¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2023.30105

314 (2023) 35-48
December

Manufacturing of cost-effective sorbent from by-product materials for treating
real and simulated groundwater contaminated with antibiotics

Layla Abdulkareem Mokif*, Ayad A.H. Faisal

Department of Environmental Engineering, College of Engineering, University of Baghdad, IQ-BG, 10071, Baghdad, Iraq,
emails: laila.mukheef2011d@coeng.uobaghdad.edu.iq (L.A. Mokif), ayad.faesal@coeng.uobaghdad.edu.iq (A.A.H. Faisal)

Received 21 August 2023; Accepted 29 October 2023

ABSTRACT

A novel adsorbent is synthesized from chicken bone wastes to support attempts to reuse them.
To prepare the nanoparticles of calcium-iron oxide, the calcium ions have been extracted from
chicken bones and combined with iron ions under specific conditions. Sodium alginate is used to
immobilize the nanoparticles through synthesizing calcium/iron oxide - sodium alginate beads
employed for tetracycline (TC) antibiotic adsorption. Batch experiments are conducted at a con-
tact time of 0-180 min, initial TC concentration of 100-250 mg/L, agitation speed of 50-250 rpm,
initial pH of 3-12, and beads dosage of 0.1-1.3 g/50 mL. The best vales for batch parameters are
90 min, 100 mg/L, 200 rpm, 7, and 1.3 g/50 mL, respectively. These conditions enable the beads to
remove 97.116% of TC with 8 mg/g as maximum capacity. The precise formulation of the kinetic
observations by the pseudo-second-order model indicates that the TC could be eliminated by chem-
ical forces. The characterization tests provide evidence that nanoparticles formed inside the beads
can support the sorption of TC, especially the particles that mainly consist of calcium-iron oxide.
The beads are capable of removing TC from real groundwater with an efficiency smaller than that
in the aqueous solution due to the presence of various chemicals.
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1. Introduction

Together with the issue of water scarcity, water pollu-
tion has emerged as a major global concern. It is common
knowledge that industry and agriculture consume the most
water. These economic sectors are expected to consume an
exponential amount of water in the coming years, which
will have a negative impact on the reserves and quality of
freshwater. In this regard, the world’s emerging economy
necessitates the implementation of novel planning for the
entire transition of the linear economy of the present to a
brand-new notion depending on the keeping and regrowth
of natural capital. As a result, the sustainable management
of water represents a continual challenge, especially due
to a number of parameters including the expanding global
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population, depletion of water resources, and, last but not
least, an expanding global demand for clean water, bio-
energy, and food. Hence, the removal of pollutants and
decontamination of the pollutant source requires rapid
and efficient actions [1-4]. Nowadays, controlling pollution
has grown to be a top priority for the society, since there
are numerous reasons for water pollution [5]. In industrial
wastewater, there are several types of contaminants such
as pharmaceuticals, dyes, phenols, pesticides, hydrocar-
bons, heavy metals, and others. Every nation’s economy
depends heavily on the pharmaceutical sector because phar-
maceuticals are so essential to survival and are so valuable.
Numerous pharmacologically active components are rec-
ognized in wastewater, surface-water, and groundwater at
levels that are detrimental to environmental safety. Also, the
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presence of pharmaceuticals at trace levels in the water cycle
and ambient environment (in the range from nano-grams to
micrograms per liter) has been widely explored and pub-
lished in the literature over the last decade [6,7]. Antibiotics
are among the medications with a high potential for harm
to the environment and reach the ambient not only through
the emissions from pharmaceutical and chemical indus-
tries but also primarily through livestock and sewage, as
between 25% and 75% of ingested medications are ejected
in unchanged shape after passage in the gastro-intestinal
tract [8].

Tetracycline (TC) is the most widely used antibi-
otic worldwide. TC is produced by actinomycetes and is
effective against the gram-negative and the gram-posi-
tive bacteria in addition to a board of bacterial illnesses.
Tetrahydrobenzene derivatives having a dibasic tetraphenyl
base structure are known as TC. Tetracycline antibiotics are
composed mostly of TC, oxytetracycline, and chlortetracy-
cline [9]. Because of its widespread usage in agriculture,
livestock, human disease prevention, and TC contamination
is becoming an increasing global hazard to terrestrial and
aquatic biodiversity [10].

