, | apseudo-second-order AG°=—1.87, 76
1ghin 2’823) 4), model (PSO) (Ho and —~1.83-1.80
typé 4 | Freundlich McKay, 1999) and an 168
(334.55) intra-particle diffusion ’
type 1 ) a pseudo-first-order
(400.39) Langmuir model (PFO) AH°=-5.715
. type 2 isotherm (Bartczak et al., 2016), | AS° =—13.980
10 Chll.tln.and Ib(li%lg)ofen ;256‘41;” (type 1, 2,3, | apseudo-second-order AG°=—1.55, 76
1gnin ) (33’323) 4) model (PSO) (Ho and —1.48.-1.41
typé 4 Freunélich McKay, 1999) and an _1’ 34
(334.55) intra-particle diffusion ’
(tzyg;eml) a pseudo-first-order
N Acetaminophen | (o> | Langmuir (Bart?z(;flfgfoz)mé) AH®=-5.161
1 ch1_t1n _and (SQO) @i, | (type 1,2, 3, a pseudo—secor;d—order7 AS°=—19.73 76
lignin Acetaminophen type 3 4), model (PSO) (Ho and AG°=0.71, 0.83
(1000) ilsgllé)‘: Freundlich McKay, 1999) and an 0.90, 1.02
(2}:)852 4 intra-particle diffusion
(t2y6p7€071) a pseudo-first-order
N _ type2 | Langmuir (Bartr:z(;(li(e::t(glFoz)Olé) AHP=—1.225
12 chitin and Acetaminophen @i, | (type 1,2, 3, a pseu do-secor; d-or de; AS°=-12.49 76
lignin (1000) type 3 4, model (PSO) (Ho and | AG°=2.49,2.55
?58'212" Freundlich McKay, 1999) and an 2.64,2.67
(2}613::2 4 intra-particle diffusion
Table 5. Comparison adsorbent, pharmaceutical, characterizations
Number Adsorbent pharmaceutical characterizations Ref.
1 magnetic activated carbon Erythromycin XRD‘,];]\EAM%E}}iMéE%man, 68
2 Oligochitosan Ibuprofen binding-releas DSC, DLS, ITC 69
3 chltosan/trlpquphosphate/ Sumatriptan Succinate SEM, TEM, AFM, TGA, XRD, FT- 70
graphene oxide hydrogel
4 Chitosan based magnetic tetracveline FTIR, TGA, BET, XRD, 71
nanocomposite y Raman, XPS, FESEM, HRTEM
Magnetic nanocomposite . . XRD, SEM, TEM, X-ray , XPS
5 . Diclof d ’ g . ’ 2
(cobalt-based ferrite) lclofenac sodium VSM, UV_Vis 7
6 bentonite/ blqpolymer 5_fluorouracil XRD, FT-IR, BET, BJH, TEM, 73
composites SEM
7 . Tanninand 3- Methotrexate FTIR, SEM, TEM, XRD 76
Aminopropyltriethoxysilane
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Table 6. Comparison adsorbent, pharmaceuticals, Condition adsorption, correlation coefficient

Number adsorbent pharmaceuticals Condltl‘o n removal efficiency Ref.
adsorption
Langmuir isotherm (0.9845, 0.9207,
Temperature= 0.9283), Freundlich isotherm= .(
Chitosan 298,308,318 . 0.9232,0.83.18, 0.8396), Temkin
based . ’ K) ’ 1sotheqnf (0.8327, 0.8.548, 0.8671),
1 magnetic Tetracycline concentr,ation: Dubinin—Radushkevi= (0.9700, 73
. 0.9758, 0.9748), First order= 0.9921,
nanocomposite 0.05 g adsorbent .
dosage, 60 mg/L Se.tconc.l order=0.9957, Iptra—partmle
diffusion= 0.7490, Elovich model=
0.8045
Concentrations
of Ibuprofen
binding-release,
oligochitosan,
in the initial
. . Ibuprofen mixture, were
2 Oligochitosan binding-releas 3.77,5.0, and - 76
mg/mL,
(pH=17.2),
oligochitosan
concentration is
=455 mg/mL
Table 7. The contaminant adsorption isotherm coefficients at different adsorbent doses [94].
Isotherm parameter Adsorbents
Chitosan MIL-53/NHz-Chitosan
Langmuir q 3703 12500
K 0.0418 0.1142
Claml/Ke qu + Cla R’ 0.9797 0.9909
Freundlich I;F 17829 7?} 2
Log g:=log K+ 1/nlog C. R 0.5490 0.8117
«10-20 <10-15
N lTelinli"]IS . I];T 1.856_2;0 2.46_71 9150
demBr T B A e R 0.5497 0.7875

Table 8. The kinetics coefficients of organic pollutant adsorption at different adsorbent doses [94].

