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ABSTRACT

The adsorption ability of Salvadora persica (Miswak) root powder was tested as a green biosorbent
for the removal of barium and strontium from wastewater and radioactive wastes. The structure of
the powder SP(M) and its chemical properties were characterized and evaluated by Fourier trans-
form infrared spectrometry and scanning electron microscope morphology. The adsorption efficiency
has been investigated as a function of pH, contact time, adsorbent dose, and initial metal ions con-
centration. The experimental data were analyzed using equilibrium isotherm, and kinetic models.
The isotherm data agreed fairly well with Langmuir and Freundlich isotherm models. According to
the Langmuir isotherm model, the maximum adsorption capacity was sufficiently high compared
with many of the previously reported adsorbents and found to be 34.97 and 41.49 mg/g for Ba(II) and
Sr(Il), respectively. Miswak proved to be suitable and efficient biosorbent, environmentally friendly,
cost-effective, and obtained from naturally and widely grown trees in many parts of the world.

Keywords: Removal of barium and strontium; Adsorption; Salvadora persica (Miswak); Radioactive
waste; Wastewater.

1. Introduction over long distances. The aquatic organisms tend to accumu-
late barium compounds in their bodies over time, which can
cause undesired effects [3]. Strontium is absorbed by the
human body and tends to accumulate in the liver, lungs, and
kidneys. Excessive amounts may cause oxygen shortage,
anemia, and in the worst case, cancer, because of the dam-
age to the genetic material in body cells [4]. Strontium-90
(*Sr) has been considered as one of the highly-concerned
radioactive hazards since the Fukushima nuclear event
in 2011 [5-7]. Due to its chemical similarity to calcium

Radioactive waste resulting from many applications of
radionuclides in industry, agriculture, medicine, research,
and nuclear reactors has a negative impact on human
health and the environment [1]. Barium and strontium
ions are the most toxic radionuclides present in relatively
large amounts in radioactive liquid wastes arising from the
reprocessing plants [2]. Both ions are bone-seeking elements
and have carcinogenic effects. Barium compounds dissolve
easily in water, thus they have a great potential to spread
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and ease of mobility, *Sr causes a great threat to human
beings and other life-forms [8]. Many barium compounds
are released during some industrial processes, readily dis-
solve in water, and are found in lakes, rivers, and streams.
Because of their water-solubility, barium compounds can
spread over great distances. When fish and other aquatic
organisms absorb barium compounds, barium will accumu-
late in their bodies [9]. On the other hand, barium forms
insoluble salts with other common species in the environ-
ment, such as carbonate and sulfate, and thus decrease its
mobility and poses little risk. Barium compounds that are
persistent in the environment usually remain in soil sur-
faces, or in the sediment of water soils [10]. Small amounts
of water-soluble barium compounds may cause some dis-
eases such as breathing difficulties, increased blood pres-
sures, heart rhythm changes, etc. [10,11]. Consequently,
effective and simple methods are needed for the removal
of these compounds before disposing of their wastes in an
aquatic system [2].

Various methods and techniques have been developed
for the removal of Sr(II) and Ba(Il) from aqueous solu-
tions, including chemical precipitation [12], adsorption
[13], ion exchange [14] and separation by membranes [15].
Adsorption has been established as an effective and eco-
nomical technology to concentrate and remove contam-
inants from aqueous phases and soils. In this e process,
contaminants are separated from the aqueous phase and
immobilized in a suitable adsorbent from which they can
safely be disposed of or recovered [16,17]. Varieties of adsor-
bents including pecan shell-based activated carbon, alginate
microsphere, natural clays, inorganic-organic hybrid com-
posites, porous silica, and polymers have been suggested for
the removal of Sr(II) and Ba(II) in aqueous solutions [18-23].

Salvadora persica (SP(M), Arak, Galenia asiatica, Meswak,
Mis-wak, Peelu, Pilu, is a popular teeth cleaning stick com-
monly used in Arab and Muslim countries. The fresh leaves
of the plant are eaten as part of a green salad and utilized in
traditional medicine [24]. The wood of the Salvadora persica is
used for charcoal and firewood, the mustard bush is used as
drought-resistant fodder for cattle and the seeds are used to
extract a detergent oil [25,26].