Tetracycline’s excessive usage by humans and animals,
along with its poor capacity to decompose, has made it a
severe environmental danger. Tetracycline may accumulate
in the food chain, be hazardous to the microbial popula-
tion, promote the emergence and spread of antibiotic resis-
tance, endanger the safety of irrigation and drinking water,
and alter the ecology of the bacteria in the human intestine
[11]. Tetracycline contamination in the aquatic environment
is mostly caused by the overuse of this antibiotic in human
and animal medicine and its usage in agriculture as a growth
promoter [12]. Hospitals, the pharmaceutical sector, house-
hold sewage, and livestock farming are the main sources of
TC and all contribute to the buildup of TC in wastewater
systems [13]. Tetracycline consumption by humans glob-
ally is about 23 kg/d [14]. Each year, Britain manufactures
438 tons of antibiotics, of which 228 tons, or 52% of the total,
are produced as TCs. The production of TCs in China, which
accounts for 46% of all antibiotic output, is estimated to be
97,000 tons [15].

Antibiotic concentrations in the aquatic environment
have been removed using a variety of approaches, includ-
ing biological treatment and membrane technology, coagu-
lation—flocculation, advanced oxidation processes, artificial
wetlands, and adsorption [16-19]. The physico-chemical
properties of the tetracycline, the properties of the sorbent,
and the environmental variables, such as temperature and
the presence of other chemicals, all affect the degree and rate
of the degradation process. Due to adsorption and desorp-
tion, leaching, drainage, absorption by crops, dispersion, and
volatilization, the tetracycline may migrate from one phase
to another throughout the degradation process in the aquatic
environment. Additionally, during this transportation via
transformation mechanisms like hydrolysis, photocatalytic
degradation, bioremediation, oxidation, and reduction, the
structure of TC may change to a different structure [20].

Adsorption is an effective method that has proven its
efficiency in comparison to other treatments of wastewa-
ter [21-23]. This technique has numerous benefits; spe-
cifically [24,25]: (i) it used to treat hazardous metals and

organic species; (ii) its adaptability in design and operation;
(iii) the needed area is smaller than a biological system’s.
Accordingly, many adsorbents like clay minerals, wastes
of bark, peat, fly ash, byproducts generated from available
industries, wood powder, sludge of metal hydroxide, and
agricultural wastes, can be used to remediate the water
polluted with various kinds of chemical species [26]. Due
to applications of nanoparticles (NPs) in specialized fields
including medicine, cancer theranostics, biosensing, cataly-
sis, agriculture, and the environment, magnetic nanoparti-
cles (MNPs) in particular can be utilized as good sorbents for
removing of chemicals in wastewater remediation because
of their low-cost, higher surface area, and stability [27,28].
Alginate has valuable advantages due to its cheapness and
its ease of forming cross-linking with the solution of CaCl,
[29]. Calcium cations are capable of binding two carboxyl
moieties of guluronic residues in the alginate chains. It is a
natural product that can be considered inexpensive, biode-
gradable, non-toxic, biocompatible, and water-soluble. It has
been widely applied for the immobilization of nanoparticles
of TiO,, carbon nanotubes, activated carbon, and magne-
tite generating novel sorbents to eliminate chemicals from
wastewater [30]. The use of composite materials for pollut-
ant adsorption has been suggested to be more effective than
other methods due to their low-cost, simple design, accessi-
bility, and ability to capture pollutants [31].

Numerous materials used for TC adsorption such as
[Fe(IlI)@CNFs] dealing with the endothermic adsorption of
TCs and four adsorption mechanisms were found including
surface complexation between TC and Fe(Ill), electrostatic
interaction, hydrogen bonding, and van der Waals force [32].
Tetracycline antibiotics can be extracted from an aqueous
solution using graphene oxide (GO), which has the potential
to be an efficient sorbent and it was strongly deposited on
the GO surface by cation-n bonding and n—r interaction [33].
In tap water, river water, and pharmaceutical effluent, the
Cu-ZIF-8 adsorbent presented remarkable adsorption per-
formance toward TC, chemical adsorption was predominant
in the interaction of TC with Cu-ZIF-8. Cu-ZIF-8 adsorption
surface was uniform, according to adsorption kinetics and
isotherms analyses. Also, the adsorption of TC over Cu-ZIF-8
was exothermic and spontaneous, according to adsorption
thermodynamics [34]. The electrostatic interaction and ion
exchange of NH, groups and COOH on MIL-88A/g-C,N,
to TC are the most important mechanisms by which TC
is adsorbed on MIL-88A/g-C,N, [35]. The TC adsorption
occurred on the external surface of raw bentonite as well as
in the interlayer region, and it was controlled by both chem-
ical and physical mechanisms [36]. The adsorption efficiency
of Z-HAP-AA-1:3 was assessed in relation to the initial TC
concentration 50-400 mg/L, temperature 30°C-50°C, and pH
3-13 during removing TC in a batch procedure. The data
were most accurately represented by the Freundlich model.
The highest monolayer adsorption capacities of Z-HAP-AA
for tetracycline were, respectively, 186.09, 212.56, and
244.63 mg/g at 30°C, 40°C, and 50°C [37].