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

Dose Pseudo-first order (PFO) Pseudo-second-order (PSO) | Intraparticle diffusion (ID)
(@) (Qe)Exp | log (ge-qo) =log qe-(k1/2.303) *t t/q=1/ka*qe? + t/qe gk * 123+ 1
(@ca | k[ R (qdca. | ko(x109 | R k | T | R
Chitosan
0.0005 3360 5011 27 0.8677 3703 5 0.9824 424 630 0.8122
0.0010 3212 4088 18 0.9736 3333 30 0.9929 321 12583 | 0.6670
0.0015 3252 2258 57 0.9320 3448 10 0.9967 311 1225 0.7599
0.0020 3205 2141 36 0.8649 3333 18 0.9993 215 1846 0.7317
MIL-53/NH;-Chitosan
0.0005 11590 9931 25 0.8822 12500 10 0.9998 721 7051 0.7292
0.0010 10396 5280 34 0.8630 1111 12 0.9998 422 7650 0.8428
0.0015 9725 3377 33 0.8921 10000 10 0.9999 265 8044 0.7584
0.0020 9261 3573 29 0.7597 10000 5 1.0000 207 7965 0.7440

[ DOI: 10.22068/ijmse.3385 ]

Thermodynamic parameters (AG: Gibbs energy,
AH: enthalpy, and AS: entropy) are used to study

the application of an adsorption process. The
values of these parameters indicate what process

& &
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will occur spontaneously. The thermodynamic
parameters are investigated using the following
equations: 47

AG= AH — TAS (1)
Kc= CA/CS ()
In Kc= (AS/R) - (AH/RT) (3)

Where Kc is the equilibrium constant, CA is the
amount of contaminant adsorbed on the adsorbent
at equilibrium (mol/L), and CS is the equilibrium
contaminant concentration in the solution
(mol/L). The positive AH value indicates an
endothermic process. The positive AS value
shows the increased randomness at the
solid/solution interface during the adsorption of
the contaminant onto the adsorbent. The negative
AG values present the spontaneous adsorption
[95, 96].

4.4, Regeneration of Adsorbent

Contaminant removal was investigated by various
materials [94-101]. The adsorbent regeneration
ability is a crucial issue for its practical
applications. The regeneration of MIL-53/NH,-
Chitosan was studied via regeneration of the used
adsorbent particles. In each cycle, after the
removal process, the particles of the pollutant-
adsorbed material were collected, washed with
ethanol and dried before the reuse. The recovered
adsorbent was reused in the next removal cycle
(Fig. 4). The results showed that the MIL-
53/NH2-Chitosan ~ regeneration  efficiency
diminished slightly over the five runs of
operations [94].

100
80 4
60 A
40 A
20 A

Removal (%)

Fig. 4. Regeneration of MIL-53/NH,-Chitosan after 5
cycles [94].

5. CONCLUSIONS, PROSPECTS, AND
CHALLENGES

The use of waste moisture has led to
widespread pollution of moisture by dangerous

2 SR i

pharmaceuticals or pharmaceuticals and has
raised concerns for human health, and the
environment. Various experiments have been
performed to reduce the presence of
pharmaceuticals in moisture to protect the
environment and the human body. To remove
medicinal products from water, many methods
were considered, including the adsorption
method. In this study, we showed that there is no
use of technology for the treatment of
pharmaceutical wastewater to remove all
pharmaceuticals before complete discharge.
Pharmaceuticals have also been found in rivers
and lakes. The adsorption process has been
developed to demonstrate promising potential as
the following generation of moisture treatment.
The adsorption processes can be a great way to
eliminate pharmaceutical products such as
antibiotics, and analgesics at low concentrations.
Various techniques have been considered in this
study to reduce the toxicity of pharmaceuticals in
moisture to humans through fresh drinking
moisture or food, as well as on the environment
(lakes, and rivers). This study also shows a
combination of different treatment methods to
achieve a high percentage of pharmaceutical
elimination in a short time up to 100%. The
adsorption method adsorption of several low-cost
materials such as clay, activated carbon, and olive
waste can be used as adsorbents.

REFERENCES

[1]. Sallmann, A.R., "The history of
diclofenac." Am. J. Med. 1986, 80, 29-33.