The organic part of SP(M) sticks of consists mainly of
cellulose, hemicelluloses, and lignin. The lignin content in
the pulp is higher than its content in the outer layers [27].
The inorganic part provides strong evidence that the miner-
alogy of the content depends on the geography of the sam-
ple’s regions [27]. SP(M) was used for the removal of some
organic dyes [28,29] and heavy metals (e.g., lead, cadmium,
copper, and nickel) [30].

The present study describes the removal of Ba(Il) and
Sr(Il) from aqueous media and Ba and *Sr radioac-
tive radionuclides from radioactive waste solutions using
SP(M) powder as a green bioadsorbent, under batch con-
ditions. The adsorption equilibrium data for the binary
component system were analyzed using Langmuir and
Freundlich isotherms. The separation method was also
extended to remove '®Ba and *Sr radioactive radionuclides
from radioactive wastes. A comparison with data obtained
with some previously used adsorbents revealed a significant
efficiency of SP(M) for the removal of barium and strontium
compounds from wastewater and radioactive waste.

2. Experimental
2.1. Materials

All the chemicals used were of analytical grade and were
obtained from Sigma-Aldrich located at St. Louis, MO, USA.
Synthetic stock solution of Sr(NO,), and Ba(NO,), were pre-
pared in deionized water (Millipore Super Q system with
resistivity of 18.2 MQ) located at Akishima, Japan. Nitric
acid and sodium hydroxide solutions were used to adjust
the solution to the desired pH. The raw SP(M) was obtained
from Mekka, Saudi Arabia. The sticks of SP(M) were washed
with deionized water, dried at 105°C for 24 h., and blended
in a blender. The SP(M) powder was sieved to obtain adsor-
bent with particle size between 90 and 250 um. All solu-
tions resulted from the equilibrium experiment studies,
were filtered off through a 0.45 um membrane filter and the
filtrate was analyzed.

2.2. Instrumentation

Thermo Scientific/Dionex ICS-1100 ion chromatography
(IC) system was used for Ba(Il) and Sr(II) determination.
An Orion digital pH/mV meter (model SA 720) in conjunc-
tion with a combination glass electrode (Orion 81-02) was
used for all pH measurements. Fourier transform infrared
(FTIR) spectrometry was carried out with a Thermo-Nicolet
model iS10. The surface micro-morphology of materials
was investigated using a Jeol-JSM-1200EX II scanning elec-
tron microscope (SEM). The gamma-ray of '**Ba has been
measured radiometrically by high resolution (7.5%) Nal(Tl)
detector model 802-3X3, Canberra, USA, and the beta ray
of *Sr was measured using liquid scintillation analyzer
TRI-CARB model (2700TR series).

2.3. Adsorption kinetic study
2.3.1. Effect of contact time

Aliquots (20.0 mL) of 25 mg/L Ba(Il) and Sr(II) ion
solutions were added to conical flasks containing 0.15 g of
SP(M). The mixtures were agitated at a speed of 150 rpm
at 25°C for different time periods (15, 30, 60, 90, 120, and
150 min). The SP(M) was separated by filtration, and Ba(II)
and Sr(II) contents in the filtrate were determined using IC.
The percentage removal (R, %) was calculated according to
the following equation:
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where R is the percent removal of Ba(Il) and Sr(II), C, and
C, are the initial Ba(II) and Sr(II) concentrations and C, is the
final equilibrium Ba(II) and Sr(II) concentrations (mg/L).

2.3.2. Effect of sorbent dosage

Portions of SP(M) ranging from 0.05 to 0.25 g were
transferred to different 25 mL flasks. Aliquots of 20.0 mL
Ba(II) and Sr(II) solution (25.0 mg/L) were added. The flasks
were capped and placed in a shaking bed for continuous
equilibration for 1 h. The contents of each flask were filtered
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off using a 0.45 pum filtration membrane and the filtrate
was subjected to IC or radiometric analysis.