In addition to the significant contamination of the water
supply, the planet faces the problem of an increasing amount
of municipal solid waste (MSW) production, which is seri-
ously contaminating groundwater sources and soils [38,39].
Annually, the meat industry generates large quantities of
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bone waste reaching millions of tons worldwide. Reports
from the Organization for Economic Cooperation and
Development (OECD) state that meat production is expected
to rise by 40 million tons in the next few years, with 13% of
that growth coming from poultry meat. As a result, global
production of waste meat and bone meal will significantly
rise [40]. Bone contains both organic and inorganic compo-
nents. The main constituent of the inorganic part of the bone
is crystalline salt minerals in the form of calcium phosphate
compounds, which are frequently known as hydroxyapa-
tite. Researchers face a great challenge in converting such
raw wastes into nonconventional and effective sorbents
for eliminating chemicals from polluted water [41-43].

As a result, the novel aspect of the present research is
to extract calcium from the wastes of chicken bones which
can be prepared in large amounts from poultries, restau-
rants, homes, and food industrialization units. However,
the calcium ions can be reacted with iron to synthesize cal-
cium-iron oxide nanoparticles through precipitation, fol-
lowed by the use of sodium alginate to immobilize these
particles as beads. The particular objectives of this research
are: (i) synthesizing the novel adsorbent called the beads of
(calcium/iron oxide) - sodium alginate; (ii) investigating the
efficacy of these beads in the capturing of TC from an aque-
ous environment; (iii) identifying the suitable conditions
for suitable touch between prepared beads and adopted
antibiotic. The objectives can be accomplished by combin-
ing characterization investigations, and batch experiments,
with the formulation of experimental measurements by
equilibrium and kinetic models.

2. Materials and method
2.1. Chemicals and materials

In this research, TC antibiotic was the target contami-
nant. The stock solution of TC was prepared at room tem-
perature. The pH adjustment was performed by drops of
0.1 M NaOH and HCI. For detecting the TC concentrations,
a UV-visible spectrophotometer with a model of (Shimadzu
UV-1900i, Japan) can be utilized and the reading must be
taken at a wavelength of 357 nm [44,45]. Immobilization of
calcium/iron oxide nanoparticles can be achieved through
the application of sodium alginate (molecular weight of
2.5 x 10° g/mol, Sigma-Aldrich, USA).

2.2. Manufacturing of (calcium/iron oxide) - sodium alginate
beads

The wastes of chicken bones had been collected from
household waste and local restaurants. These wastes had
been soaked into hot water and washed with distilled water
(DW) to detach residual fat and the impurities; then, the
wastes must be grinded for obtaining certain distribution of
particle sizes. For the extraction purposes of calcium ions,
a specific amount of chicken bone wastes had been added
to an amount of 300 mL aqueous solution consisting of DW
and a certain concentration of hydrochloric acid (HCI %).
The mixture must agitate using a magnetic stirrer for 3 h at
ambient temperature. The aqueous solution enriched with
calcium ions could be separated from the residual waste

particles using the Whatman No. 1 filter paper. The process
of preparation requires dissolving a certain mass of FeCl, in
DW to obtain an aqueous solution of iron ions. It is neces-
sary to mix the two solutions of calcium and iron together
with various molar ratios of concentrations. Nanoparticles
of calcium/iron oxides can be obtained through the precip-
itation method by changing the acidity of the mixture [46].

Various values of pH 7, 8, 10, and 12 were used by adding
1 M NaOH to the mixture for obtaining an optimum value
of the acidity needed for synthesizing calcium/iron oxide
nanoparticles. The mixture must be stirred till approach-
ing the occurrence of heavy brownish precipitates which
can be separated using filter papers and then they must be
dried at a temperature of 85°C overnight. These dried mate-
rials had been rinsed several times with DW for removing
impurities and after that they had been annealed for 8 h at
a temperature of 200°C and then grinded manually for pro-
ducing nanoparticles powder of calcium/iron oxide. For syn-
thesizing beads of (calcium/iron oxide) - sodium alginate,
an amount of sodium alginate of 2 g should be dissolved
in one hundred milliliters of DW and the solution resulting
from this process should be stirred via a magnetic stirrer for
24 h at ambient temperature. The produced nanoparticles
of calcium/iron oxide had been mixed in different amounts
with a solution sodium alginate. For bead composing and
polymerization, the produced slurry had been added into
a solution of CaCl, with 0.1 M by means of 10 mL syringe.
The beads had been dried at 105°C with diameters of
(3-4) mm [47]. Fig. 1 depicts in details the steps of accom-
plishing the experimental work in the present study for pre-
paring the beads of (calcium/iron oxide) - sodium alginate.
The efficiency of TC removal is considered as the indicator
used to determine the satisfactory conditions, solution’s
pH, (Ca/Fe) molar ratio, and dosage of calcium-iron oxide
NPs that had been required for the synthesizing process.