[2]. Laneuville, O., Breuer, DK., Dewitt,
D.L., Hla, T, Funk, C.D., Smith,
W.L., '"Differeninhibition of human
prostaglandin endoperoxide H synthases-1
and -2 by nonsteroidal anti-inflammatory
drugs.," JPET. 1994, 271, 927-34.

[3]. Brogden, R.N., Heel, R.C., Pakes, G.E.,
Speight, T.M., Avery, G.S., "Diclofenac
sodium: a review of itspharmacological
properties and therapeutic use in rheumatic
diseases and pain of varying origin."
Drugs., 1980, 20, 24-48.

[4]. Jick, S.S., Kaye, J.A., Jick, H., "Diclofenac
and acute myocardial infarction in patients
with no major risk factors." Br. J. Clin.
Pharmacol., 2007, 64, 662-67.

[5]. Cheraghali, A.M., "Injectable diclofenac: a


http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Iranian Journal of Materials Science and Engineering, Vol. 20, Number 4, December 2023

[6].

[7].

(8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

painful shot into Iran’shealth system." Soc.
sci. med., 2006, 63, 1597- 601.

Sayadi, M.H., Trivedy, R.K., Pathak,
R.K., "Pollution ofpharmaceutical in
environment." J. Ind. Pollut. Control.,
2010, 26, 89-94.

Derksen, J.G., Rijs, G.B., Jongbloed, R.H.,
"Diffuse pollution of surface water by
pharmaceutical products." Water Sci.
Technol., 2004, 49, 213-21.

Jones, O.A., Voulvoulis, N., Lester,. J.N.,
"Potential impact of pharmaceuticals on
environmental health." Bull. World Health
Organ., 2003, 81, 768-69.

Petrovic, M., Gonzalez, S., Barcelo, D.,
"Analysis and removal of emerging
contaminants in wastewater and drinking
water." TrAC, Trends Anal. Chem., 2003,
22, 685-96.

Carballa, M., Omil, F., Lema, J.M.,
Llompart, M., Garcia-Jares, C., Rodriguez,
I.,Gomez, M., Ternes, T., "Behavior of
pharmaceuticals, cosmetics and hormones
in a sewage treatment plant." Water Res.,
2004, 38, 2918-926.

Moussavi, G.h., Alahabadi, A.,
Yaghmaeian, K., Eskandari, M.,
"Preparation, characterization and
adsorption potential of the NH4Clinduced
activated carbon for the removal of
amoxicillin antibiotic from water." J.
Chem. Eng., 2013, 217, 119-28.

Lin, S.H., Juang, R.S., "Adsorption of
phenol and its derivatives from water using
synthetic resins and low-cost natural
adsorbents: a review." J. Environ. Manage.,
2009, 90, 1336-349.

Han, R., Ding, D., Xu, Y., Zou, W., Wang,
Y., Li, Y., Zou, L., "Use of rice husk for the
adsorption of congo red from aqueous
solution in column mode." Bioresour.
Technol., 2008, 99, 2938-346.

Etemadi, MM., "Removal of
"tetracycline" antibiotic by using of TiO;
photocatalytic nanoparticles and ZnO
microparticles in the presence of sunlight
[Dissertation]." FUM., 2014, 57-9.

Fu, Y., Gao, X., Geng, J., Li, S., Wu, G.,
Ren, H.M., "Degradation of three
nonsteroidal anti-inflammatory drugs by
UV/persulfate: Degradation mechanisms,
efficiency in effluents disposal." Chem.

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

Eng. J., 2019, 356, 1032—-1041.
Méndez-Arriaga, F., Gimenez, .,
Esplugas, S., "Photolysis and TiO»
Photocatalytic Treatment of Naproxen:
Degradation, Mineralization, Intermediates
and Toxicity." J. Adv. Oxid. Technol.,
2008, 11, 435-444.

Manrique-Moreno, M., Suwalsky, M.,
Villena, F., Garidel, P., "Effects of the
nonsteroidal  anti-inflammatory  drug
naproxen on human erythrocytes and on
cell membrane molecular models."
Biophys. Chem., 2010, 147, 53-58.
Ghauch, A., Tugan, A.M., Kibbi, N.,
"Naproxen abatement by thermally
activated persulfate in aqueous systems."
Chem. Eng. J., 2015, 279, 861-873.
Lubet, R.A., Scheiman, J.M., Bode, A.,
White, J., Minasian, L., Juliana, M.M.,
Grubbs, C.J., "Prevention of Chemically
Induced Urinary Bladder Cancers by
Naproxen: Protocols to Reduce Gastric
Toxicity in Humans Do Not Alter
Preventive Efficacy." Cancer Prev. Res.,
2015, 8, 296-302.