2.3.3. Effect of solution pH

Solutions containing 20.0 mL of 25 mg/L of Ba(Il)
and Sr(Il) were prepared and transferred to the flasks.
Concentrated HNO, and NaOH solutions were used to
adjust the initial pHs from 3.0 to 10.0 followed by the
addition of 0.15 g portions of SP(M) and the mixtures were
left to equilibrate for 1 h at 25°C.

2.3.4. Effect of initial metal concentration

Three 20.0 mL aliquots of Ba(Il) and Sr(II) solutions
with initial concentrations at 10, 15.0, 20, and 25.0 mg/L
were separately mixed with 0.15 g SP(M) powder in coni-
cal flasks at 25°C. The mixtures were allowed to equilibrate,
filtered through a 0.45 um filtration membrane and their
metal contents were measured by IC.

2.4. Adsorption isotherms study

Adsorption isotherms were obtained with different ini-
tial concentrations of Ba(Il) and Sr(II) while maintaining
SP(M) dosage at a constant level. In order to correct for any
adsorption of Ba(Il) and Sr(II) on the container surface, con-
trol experiments were carried out in the absence of SP(M).
These experiments indicated that no adsorption by the
container walls was detected. In all experiments, the differ-
ence between the initial Ba(Il) and Sr(II) concentrations (C))
and the equilibrium concentrations (C)) was calculated and
used to determine the adsorptive capacity (g,) as follows:

%
q, —;(Co -C,)mg/g @)

where V, is the total volume of tested solution (L), m is the
mass of adsorbent used (g); C, is the initial concentration of
the Ba(Il) and Sr(II) solution (mg/L); and C, is the residual
Ba(II) and Sr(II) concentrations (mg/L).

The linear model, which describes the accumulation of
solute by sorbent as directly proportional to the solution
concentration is presented by the relation:

9. =KpC, ©)

The constant of proportionality or distribution coefficient
K, is often referred to as the partition coefficient.

The Langmuir model represents one of the first theoret-
ical treatments of non-linear sorption and has been success-
fully applied to a wide range of systems that exhibit limiting
or maximum sorption capacities. The model assumes
uniform energies of adsorption onto the surface and no
transmigration of the adsorbate in the plane of the surface.

The Langmuir isotherm is given by:

Q°bC, @)
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where Q°and b are Langmuir constants related to adsorp-
tion capacity and energy of adsorption, respectively [31,32].
Eq. (4) is usually linearized by inversion to obtain the follow-
ing form:
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Eq. (5) is equally used to analyze batch equilibrium data
by plotting 1/g, vs. 1/C, which yields a linear plot if the data
conform to the Langmuir isotherm. The essential character-
istics of Langmuir isotherm can also be expressed in terms
of a dimensionless constant separation factor or equilibrium
parameter (R,), which is defined by Eq. (6) [33].

R, = L
1+0C,

(6)

where C, is the initial solute concentration and b is Lang-
muir’s adsorption constant (L/mg). The R, value confirms
the adsorption to be unfavorable (R, > 1), linear (R, = 1),
favorable (0 <R, <1) or irreversible (R, = 0) [34].

Freundlich isotherm is the most widely used non-linear
sorption model and is given by the general form:

9. =K.C; )

where K, relates to sorption capacity and n to sorption
intensity. The logarithmic form of Eq. (7) given below is
usually used to fit data from batch equilibrium studies:

logg, =logK, +llogCB 8)
n

3. Results and discussion
3.1. Influence of adsorbent dose

The removal percentages of Ba(Il) and Sr(II) by SP(M)
were studied at adsorbent doses of 0.05, 0.1, 0.15, 0.20, and
0.25 g. Initial metal concentration and temperature were
maintained at 25 mg/L and 25°C. The results of the depen-
dence of Ba(II) and Sr(II) sorption on the amount of SP(M)
dose are shown in Fig. 1. It can be seen that, an increase in
the sorbent concentration causes an increase in the Ba(ll) and
Sr(Il) adsorption. In general, the number of sites available
for adsorption increases with the increase in adsorbent dos-
age and reaches a maximum at the highest adsorbent dose.
Also, the available sites for the adsorption increase with the
increase of the adsorbent dosage [35], probably because a
fixed adsorbent dose can only adsorb a certain amount of
adsorbate. Therefore, the more the adsorbent dosage, the
larger the quantity of adsorbate that can be adsorbed [36].