Several analyses were performed to assess the sor-
bent characteristics. Alginate beads and calcium-iron oxide
nanoparticles have undergone X-ray diffraction (XRD)
analysis in order to identify the crystalline form. The XRD
was measured using the XRD Siemens model, D500, TGA-
DSC: STA500, (Germany). Fourier-transform infrared spec-
troscopy (FTIR) was employed to determine the functional
groups on the surface of the sorbent using Jasco 4200, Japan.
The scanning electron microscopy-energy-dispersive X-ray
spectroscopy (SEM-EDS) analysis was examined using
the ZEISS model: Sigma VP, EDS, and mapping: Oxford
Instruments, UK.

3. Batch experiments

Through a series of batch studies, the kinetic and equi-
librium of TC adsorption onto (calcium/iron oxide) - sodium
alginate beads have been investigated. These studies are
designed to identify the appropriate values of initial pH, agi-
tation speed, time, initial concentration (C), and bead mass
that necessary to remove the most molecules of adopted
antibiotic for selected C,. Several flasks have been prepared,
and each flask contains an amount of the simulated pol-
luted water (V) of 50 mL with a specific C. Polluted water
was combined with various masses of prepared beads ()
within the flasks that must agitate for 3 h at 200 rpm. After
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Fig. 1. Flow chart for preparation of (calcium/iron oxide) - sodium alginate beads used in this work.

finishing each test, the produced beads must be isolated from
the water by means of filter paper, and the concentration of
TC at equilibrium (C)) may be evaluated by a UV spectro-
photometer. Eq. (1) is applied in the estimation of the TC
quantity retained on the beads at the equilibrium (g,) based
on the differential between C and C,. The conditions of batch
experiments were C; of TC (100-250 mg/L), pH (3-12), time
(5-180) min, agitation speed (50-250) rpm, and dosage of
beads (0.1-1.3) g/50 mL. Eq. (2) can be employed to compute
the TC removal percentage (R%) [48].

C -C )V
m=u 1)

m

CU _CL’

R(%)= x100 )

0

4. Sorption data modeling
4.1. Equilibrium sorption isotherm

Mathematically, adsorption is defined using an equilib-
rium isotherm model that relates concentrations of chemi-
cal’s residues attached to the solid particles in water at the
equilibrium for certain temperature. The adsorption iso-
therm model [Eq. (3)] [49] used in this research is repre-
sented by the Langmuir model which is applied to determine
the highest sorption capacity (7., mg/g) corresponding to
the prepared sorbent.

max’

7...0C,
= max e 3
=1y bC, )
where b represents the sorbent particles - contaminant mole-
cules affinity (L/mg).

4.2. Kinetic models

The contaminant transfer rate from the aqueous solu-
tion to solid particles is very important to the design of a
proper sorption process [50]. Over the last two decades, the
majority of adsorption kinetic investigations have utilized
the two conventional models listed in Egs. (4) and (5) for the
formulation of kinetic datasets. These models are used in a
wide range of adsorption systems, including biomass and
nanomaterials as adsorbents, as well as heavy metals and
medicines as contaminants.

e DPseudo-first-order model: is popular formula [Eq. (4)]
applied to describe the rate of solute sorption [51]:

g,=q.(1-¢™)

where k, represents the rate constant for this model (1/min).
The parameters g, and g, (mg/g) are the amounts of solute
retained on the sorbent particles at time f and the equilib-
rium state, respectively.

4)

® Pseudo-second-order model: assumes that a single
layer of the solute adheres to the sorbent particles, that
the sorption energy cannot vary for each sorbent, and
that there is no sign of interaction between the sorbed
chemicals. It is written as in Eq. (5) [52]:

kq:t

(1+kyq,t) ©)

q9,=

where k, refers to the rate constant for second-order model
(g/mg-min).

® Intraparticle diffusion model: is
Weber-Morris:

developed by
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q, =k, " +C (6)

where k,_ refers to the rate constant for the diffusion model
(mg/gmin®) and the intercept value can be illustrated
by C [53].

5. Results and discussion
5.1. Calcium extraction

The extraction process of the calcium ions from the
wastes of chicken bones requires considering two affecting
factors which are the effect of the hydrochloric acid concen-
tration (HCI %) and the amount of bone wastes as illustrated
in Fig. 2. To identify the appropriate concentration of HClI,
20 g of the chicken bone’s waste was added to 300 mL of
solution composed of DW concentrated with 4%, 6%, and
10% of hydraulic acid. However, the results of these tests
are depicted in Fig. 2a. This figure certifies that the higher
acid percentage can extract more quantity of calcium ions
and the highest concentration of Ca (=6,317 mg/L) can pos-
sibly be determined at a greater percentage of HCl (=10%).
For specifying the best amount of bone waste that should
be employed, the wastes of 20 to 140 g had been added to
300 mL of a solution consisting of 10% of HCI and the out-
comes are explained in Fig. 2b. It is obvious that the increase

7 a) Effect of HCI percentage (bone mass=20 g)
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Fig. 2. Extraction of calcium ions from chicken bones wastes
under the effects of (a) HCI percentage and (b) mass of bone
wastes.

of waste mass from 20 to 120 g can associate with a remark-
able increase in the concentration of calcium ions extracted
from such waste with a range from 6,317 to 44,218 mg/L.
Hence, 10% HCI and 140 g of chicken bone’s waste can be
used to obtain greater values of calcium concentration
that is used in the preparation of the present sorbent.