Moslah, B., Hapeshi, E., Jrad, A.,
Fatta-Kassinos, D., Hedhili, A.,
"Pharmaceuticals and illicit drugs in
wastewater samples in north-eastern
Tunisia. Environ." Sci. Pollut. Res. 2018,
25, 18226-18241.

Wen, H., Jung, H., Li, X., "Drug
Delivery Approaches in Addressing
Clinical Pharmacology-Related Issues:
Opportunities and Challenges." AAPS J.,
2015, 17, 1327-1340.

Staples, M., Daniel, K., Cima, M.].,
Langer, R., "Application of Micro- and
Nano-Electromechanical Devices to Drug
Delivery." Pharm Res., 2006, 23, 847-863.
Zhou, S.F., Zhong, W.Z., "Drug Design and
Discovery: Principles and Applications."
Molecules., 2017, 22(2), 279.

Atanasov, A.G., Waltenberger, B.,
Pferschy-Wenzig, E.M., Linder, T.,
Wawrosch, C., Uhrin P., Temml, V., Wang,
L., Schwaiger, S., Heiss, E.H., Rollinger,
J.M., Schuster, D., Breuss, J.M., Bochkov,
V., Mihovilovic, M.D., Kopp, B., Bauer,
R., Dirsch, V.M., Stuppner, H. "Discovery
and resupply of pharmacologically active
plant-derived natural products: A review."

& &

13



http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Ali Hosseinian Naeini et al.

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

14

Biotechnol Adv. 2015, 33, 1582-614.
Pareck, C., Korkmaz, S., Pareek, J.,
Nirwan, N., "The Organic Chemistry of
Drugs." 1JOT., 2023, 5(2), 45-52.
Lambert, B.L., Yu, C. & Thirumalai, M., "A
System for Multiattribute Drug Product
Comparison" J. Med. Syst., 2004, 28, 31—
56.

Breimer, D.D., "Interindividual Variations
in Drug Disposition." Clin Pharmacokinet.,
1983, 8, 371-377.

Bergstrom, C, A., Andersson, S.B.,
Fagerberg, J.H., Ragnarsson, G., Lindahl,
A., "Is the full potential of the
biopharmaceutics classification system
reached?." Eur. J. Pharm. Sci., 2015, 57,
224-31.

Hennessy, E.A., Tanner-Smith, E.E.,
"Effectiveness of Brief School-Based
Interventions for Adolescents: A Meta-
analysis of Alcohol Use Prevention
Programs." Prev Sci., 2015, 16, 463—474.
Crocq, M.A., "Alcohol, nicotine, caffeine,
and mental disorders," Dialogues Clin.
Neurosci., 2003, 5, 175-185.

Chiappini, S., Schifano, F. A., "Decade of
Gabapentinoid Misuse: An Analysis of the
European Medicines Agency’s ‘Suspected
Adverse Drug Reactions’ Database." CNS
Drugs., 2016, 30, 647—654.

Almukainzi, M.,  Araujo, G.L.B.
Lobenberg, R., "Orally disintegrating
dosage forms." J. Pharm. Investig., 2019,
49, 229-243.

Fox, T.P., Oliver, G., Ellis, S.M., "The
Destructive Capacity of Drug Abuse: An
Overview Exploring the Harmful Potential
of Drug Abuse Both to the Individual and
to Society". ISRN Addiction., 2013,
450348.

Kiimmerer, K. "Antibiotics in the aquatic
environment—A  review  Part  L"
Chemosphere., 2009, 75, 417-434.
Thiele-Bruhn, S., "Part 1. Chemosphere
Pharmaceutical antibiotic compounds in
soils—A review. Part ." Chemosphere J.
Plant Nutr. Soil Sci., 2003, 166, 145-167.
Glassmeyer, S.T., Hinchey, E.K., Boehme,
S.E., Daughton, C.G., Ruhoy, L.S., Conerly,
0., Daniels, R.L., Lauer, L., McCarthy, M.,
Nettesheim, T.G., Sykes, K., Thompson,
V.G., "Disposal practices for unwanted

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

residential medications in the United
States." Environ. Int., 2009, 35, 566-572.
Yan, C., Yang, Y., Zhou, J., Liu, M., Nie,
M., Shi, H., Gu, L., "Antibiotics in the
surface water of the Yangtze Estuary:
Occurrence,  distribution and  risk
assessment." Environ. Pollut., 2013, 175,
22-29.

Guler, U.A., Sarioglu, M., "Removal
of tetracycline from wastewater using
pumice stone: equilibrium, kinetic and
thermodynamic studies." J Environ Health
Sci Engineer., 2014, 12, 79.