3.2. Influence of contact time

The adsorption of Ba(Il) and Sr(II) on SP(M) was stud-
ied as a function of shaking (contact) time ranging from
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30-150 min, whereas other parameters were kept constant.
The removal percent of Ba(Il) and Sr(Il) by SP(M) increases
with the increase of shaking time (Fig. 2). At the start, the
ions adsorbed and occupied selectively the active sites on
the SP(M). As the contact time increased the active sites on
the adsorbents become saturated and the rate of adsorption
gradually decreases to reach a plateau.

3.3. Influence of pH

It is well documented that the adsorption process is
influenced by the pH of the test solution, which affects
the surface charge of the adsorbent and the degree of ion-
ization of adsorbate. Fig. 3 shows the effect of pH on the
adsorption efficiency of SP(M) towards Ba(Ill) and Sr(II)
ions. A sharp increase of Ba(Il) and Sr(II) adsorption was
observed between pH 3.5 and 6, then it slightly increased
above pH 7. This behavior is due to the zero net surface
charge of the adsorbent (pHpzc) which was found to be
around pH 6. At a pH above 7, the surface of the SP(M)
becomes negatively charged, which enhances the adsorp-
tion of positively charged Ba(Il) and Sr(II) ions through the
electrostatic force of attraction. At pH value lower than 6,
the surface of the adsorbent becomes positively charged,
inhibiting the adsorption of Ba(Il) and Sr(II) ions due to the

920

»

85

80

x 75

——5Sr
——Ba

Removal, %
ua o o N
a 6 «u o

0 0.05 0.1 0.15 0.2 0.25
Adsorbent dose, g

Fig. 1. Effect of adsorbent dosage on the removal of Ba(Il) and
Sr(II) by SP(M). Conditions: C, 25 mg/L; time of contact, 60 min;
pH, 7; and temperature, 25°C.
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Fig. 2. Effect of contact time on the removal of Ba(Il) and Sr(II)
by SP(M). Conditions: C, 25 mg/L; adsorbent dose, 0.15 g; pH, 7;
and temperature, 25°C.

electrostatic repulsion between the adsorbent and adsor-
bate. Furthermore, at low pH levels, H' ions compete with
Ba(Il) and Sr(Il) cations for the same adsorption site. In
addition, the solution pH could greatly affect the activity of
adsorbent functional groups. The dissociation of the acidic
functional groups of the adsorbent is minimal at lower
pH values and hinders binding of the Ba(II) and Sr(II) ions.

3.4. Effect of Ba(II) and Sr(1I) concentrations

The effect of initial Ba(Il) and Sr(II) concentrations on
the adsorption capacity of SP(M) was studied in the range of
10-25 mg metal/L. The temperature was maintained at 25°C
and an adsorbent dose of 0.15 g/L were used (Fig. 4). The
amount of Ba(I) and Sr(I) adsorbed on the SP(M) increased
with the increase of initial concentration of Ba(Il) and Sr(II)
until reaching the equilibrium state, where the adsorbent
active sites become saturated.

3.5. Adsorption isotherm

Adsorption isotherms are essential tools to investigate
the nature of the adsorption process and play a vital role
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Fig. 3. Effect of pH on the removal of Ba(ll) and Sr(Il) by

SP(M). Conditions: C, 25 mg/L; adsorbent dose, 0.15 g; and
temperature, 25°C.
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and Sr(II) onto SP(M).
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in the determination of the maximum adsorption capacity.
Adsorption isotherms also used to estimate the economic
viability of an adsorbent for commercial success. Various
adsorption isotherms such as Langmuir and Freundlich
models [37,38] were studied in this work to determine the
adsorption capacity of the SP(M).