5.2. Manufacturing of alginate beads

The pH of (Ca/Fe) solution, molar ratio, and the nanopar-
ticles mass of calcium/iron are adopted as the prime param-
eters that affect synthesizing (calcium/iron oxide) - sodium
alginate beads. The attained greatest efficiency for elimi-
nating TC from wastewater can be the suitable indicator
for selecting the suitable magnitudes for the parameters
of synthesis. The pH impact on the bead’s preparation had
been calculated in the extent from 7 to 12 and measure-
ments can be illustrated in Fig. 3a for (Ca/Fe) of 1, and cal-
cium/iron nanoparticles dosage of 1 g/100 mL. For this fig-
ure, the sorption tests are conducted with a bead mass of
0.5 g/50 mL, initial pH of 7, and C, of 100 mg/L for a con-
taminated solution, and speed of 200 rpm for a contact time
of 3 h. The maximum removal efficiency for TC of 38.77%
occurred at pH 10; however, the values of efficiencies at pH
7, 8, and 12 were 20.34%, 27.30%, and 36.18%, respectively.

The second group of experiments was conducted at pH
10 at the same nanoparticle’s dosage adopted previously
with changing the ratio of Ca to Fe in the range from 0.5 to
4. The outcomes of these sorption tests, conducted under
the same operational conditions as those used to investi-
gate the impact of pH, are depicted in Fig. 3b. It seems that
the maximum removal (38.77%) can occur at molar ratio 1;
however, the increase or decrease in the value of this ratio
from 1 can be accompanied with a remarkable decrease in
the removal percentage. The last parameter examined in
the formation of alginate beads was the nanoparticle dos-
age of (calcium/iron oxide) through the stabilization of pH
and (Ca/Fe) ratio at the best values specified previously.
Fig. 3c proves that the TC removal can increase due to the
variation of nanoparticle mass from 1 to 5 g and the high-
est removal can be detected at a dosage of 5 g.

5.3. Characterization of beads

The analysis via XRD had been exploited to determine
the patterns of diffraction corresponding to the beads which
were prepared from the oxides of iron and calcium with 26
values starting from 10° to 80°. Such an analysis validated
the formation of the nanoparticles produced from calci-
um-iron oxide. The phase identification process of calcium-
iron oxide is carried out by the search and match pro-
cess using the X'Pert HighScore Plus Software (Version 3).
Fig. 4a illustrates the XRD profile for the crystalline compo-
sition of alginate beads. Numerous diffraction reflections
were identified as shown in Fig. 4a. The active sites in the
alginate beads that are capable of removing TC out of an
aqueous solution are depicted by these reflections.

The FTIR spectra corresponding the produced beads
before and after the sorption of TC are plotted in Fig. 4b
taking into account the primary functional groups which
are enhancing antibiotic adsorption. This figure showed
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Fig. 3. Conditions for synthesis of alginate beads that used for
sorption of tetracycline from wastewater at pH 7, beads dos-
age 0.5 g/50 mL, speed 200 rpm, time 3 h, and C, =100 mg/L.
(a) Ca/Fe) molar ratio = 1, nanoparticles dosage = 1 g/100 mL,
(b) pH = 10, nanoparticles dosage = 1 g/100 mL, and (c) for
synthesis (pH =10, Ca/Fe =1).

that amides with (-OH) groups have experienced stretch-
ing vibrations that result in absorption bands of high-in-
tensity to form. The peaks for alginate beads have demon-
strated a strong and broad absorption band at a frequency
band of 3,550-3,200 cm™ which was induced via the
stretching vibration of the hydrogen bonds in addition to
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Fig. 4. (a) X-ray diffraction outcomes for crystalline composi-
tions of calcium/iron oxide nanoparticles and (b) Fourier-trans-
form infrared spectroscopy profile for prepared beads after
and before tetracycline adsorption.

stretching mode of OH groups. Peaks at 3,431.71; 2,924.52
and 2,847.38 cm™ correspond to OH and C-H stretching
vibrations, respectively. The 1,628.51 and 1,418.39 cm™!
peaks correspond to the stretching vibrations of O-H and
—COO-(symmetric), respectively. To some extent, the weak
bands taking place at 1,033 cm™ have been associated to
C-O stretching of C-O-H and COO- groups [54]. Stretching
vibrations of Fe-O including ferrite skeleton in addition
to Ca—O bonds correspond to the bands of absorption at
309.228, 442, and 564.077 cm™ [55,56].