Karthikeyan, K.G., Meyer, M.T.,
"Occurrence of antibiotics in wastewater
treatment facilities in Wisconsin, USA."
Sci. Total Environ., 2006, 361, 196-207.
Watkinson, A.J., Murby, E.J., Kolpin,
D.W., Costanzo, S.D., "The occurrence of
antibiotics in an urban watershed: From
wastewater to drinking water." Sci. Total
Environ., 2009, 407, 2711-2723.

Xu, W., Zhang, G., Zou, S., Li, X., Liu, Y.,
"Determination of selected antibiotics in
the Victoria Harbour and the Pearl River,
South China using high-performance liquid
chromatography-electrospray  ionization
tandem mass spectrometry." Environ.
Pollut., 2007, 145, 672—679.

Chang, X., Meyer, M.T., Liu, X., Zhao, Q.,
Chen, H., Chen, J.A., Qiu, Z., Yang, L.,
Cao, J., Shu, W. "Determination of
antibiotics in sewage from hospitals,
nursery and slaughter house, wastewater
treatment plant and source water in
Chongging region of Three Gorge
Reservoir in China." Environ. Pollut.,
2010, 158, 1444-1450.

Berglund, B., "Environmental dissemination
of antibiotic resistance genes and correlation
to anthropogenic contamination with
antibiotics." J. Microbiol. Methods., 2015,
113, 28564.

Nghiem, L.D., Schifer, A.L, Elimelech,
M., "Removal of natural hormones by
nanofiltration membranes: Measurements,
modeling, and mechanisms." Environ. Sci.
Technol., 2004, 38, 1888—1896.

Mili’c, N., Milanovi'c, M., Leti’c, N.G.,
Sekuli’c, M.T., Radoni’c, J., Mihajlovi'c,
I., Miloradov, M.V., "Occurrence of
antibiotics as emerging contaminant


http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Iranian Journal of Materials Science and Engineering, Vol. 20, Number 4, December 2023

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

[55].

substances in aquatic environment." Int. J.
Environ. Health Res., 2013, 23, 296-310.
Xu, W., Zhang, G., Li, X., Zou, S., Li, P.,
Hu, Z., Li, J., "Occurrence and elimination
of antibiotics at four sewage treatment
plants in the Pearl River Delta (PRD),
South China." Water Res., 2007, 41, 4526—
4534,

Kemper, N., "Veterinary antibiotics in the
aquatic and terrestrial environment." Ecol.
Indic., 2008, 8, 1-13.

Terzi'c, S., Senta, 1., Ahel, M., Gros, M.,
Petrovi‘c, M., Barcelo, D., Miiller, J.,
Knepper, T., Marti, I, Ventura, F.,
Jovancié, P., Jabucar, D., "Occurrence and
fate of emerging wastewater contaminants
in Western Balkan Region." Sci. Total
Environ., 2008, 399, 66-77.

Watkinson, A.J., Murby, E.J., Costanzo,
S.D., "Removal of antibiotics in
conventional and advanced wastewater
treatment: Implications for environmental
discharge and wastewater recycling."
Water Res., 2007, 41, 4164-4176.
Le-Minh, N., Khan, S.J., Drewes, J.E.,
Stuetz, R.M., "Fate of antibiotics during
municipal water recycling treatment
processes." Water Res., 2010, 44, 4295-
4323,

Elmolla, E.S., Chaudhuri, M.,
"Photocatalytic degradation of amoxicillin,

ampicillin and cloxacillin antibiotics
in aqueous solution using UV/TiO;
and  UV/H;0,/TiO,  photocatalysis."

Desalination., 2010, 252, 46-52.

Gonzalez, O., Sans, C., Esplugas,

S., "Sulfamethoxazole abatement by
photo-Fenton. Toxicity, inhibition and
biodegradability assessment of

intermediates." J. Hazard. Mater., 2007,
146, 459-464.

Avisar, D., Primor, O., Gozlan, 1., Mamane,
H., "Sorption of sulfonamides and
tetracyclines to montmorillonite clay."
Water. Air. Soil Pollut., 2010, 209, 439—
450.

Wang, Z., Pan, B., Xing, B., "Norfloxacin
sorption and its thermodynamics on surface
modified CNTs." Environ. Sci. Technol.,
2010, 44, 978-984.

Kim, Y., Bae, J., Park, J., Suh, J., Lee, S.,
Park, H., Choi, H., "Removal of 12 selected

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

pharmaceuticals by granular mesoporous
silica SBA-15 in aqueous phase." Chem.
Eng. J., 2014, 256, 475-485.