3.5.1. Ba(Il) adsorption isotherms

Langmuir model assumes that maximum adsorp-
tion corresponds to a saturated monolayer of adsorbate
molecules on the adsorbent surface. A linear plot (Fig. 5)
of specific adsorption (1/g,) against the equilibrium con-
centration (1/C)) with the correlation coefficient of 0.9997
(Table 1). The calculated Langmuir monolayer adsorption
capacity was found to be 34.97 mg/g. The value of dimen-
sionless separation factor (R, = 0.909), is between 0 and 1,
indicating that adsorption of Ba(Il) onto SP(M) is a favor-
able process (Fig. 5).

The Freundlich model is commonly used to describe
heterogeneous systems. The Freundlich parameter 1/n =
0.9437 obtained from the plot (Fig. 6 and Table 1) falls
between 0 and 1 suggesting that the adsorption is linear and
uniform throughout the adsorbent surface. Based on the
R? values obtained from various isotherms studied in this
work, the best-fitted adsorption isotherms were in the order
of prediction precision: Langmuir > Freundlich isotherms
and their corresponding R? values are 0.9997 and 0.9993.

0.9 y=9.075x +0.024
R?=0.999
0.8
0.7 y =7.976x + 0.028
0.6 R?=0.999
&
0.5
= —e—5r(ll)
0.4
—&—Ba(ll)
0.3
0.2
0.1
0
0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

1/c,
Fig. 5. Langmuir isotherm plot of Ba(Il) and Sr(II) adsorption
on SP(M).

Table 1
Adsorption isotherm parameters for Ba(II) and Sr(II) adsorption
on SP(M)

Model Parameter Ba(II) Sr(II)

Langmuir Q° (mg/g) 34.97 41.49
b (L/mg) 0.0040 0.0027
R, 0.9090 0.9377
R? 0.9997 0.9999

Freundlich K [(mg/g)(L/mg)' 0.138 0.117
1/n 0.9437 0.9630
R? 0.9993 1
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3.5.2. Sr(Il) adsorption isotherms

Fitting of Sr(Il) adsorption data to the Langmuir
model (Fig. 5) resulted in a correlation coefficient of 0.9999
(Table 1), indicating the suitability of the model. The mono-
layer adsorption capacity calculated was 41.49 mg/g. The
value of dimensionless separation factor (R, = 0.9377), is
between 0 and 1, which indicates that adsorption of Sr(II)
onto SP(M) is favorable.

Freundlich parameter 1/n = 0.9630 obtained from the
plot (Fig. 6 and Table 1) falls between 0 and 1 which suggests
that the adsorption is uniform throughout the adsorbent
surface. Based on the R? values obtained from various
isotherms studied in this work, the best-fitted adsorption
isotherms were in order: Freundlich > Langmuir isotherms
and their corresponding R? values are 1 and 0.9999.

3.5.3. Adsorption mechanism

The results obtained indicated that the adsorption of
Sr(Il) onto SP(M) was higher than Ba(II). The difference in
the adsorption capacity is probably due to the adsorption
mechanism, and metal selectivity based on ionic radius and
electronegativity. The ionic radius influences the adsorp-
tion rate of the metal ions. The adsorption capacity for the
metal ions increases with decreasing the ionic radii [39].
A higher ionic radius of Ba(II) (1.48 A) than Sr(II) (1.28 A)
[40] explains the lower adsorption capacity for Ba(II) when
compared with Sr(Il). Steric and overcrowding at the
adsorption sites occur with larger radius barium ion [41].
The diffusion of metal ions with smaller radii (barium)
is comparatively faster than the ions with a larger radius
(strontium). Similar trends with ions having different ionic
radii have been reported [42,43]. The adsorption of metal
ions with higher electronegativity is higher than those
with lower electronegativity. The electronegativity is Sr(II)
(1.0) is greater than Ba(II) (0.9). Thus, adsorption of Sr(II) is
higher when compared with Ba(II).