SEM graphs can be used to describe the morphologi-
cal characteristics of produced beads after and before con-
tact with tetracycline, as illustrated in Fig. 5a and b. The
mean rod particle is shown in Fig. 5a and this figure shows
that the prepared sorbent’s porous surfaces have nonho-
mogeneous morphology at 200 nm magnification scales.
The surfaces might be incredibly compact and disordered.
The beads’ surface appears to be macroporous, allowing
oxyanions to be absorbed. There are noticeable morpho-
logical changes in the beads following the removal of TC
when compared to the sorbent before the sorption process.
Graphs of EDS may be used to characterize the magnitude
of change detected in the elemental percentages of the algi-
nate beads composition beyond the process of sorption
shown in Fig. 5¢ & d and Table 1. This table describes the
extraordinary rise in C content that occurs after TC sorption,
which validates the adsorption of such antibiotics.
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Table 1

Elemental percentages in the prepared beads before and after
sorption of TC as computed energy-dispersive X-ray spectros-
copy analysis

Element (%) Alginate beads Alginate beads loaded with TC

C 6.6 30.6
Na 23.7 7.1
Ca 10.5 8.1
Fe 15.6 4.3
Cl 22.3 11.5
©) 18.7 14.7
P 22 0

5.4. Batch experiments
5.4.1. Contact time

The crucial step in determining the contaminants dis-
tributed between the sorbent and solution phases in batch
research is the time that must be achieved in the equilib-
rium condition. The change in TC adsorption efficiency for
contact times up to 180 min at C 100 mg/L, beads dosage
of 0.5 g/50 mL, pH 7, and agitation speeds of 200 rpm is
plotted in Fig. 6a. The tetracycline antibiotic is removed at
a high rate at the beginning of the test, and the rate can be
reduced after 90 min because of the decrease in the vacant
sites [57,58]. The findings show that the TC sorption efficacy
was 51.52% at 90 min; however, there is no notable increase
in the removal percentages beyond this time till 180 min.

5.4.2. Initial concentration of TC

Fig. 6b illustrates that the removal efficiencies of TC are
affected greatly by the C, of adopted antibiotics. These effi-
ciencies were significantly lowered, from 51.52% to 38.88%
as a result of to vary of C from 100 to 250 mg/L, respec-
tively at 90 min, pH 7, sorbent dosage of 0.5 g/50 mL, and a
speed of 200 rpm. At lower concentrations, it is anticipated
that all TC molecules will interact with the available bind-
ing sites, which will undoubtedly result in a notable incre-
ment in the efficiency of sorption; however, a high number
of contaminant molecules due to an increase in concentra-
tion with specific grams of beads may result in a decrease
in this efficiency [59,60].

5.4.3. Agitation speed

A significant factor in the improvement of TC removal
is the speed of agitation. Fig. 6¢ depicts the effect of agita-
tion speed on removal effectiveness. It is observed that
when agitation speed increased, the removal efficiency of
TC increased. In fact, the high agitation speed accelerates
the diffusion of pollutants through alginate beads, allow-
ing for the development of appropriate interaction between
the contaminant and the sites of binding. Additionally,
the results showed that an agitation speed of 200 rpm was
sufficient to ensure maximum TC uptake, and there is no
obvious change in the removal after this value.

5.4.4. Initial pH

The solution acidity affects the charge of the bead’s
surface, ionization degree, and the functional group dis-
sociation; accordingly, it is considered as a prime factor in
the sorption of TC from an aqueous solution. Tetracycline’s
charges vary with solution pH; when the pH is below 4, the
protonation of the dimethyl ammonium group causes TC
to transform into a cation (TCH"). Tetracycline becomes a
zwitterion (TCHY) at pH 3.5-7.5 as a result of the phenolic
diketone moiety losing a proton. Tetracycline becomes an
anion (TCH- or TC?) at pH levels higher than 7 as a result
of the loss of protons from the tri-carbonyl system and phe-
nolic di-ketone moiety [61]. The removal efficiencies of TC
are plotted vs. various initial pH values, ranging from 3 to
12, as illustrated in Fig. 6d. The removal efficiency of TC was
low (31.99%) at pH 3.0 because the H' ions can compete with
molecules of this antibiotic. The sorption efficiency may be
shown to improve clearly as pH moves closer to neutral,
reaching values of at least 51.52% at pH 7. At neutral condi-
tions, the antibiotic’s hydration and ionization can decrease,
which can speed up the sorption by enhancing the n—r stack-
ing effect and hydrogen bonding. When the pH is close to
neutral, TC molecules are zwitterions, and as the pH rises,
increases the density of their negative charge. It is hypoth-
esized that the alginate beads and TC are most attracted to
one other when the neutral pH is compatible with the high-
est uptake of TC at pH 7.0. The deprotonated adsorbent
will produce electrostatic repulsion with the protonated
TC when pH is more than 7, which reduces the adsorption
performance. This results from the OH ions generation
which led to the attenuation in the bonding of hydrogen [62].