Liu, Z., Zhou, X., Chen, X., Dai, C., Zhang,
J., Zhang, Y., "Biosorption of clofibric acid
and carbamazepine in aqueous solution by
agricultural waste rice straw." J. Environ.
Sci., 2013, 25, 2384-2395.

Kebede, T.G., Mengistie, A.A., Dube, S.,
Nkambule, T.T.I., Nindi, M.M., "Study on
adsorption of some common metal ions
present in industrial effluents by Moringa
stenopetala seed powder." J. Environ.
Chem. Eng., 2018, 6, 1378-1389.

Kebede, T.G., Dube, S., Nindi, M.M.,,
"Fabrication and characterization of
electrospun nanofibers from moringa
stenopetala seed protein." Mater. Res.
Express., 2018, 5, 125015.

Schwarz, J., Thiele-Bruhn, S., Eckhardt,
K.-U., Schulten, H.-R., "Sorption of
Sulfonamide Antibiotics to Soil Organic
Sorbents:  Batch  Experiments  with
Model Compounds and Computational
Chemistry." ISRN Soil Sci., 2012, 2012,
1-10.

Bidgood, T.L., Papich, M.G., "Plasma
and interstitial fluid pharmacokinetics of
enrofloxacin, its metabolite ciprofloxacin,
and marbofloxacin after oral
administration and a constant rate
intravenous infusion in dogs." J. Vet.
Pharmacol. Ther., 2005, 28, 329-341.
Sanli, N., Sanli, S., Ozkan, G., Denizli, A.,
"Determination of pKa values of some
sulfonamides by LC and LC-PDA methods
in acetonitrile-water binary mixtures." J.
Braz. Chem. Soc., 2010, 21, 1952-1960.
Leo, A., Hansch, C., Elkins, D., "Partition
coefficients and their Uses." Chem. Rev.,
1971, 71, 525.

Shi, H., Yang, Y., Liu, M., Yan, C., Yue, H.,
Zhou, J., "Occurrence and distribution of
antibiotics in the surface sediments of the
Yangtze Estuary and nearby coastal areas."
Mar. Pollut. Bull., 2014, 83, 317-323.
Heibrt, B.J., Dorsey, J., "mOctanol-Water
Partition  Coefficient Estimation by
Micellar Electrokinetic Capillary
Chromatography." Anal. Chem., 1995, 67,
744-749.

Qiang, Z., Adams, C., "Potentiometric

& &

15



http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Ali Hosseinian Naeini et al.

[66].

[67].

[68].

[69].

[70].

[71].

[72].

16

determination of acid dissociation
constants (pKa) for human and veterinary
antibiotics." Water Res., 2004, 38, 2874—
2890.

Yang, S.F., Lin, C.F,, Lin, A.Y., Hong,
PK.A., "Sorption and biodegradation of
sulfonamide antibiotics by activated
sludge: Experimental assessment using
batch data obtained under aerobic
conditions." Water Res., 2011, 45, 3389—
3397.

Asgari, E., Sheikhmohammadi, A.,
Yeganeh, J., "Application of the Fes;Os-
chitosan nano-adsorbent for the adsorption
of metronidazole from wastewater:
Optimization, kinetic, thermodynamic and
equilibrium  studies,” Int. J. Biol
Macromol., 2020, 164, 694-706.
Gholamiyan, S., Hamzehloo, M.,
Farrokhnia, A.H., "RSM optimized
adsorptive removal of erythromycin using
magnetic activated carbon: Adsorption
isotherm, kinetic modeling and
thermodynamic studies." Sustain. Chem.
Pharm., 2020, 17, 100309.

Abukhadra, M. R, Refay, N.M., Nadeem,
A., El-Sherbeeny, A.M., Ibrahim, K.E.,
"Insight into the role of integrated
carbohydrate polymers (starch, chitosan,
and B-cyclodextrin) with mesoporous silica
as carriers for ibuprofen drug; equilibrium
and pharmacokinetic properties." Int. J.
Biol. Macromol., 2020, 156, 537-547.
[70] Jafari, Z., Rad, A.S, Baharfar, R.,
Asghari, S., Rabbani Esfahani, M.,
"Synthesis and application of chitosan/
tripolyphosphate/graphene oxide hydrogel
as a new drug delivery system for
Sumatriptan Succinate." J. Mol. Liq., 2020,
315, 113835.