An additional factor that could be considered, is the
hydrolysis of metal ions. The hydrolysis equilibrium reaction
can be expressed as:

M?* +H,0 == MOH" + H* ©)

MOH" +H,0 = M(OH), +H" (10)

y =0.943x - 0.859
R*=0.999

y=0.963x - 0.932
R?=1

log q,
o
S
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—e—sr(ll)
——Ba(ll)

1 1.05 11 1.15 1.2 1.25 13 1.35 1.4 1.45
log C.
Fig. 6. Freundlich isotherm plot of Ba(II) and Sr(Il) adsorption
on SP(M).
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The hydration enthalpies of the metals, Ba(II) = -1,309 kJ/
mol, and Sr(Il) = -1,446 kJ/mol, indicate that Ba(Il) has a
higher tendency to hydrolyze and form hydroxide as com-
pared with Sr(II) [43]. As the adsorption takes place after
hydrolysis, the metal ions available for binding with the
negatively charged functional groups of the adsorbent are
lesser in the case of Ba(Il) compared with Sr(II).

The mechanism of removal of Ba(Il) and Sr(Il) from
aqueous solutions by using SP(M) can be explained (Fig. 7)
by three sequential steps: (i) migration of both ions from the
bulk test solution to the SP(M)’s surface through the liquid
film (external diffusion or film diffusion) due to the con-
centration gradient between the bulk solution and the pore
surface, (ii) migration of both ions from the SP(M) surface to
the interior part (pores) of the SP(M) to reach the end of the
pore (internal diffusion or particle diffusion or intra-particle
diffusion) due to the concentration gradient between the
pore mouth and pore end, and (iii) finally, attachment of
both ions to the end of the pore through the adsorbent -OH
and COOH active sites by adsorption and/or ion exchange.
Here, the actual physical and/or chemical adsorption
occurs, with ion exchange/complexation reactions.

FTIR analysis of SP(M) before and after adsorption of
Ba(Il) and Sr(Il) was also conducted and shown in Fig. 8.
FTIR measurement of SP(M) powder showed the presence
of the following functional groups: stretching vibration of
OH groups (3,400-3,900 cm™), C-H bonds stretching due to
alkynes (2,000-2,400 cm™), stretching of C=O group due to
presence of carboxylic acid, lactone, aldehyde, and ketones
(1,700-1,800 cm™, NH group (1,515 cm™), C=C stretching
of aromatic rings (1,500-1,556 cm™), and C-O linkage that
might be due to ether or phenols (1,000-1,300 cm™).

(iii) Adsorption

amd
Ton exchange

(ii) Particle Diffusion

— $— « (i) Film Diffusion

Ba(Il) & Sr(I)

Fig. 7. Adsorption mechanism for the removal of Ba(II) and Sr(II)
from aqueous solution by SP(M).
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The spectrum of SP(M) after separation of Ba(ll) and
Sr(Il), displayed almost the same bands with a noticeable
increase in the % transmittance without variation in the loca-
tions of the bands. This means an interaction occurs between
the adsorbate and the metal ions with a change in dipole
moment which causes intensification of the absorption
bands.

The surface morphology of SP(M) powder was inves-
tigated by SEM at a magnification of 1500. The SEM
images of SP(M) are shown in Fig. 9. The microstructure of
SP(M) image showed that the surface contains small pores
probably used for uptake of Ba(ll) and Sr(II). Also, the
microstructure of SP(M) showed that the cells are nearly
spherical in shape.

3.6. Application of SP(M) for removal of radioactive '*Ba and *°Sr

The adsorption experiment for radioactive '*Ba and *Sr
was carried out by the addition of SP(M) to a solution of
the stable Ba(Il) and Sr(II) metal ions followed by spiking
with ¥Ba (3448 Bq/L) or *Sr (13421 Bq/L) radionuclide.
The pH of the solution was adjusted at pH 7, shaken for
1 h at ambient temperature (25°C), centrifuged, filtered
off through 0.45 mm filter paper followed by radiometric
monitoring of *Ba and *Sr ions at intervals of time. Under
the same condition the supernatant from the previous step
(first cycle) was kept for the second cycle using freshly
prepared SP(M). Two cycles were needed for the complete
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Fig. 8. FTIR spectra of SP(M), (a) before and (b) after contact with
Ba(II) and Sr(II) solutions.
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Fig. 9. Scanning electron micrograph (SEM) of SP(M), (a) before and (b) after contact with Ba(Il), and Sr(II) solutions.
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removal of both radioactive Ba and *°Sr. This decrease
in uptake may be due to the blocking of some active
sites on exposure to ionizing radiations [2]. These results
clearly reveal that SP(M) has reasonable stability towards
radiation damage (Table 2).