5.4.5. Point of zero charge (pH )

The pH at which the sorbent surface is neutral is known
as the point of zero charge. This means that the positive and
negative charges have equal amounts. The surface has posi-
tive charges for pH below this point; otherwise, the surface
will be having negative charges. The ionization mechanism
of functional groups and the pattern of their interactions
with chemical compounds in the solution can be hypothe-
sized using this phenomenon. By using the solid addition
method, the pHpZC of the adopted sorbent can be calculated,
and this value can be used to explain the removal process.
This method included the preparation of ten conical flasks
that were filled with a solution of NaCl (0.01 M) with vari-
ous values of pH ranging from 3 to 12, the dosage of beads
0.5 g, and the mixture must agitate for 48 h at 200 rpm. At
the end of the test, the final values of pH were measured
and the difference in pH between final and initial values
of pH (ApH) must be plotted with initial pH as expressed
in Fig. 6e. It is clear that the pH_ has a value of 7 which
leads to the highest removal of TC antibiotic. The prepared
adsorbent had positive charges at pH below 7 and negative
charges at pH above 7.

5.4.6. Adsorbent dosages

The impacts of beads grams on the TC sorption were
examined in the range from 0.1 to 1.3 g per 50 mL of solution
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in order to identify the optimum dose. According to Fig. 6f,
the TC removal efficiency can increase with higher mass of
the beads. This may be explicated by the fact that as algi-
nate beads dosage increased, the effective areas and the
sites number increased [63]. The removal efficiency ranged
from 16.01% at 0.1 g to 97.116% at the adsorbent mass of
1.3 g and the best dosage can be adopted at 1 g/50 mL.

5.5. Sorption kinetics

By “The Solver Tool in Microsoft Excel 2016”, kinetic
outcomes for the change of sorbed tetracycline vs. experi-
ment time were fitted using non-linear regression with Egs.
(5) and (6). The constants for models of kinetic obtained
in the fitting process are introduced in Table 2. The sum
of squared error (SSE) and determination coefficient (R?)
must be calculated to characterize the agreement degree
between mentioned models and experimental data, which
can be seen in Fig. 7a and Table 2. According to values of
R?=0.974 and SSE = 0.531, the pseudo-second-order model
is more practical for illustrating the sorption of TC onto
prepared beads. Additionally, the calculated value of TC
sorbed quantity (q,) is very close to the measured value (that
is equal to 5.491 mg/g) and this is another sign of the suit-
ability of the pseudo-second-order model to represent such
measurements. Accordingly, chemical forces may be the
prime cause for the elimination of adopted contaminants
from aqueous solutions. The values of k, and k, are used to
indicate how quickly the adsorption equilibrium is reached.
According to previous studies, the rate constants are always
inversely proportional to the solute’s initial [64,65]. The
present findings proved that the value of k, is less than that

Table 2
Kinetic variables for tetracycline antibiotic sorption onto algi-
nate beads

Model Factor Value
Pseudo-first-order q, (mg/g) 5.076
k, (min) 0.0741
R? 0.968
SSE 0.755
Pseudo-second-order q, (mg/g) 5.881
k, (min™) 0.0133
R? 0.974
SSE 0.531
Intraparticle diffusion Region 1
k., (mg/g-min®?) 0.777
R? 0.996
Region 2
k. (mg/g-min®?) 0.0873
R? 0.940
Region 3
k. (mg/g-min®?) 0.0306
R? 0.975

of k, which means the sorption reaction between TC and
beads needs more time to reach the equilibrium.

Eq. (6) in conjugation with Fig. 7b signifies the intra-
particle diffusion role in the TC elimination. This figure
demonstrates that the g, and t°° are related by linear rela-
tion; as a result, when the line passes in the origin, this dif-
fusion should occur and serve as the rate-limiting process.
Table 1 lists the constants of this linear that were computed
via linear fitting. However, it appears that the intercept for
this curve does not equal zero, indicating that there will be
additional processes operating in addition to intraparticle
diffusion. Three regions constitute the linear plot; the first
one is sharper and governed by the instantaneous or exter-
nal surface sorption; however, the second and third regions
can be changed gradually [66]. Using the Langmuir model;
the maximum sorption capacity of TC is 8 mg/g, indicating
that alginate beads have efficient capability of removing TC
antibiotic. Table 3 shows the current research outcome in
comparison with TC’s sorption capacities and removal effi-
ciencies for various materials from the available literature.