Ahamad, T., Naushad, M., Al-Shahrani,
T., Al-hokbany, N., Alshehri, S.M.,
"Preparation of chitosan based magnetic
nanocomposite for tetracycline adsorption:
Kinetic and thermodynamic studies." Int. J.
Biol. Macromol., 2020, 147, 258-267.
Tran, T.V., Nguyen, D.T.C., Le, H.T.N., Vo,
Dai-Viet.N., Nanda, S., Nguyen, T.D.,
"Optimization, equilibrium, adsorption
behavior and role of surface functional
groups on  graphene  oxide-based
nanocomposite towards diclofenac drug."

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

J. Environ. Sci., 2020, 93, 137-150.
Abukhadra, M.R., Refay, N.M., El-

Sherbeeny, @ M.A, Mostafa, A.M,,
Mohammed, Elmeligy, A., "Facile
synthesis of bentonite/biopolymer

composites as low-cost carriers for 5-
fluorouracil drug; equilibrium studies and
pharmacokinetic behavior." Int. J. Biol.
Macromol., 2019, 141, 721-731.
Zottowska-Aksamitowska, S., Bartczak, P.,
Zembrzuska, J., Jesionowski,T., " Removal
of  hazardous  non-steroidal  anti-
inflammatory  drugs from aqueous
solutions by biosorbent based on chitin and
lignin." Sci. Total Environ., 2018, 612,
1223-1233.

Oliveira, A.D., Larocca, N.M., Paul, D.R.,
Pessan, L.A., "Effects of mixing protocol
on the performance of nanocomposites
based on polyamide 6/acrylonitrile-
butadiene-styrene blends." Polym Eng Sci.,
2012, 52, 1909-1919.

Burova, T.V., Grinberg, VY.,
Grinberg, N.V., Dubovik, A.S., Tikhonov,
V.E., Orlov, V.N., Plashchina, I1G.,
Alvarez-Lorenzo, C, Khokhlov,
A.R., "Biodegradable thermoresponsive
oligochitosan nanoparticles: Mechanisms
of phase transition and drug binding-
release." Int. J. Biol. Macromol., 2020,
164, 1451-1460.

Ezz El, Arab, A., Abbas, O.A.
Abdelrahman, M.T. "Effect of Different
Garlic Preparations on Testosterone,
Thyroid Hormones, and Some Serum Trace
Elements in Rats." Biol Trace Elem Res.,
2022, 200, 1274-1286.

Yoon, Y.H., Nelson, J.H., "Application of
gas adsorption kinetics I. A theoretical
model for respirator cartridge service life."
Am Ind Hyg Assoc J., 1984, 45, 509-16.
Karri, R.R., Sahu, J.N., Jayakumar, N.S.,
"Optimal isotherm parameters for phenol
adsorption from aqueous solutions onto
coconut shell based activated carbon: error
analysis of linear and non-linear methods."
J Taiwan Inst Chem Eng., 2017, 80, 472—
87.

Kumar, K.V, Sivanesan, S., "Pseudo
second order kinetics and pseudo isotherms
for malachite green onto activated carbon:
comparison of linear and non-linear


http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Iranian Journal of Materials Science and Engineering, Vol. 20, Number 4, December 2023

[81].

[82].

[83].

[84].

[85].

[86].

[87].

[88].

[89].

[90].

[91].

regression methods." J Hazard Mater.,
2006, 136, 721-6.

Ng, J., Cheung, W., McKay, G,
"Equilibrium studies for the sorption of
lead from effluents using chitosan."
Chemosphere., 2003, 52, 1021-30.
Kapoor, A., Yang, R., "Correlation of
equilibrium adsorption data of condensible
vapours on porous adsorbents." Gas Sep
Purif., 1989, 3, 187-92.

Marquardt, DW., "An algorithm for least-
squares estimation  of  nonlinear
parameters." J Soc Ind Appl Math., 1963,
11,431-41.

Boulinguiezs B., Le, C.P., Wolbert,
D., "Revisiting the determination of
langmuir  parameters application to
tetrahydrothiophene  adsorption  onto
activated carbon." Langmuir., 2008, 24,
6420-4.

Ng, J., Cheung, W. McKay, G,
"Equilibrium studies of the sorption of
Cu(Il) ions onto chitosan." J Colloid
Interface Sci., 2002, 255, 64-74.
Salamatinia, B., Amouzgar, P., "A short
review on presence of pharmaceuticals in
water bodies and the potential of chitosan
and chitosan derivatives for elimination of
pharmaceuticals." J. Mol., Genet. Med.
2015, 4, 1-7.

Crini, G., Lichtfouse, E., Wilson, L.D.,
Morin-Crini, N., "Conventional and non-
conventional adsorbents for wastewater
treatment." Environ Chem Lett., 2019, 17,
195-213.