3.7. Advantages and comparison with other reported adsorbents

A comparison of the capacity of different previously
reported adsorbents with the suggested SP(M) towards
the adsorption and removal of Ba(ll) and is given in
Table 3. Based on the precursor material used, the adsorp-
tion capacities vary, mostly because of the differences in
the chemical compositions, the method of activation, and
the mechanisms of adsorption [44]. It can be seen that the
adsorption capacity of SP(M) towards Ba(Il) (34.97 mg/g)
and Sr(IT) (41.49 mg/g) is much better than many of those
previously recommended adsorbents. The availability,
cost-effectiveness, and performance of SP(M) make it
an economically and environmentally friendly potential

Table 2

S.S.M. Hassan et al. / Desalination and Water Treatment 192 (2020) 306-314

bioadsorbent for Ba(II), and Sr(IT) removal from wastewater
and radioactive waste.

4. Conclusions

The present study deals with the use of the root pow-
der of Salvadora persica tree, known as Miswak SP(M), for
the removal of Ba(Ill) and Sr(Il) from aqueous solutions
and radioactive wastes. The major components of SP(M)
powder are carboxyl, hydroxyl, and nitrogen-containing,
functional groups. The nature of the material allows cap-
turing of Ba(Il) and Sr(Il) ions efficiently due to the active
sites and pore structure. The adsorption performance was
strongly affected by some experimental parameters such
as pH of the test solution, adsorbent dosage, contact time,
and initial Ba(Il) and Sr(II) concentrations. The maximum
sorption capacity is 34.97 and 41.49 mg/g for Ba(Il) and Sr(II)
ion, respectively. The results demonstrate that the separation
process is due to both ion exchange and adsorption mixed
mechanisms. The suggested SP(M) adsorbent powder offers

Percentage removal of **Ba and *Sr radionuclide from synthetic radioactive samples by SP(M) sorbent (volume = 15 mL, SP(M)

dosage = 0.15 g, conc. =25 ppm, pH =7, contact time = 1 h)

Activity before (Bq/L) Activity after (Bq/L) R%
133Ba removal
First cycle 3,448 1,963 43.06
Second cycle 1,963 300 91.3
Sr removal
First cycle 13,421 8,306 38.1
Second cycle 8,306 2,327 82.66

Table 3
Adsorption capacity of various adsorbents for the adsorption of Ba(Il) and Sr(II)
Adsorbent pH Contact Q. mg/g .
time, min.paqpy sr(m) et

Dolomite powder (anhydrous calcium magnesium carbonate) 5.5 120 3.96 117 [3]
Activated sericite (micas, made of muscovite) 7-9 30 - 1.60 [4]
Expanded perlite (natural siliceous volcanic rock) 6.0 90 248 1.14 [9]
MXene (two-dimensional inorganic compounds) 67 120 9.30 - [45]
Aerobic granules (biomass) 6.2 120 - 37 [46]
Root tissue powders 6.5 - - 12.89 [47]
Mn-Zr mixed hydrous oxide 4.1 180 - 30.86 [48]
Activated carbon 4 720 - 444 [49]
Pecan shell based activated carbon 6.0 - 3.33 8.80 [50]
NaZTS (Na—Zn-5n-S quaternary metal sulfide nanosheets) 2-12 5 - 40.4 [51]
Sericite (micas, made of muscovite) 3 60 - 21.41 [52]
Sodium trititanate whisker 5 180 - 8.37 [53]
Synthetic allophane (hydrous aluminum silicate clay mineraloid) 8.5 120 38.6 34.4 [54]
Sea shell (Donax trunculus) 6.0 - - 25.45 [55]
Hydroxyapatite (calcium phosphate mineral) 694 60 - 2.37 [56]
SP(M) (miswak powder) 7 60 34.97 41.49 This work
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significant advantages over many of the previously reported
adsorbents. It is cost-effective, green material with high
adsorption capacity suitable for fast removal of Ba(Il) and
Sr(IT) ions from wastewater and radioactive wastes.
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