5.6. Desorption kinetics

For evaluating an adsorbent’s potential and efficacy, the
desorption properties must be investigated. With 50 mL of
water containing 100 mg/L of TC, 0.5 g of alginate beads

7 (a) Kinetics study
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w
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Fig. 7. Kinetic models for sodium alginate beads interaction

with water contained TC molecules (symbols: experimental

measurements and lines; fitted models). (a) Kinetics study and

(b) intraparticle diffusion study.
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Table 3

Current research outcome in comparison with TC’s sorption capacities for various materials from available literature
Sorbent g, (Mg/g) Removal efficiency (R %) References
Graphene oxide-magnetic particles 18.3 98% [67]
Hydroxyapatite/pumice composites 17.87 86% [68]
MnFe O,/rGO nanocomposite 41 - [69]
Re-generable pumice 3.345 80% [70]
Cobalt oxide 0.023 >20 [61]
a-Fe,0,/rGO 9.69 - [71]
Nano-magnetic walnut shell-rice husk 7.283 - [72]
Geo-materials 10 - [45]
Hydroxyapatite coated filter cake 43.534 295% [73]
(Ca/Fe)-LDH-sodium alginate 10.393 295% [47]
Ca,Fe,0,~Na alginate beads 8 97.11% This study
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Fig. 8. Desorption outputs for (calcium/iron oxide) - sodium
alginate beads.

was utilized. Adsorption outcomes at pH 7, 200 rpm, and a
contact time extension of 2,880 min are presented in Fig. 8.
The desorption tests were also carried out using deionized
water as the washing agent because it is a practical choice
to determine the amount of TC desorbed from the sorbent
loaded with TC. Results are shown in Fig. 8 where TC con-
centrations in the washing solution for a duration of up to
2,880 min have values no more than 0.0211 mg/L. These
outcomes certified the reliability of the prepared sorbent
in the containment of contaminant molecules for a long
duration of time; consequently, the exhausted beads can be
landfilled in sanitary locations.

5.7. Prepared beads for the removal of TC from real groundwater

The efficiency of prepared beads in the treatment of
groundwater samples contaminated with TC was examined.
The groundwater samples were collected from local wells
within the boundaries of Babylon Governorate-Iraq. Table 4
lists the characteristics of the collected groundwater and it
is obvious that the values of total dissolved salts and total
hardness are very high. The interaction of beads and real
groundwater is tested under the variation of time, sorbent

Table 4
Characteristics of real groundwater investigated in the current
work

Parameter Value
pH 7.4
Turbidity (NTU) 112
Total dissolved salts (mg/L) 4,062
Total suspended solids (mg/L) 18.4
ALK (mg/L) 286
Total hardness (mg/L) 2,760
Tetracycline (mg/L) 0

dosage, and initial concentration to evaluate the adsorbent’s
efficacy in the capturing of TC from such water. The adsor-
bent mass values were 0.1, 0.3, 0.5, 0.7, 1.1, and 1.3 mg/L,
while the TC concentrations have been implemented with
values of 100, 150, 200, and 250 mg/L for a time ranging from
30 to 180 min at an agitation speed of 200 rpm. Fig. 9 pres-
ents a comparison between the treatment efficacies of beads
in the remediation of groundwater and prepared solutions
contaminated with TC. The results revealed that the effec-
tiveness of the adsorbent in the case of groundwater was
less than that observed in the case of a simulated solution
prepared in the laboratory. The difference in efficiencies
may result from the presence of organic and inorganic con-
stituents in the groundwater that will compete with the TC
molecules to occupy the vacant sites of beads.

6. Conclusions

This study developed a novel adsorbent successfully pre-
pared from natural by-product wastes in order to remove
tetracycline from contaminated water. Calcium ions were
effectively extracted from chicken bones that must mix
with iron ions to form nanoparticles of calcium/iron oxide
through the precipitation process. The chicken bones are
produced in large quantities as solid waste and its utiliza-
tion can represent an effective application feasible for sus-
tainable subjects. The prepared nanoparticles-alginate beads
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have spherical shapes and batch tests were implemented
to determine the ability of such beads in the removal of
TC from simulated and real groundwater. The maximum
sorption capacity for prepared alginate beads was 8 mg/g
as calculated from the Langmuir equilibrium model. The
application of a pseudo-second-order model on kinetic data
means the chemical forces, or chemisorption are governed
by the TC removal. The prepared beads’ characterization
tests demonstrated the nanoparticle’s formation of calci-
um-iron oxide. The main recommendation for the present
study is to find the ability to use the prepared beads in the
permeable reactive barrier technique which considers the
in-situ method for remediating contaminated groundwater.
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