Song, Y., Sackey, E.A., Wang, H., Wang, H.
(2019) "Adsorption of oxytetracycline on
kaolinite." PLoS ONE., 2019, 14, 0225335.
Akhtar, J., Amin, N. A. S., & Shahzad, K.,
"A review on removal of pharmaceuticals
from water by adsorption." Desalin. Water
Treat., 2016, 57, 12842—-12860.

Michael, 1., Rizzo, L., McArdell, C. S.,
Manaia, C. M., Merlin, C., Schwartz, T.,
Dagot, C., Fatta-Kassinos, D., "Urban
wastewater treatment plants as hotspots
for the release of antibiotics in the
environment: a review." Water Res., 2013,
47, 957-995.

Baccar, R., Sarra, M., Bouzid, J., Feki, M.,
Blanquez, P., "Removal of pharmaceutical
compounds by activated carbon prepared

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

from agricultural by-product." J. Chem.
Eng., 2012, 211-212, 310-317.

Serrano, D., Suarez, S., Lema, J. M., Omil,
F., "Removal of persistent pharmaceutical
micropollutants from sewage by addition
of PAC in a sequential membrane
bioreactor." Water Res., 2011, 45, 5323—
5333.

Ioannidou, 0O., Zabaniotou, A.,
"Agricultural residues as precursors for
activated carbon production—A review"
Renew. Sust. Energ. Rev., 2007, 11, 1966—
2005.

Allahbakhshi, M., Mahmoodi, N.M.,
Mosaferi, M., Kazemian, H., & Aslani, H.,
"Synthesis of functionalized metal-organic
framework  metal-organic = framework
(MIL-53)/Chitosan for removing dye and
pharmaceuticals." Surf. Interfaces., 2022,
35, 102471.

Ahmed, M.A., Ahmed, M.A., Mohamed,
A.A., "Removal of 4-nitrophenol and
indigo carmine dye from wastewaters by
magnetic copper ferrite nanoparticles:
Kinetic, thermodynamic and mechanistic
insights." J. Saudi Chem. Soc., 2023, 27,
101748.

Praipipat, P., Ngamsurach, P., Khamkhae,
P., "Iron (III) oxide-hydroxide modification
on Pterocarpus macrocarpus sawdust beads
for direct red 28 removal." Arab. J. Chem.,
2024, 17, 105514.

Rabeie, B., Mahmoodi, N.M., Mahkam,
M., "Morphological diversity effect of
graphene quantum dot/MIL88A (Fe)
composites on dye and pharmaceuticals
(tetracycline and doxycycline) removal." J.
Environ. Chem. Eng., 2022, 10, 108321.
Rabeie, B., Mahkam, M., Mahmoodi,
N.M., Lan, C.Q., "Graphene quantum dot
incorporation in the zeolitic imidazolate
framework with sodalite (SOD) topology:
Synthesis and improving the adsorption
ability in liquid phase." J. Environ. Chem.
Eng., 2021, 9, 106303.

Rabeie, B., Mahmoodi, N.M.,
"Hierarchical ternary titanium dioxide
decorated with graphene quantum dot/ZIF-
8 nanocomposite for the photocatalytic
degradation of doxycycline and dye using
visible light." J. Water Process. Eng., 2023,

54, 103976.
o
B ol v



http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html

[ Downloaded from csc.iust.ac.ir on 2025-12-24 ]

[ DOI: 10.22068/ijmse.3385 ]

Ali Hosseinian Naeini et al.

[100]. Rabeie, B, Mahmoodi, N.M,,

"Heterogeneous MIL-88A on MIL-88B
hybrid: A promising eco-friendly hybrid
from green synthesis to dual application
(Adsorption and photocatalysis) in
tetracycline and dyes removal." J. Colloid
Interface Sci., 2024, 654, 495-522.

[101]. Hoseinzadeh, = H.,  Bakhtiari, M.,

18

Seifpanahi-Shabani, K., Oveisi, M.,
Hayati, B., Rabeie, B., Ghaheh F.S.,
Salmani, R., Ullah, H., Mahmoodi, N.M.,
"Synthesis of the metal-organic framework
—Copper oxide nanocomposite and LED
visible light organic contaminants (dye and
pharmaceutical) destruction ability in the
water." Mater. Sci. Eng. B., 2021,274,
115495.



http://dx.doi.org/10.22068/ijmse.3385
https://csc.iust.ac.ir/ijmse/article-1-3385-en.html
http://www.tcpdf.org

