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Phosphates are key pollutants contributing to water eutrophication. This study
investigated phosphate removal from wastewater using cost-effective adsorbents:
autoclaved cellular concrete (ACC) and pumice stone (PS). Adsorption experiments
at pH 3 and 9 were analyzed with Langmuir and Freundlich isotherms, and kinetic
data were evaluated using pseudo-second-order and Langmuir-Hinshelwood models.
Results showed adsorption efficiency depends critically on pH, with Freundlich
isotherm (R2 = 0.90+0.97) better describing the heterogeneous adsorbent surfaces
compared to Langmuir (R2 = 0.82+0.92). Kinetics aligned with the pseudo-second-
order model. Both materials proved effective for phosphate removal, offering
practical solutions for wastewater treatment.

Keywords: Phosphate adsorption; Wastewater; Sorption capacity; Pumice stone;
Autoclaved cellular concrete

1. Introduction

The presence of large amounts of phosphate ions in the water resources has
become a major concern, especially in the context of global climate change which
accentuates the decay of water quality and the water scarcity. Low amounts of
phosphate ions are needed for the development of living organisms in water
environments. However, water resources are threatened by the discharge of waste
waters (industrial or urban) with an important load of phosphate ions, waters
coming especially from wastewater treatment plants, infiltration through the
excessive use of fertilizers, the discharge of industrial waters and deposition from
the atmosphere. This results in an excess of phosphate ions that cannot be
assimilated by the living organisms from the receiving waters. An increase of the
bioavailability of phosphate ions will enhance the algae development [1]. Without
any measure taken, the algae blooming will eventually lead to the process of water
eutrophication [2]. The eutrophication decreases the water quality as a source of
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drinking water. The cost of water potabilization is significantly increased because
of supplementary steps introduced by using a low-quality water source [3].

In the last years, because of the decreasing of availability of water resources,
new legislation with stricter maximum allowed levels of phosphate in effluents was
introduced. According to the European legislation, three directions must be
followed (i) a good management of fertilizer used for soils amendment, (ii) reducing
the levels of P in wastewater and (iii) implement the phosphate ions recovery and
reuse [4]. Phosphate ions recovery from wastewater allows them to sustainably
provide mineral resources of phosphate ions and avoid water eutrophication. The
limit values of phosphorus in discharged effluents as given in the laws adopted by

the European Parliament are given in Table 1.
Table 1
Limit values (according to European directives) of phosphorus loading in municipal and
industrial wastewater.

Quality indicator M.U. Limit values Reference
Total phosphorus | mg/L 1 Council Directive
for regions with p.e. (population 91/271/EEC of 21 May
equivalent) between 10 000 and 1991 concerning urban
100 000 waste-water treatment [5,
2 6]
for regions with p.e. higher than
100 000

Note: European regulations often refer to the concentration of total phosphorus (P) in mg/L, rather than indicating the
concentration of phosphate ions directly. To convert these values into terms of phosphate ions (PO+*"), the ratio of molar
masses is used: which means that 1 mg/L P =~ 3.06 mg/L PO+*".

Implementation of the use of P free detergents starting with the year 2000
has contributed to the reducing of the residual P loading in urban wastewater [7].
Work still needs to be done concerning the adequate use of fertilizers and the
management of agricultural waste (manure) from farms [8-10].

The methods used to reduce the phosphate content in effluents in wastewater
treatment plants are applied to sewage and sludge. These methods include
precipitation [11], crystallization [12, 13], adsorption [14], electrochemical
methods [15], membrane separation [16] and biological methods [17, 18].
Depending on the phosphate ions concentration in the effluent and the removal
method, an initial step of sewage concentration may be needed to make phosphate
ions recovery efficient. Among the above-mentioned methods, adsorption is highly
efficient, can be applied to a large range of concentrations and depending on the
adsorbent material can have a lower cost [19, 20]. The adsorbent materials must be
very porous (large specific surface area), have a good adsorption capacity towards
phosphate ions, easily available, low cost, non-toxic [21]. The possibility of reuse
of the adsorbent with the removed phosphate ions makes adsorption a very good
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method to be applied in the context of circular economy applied to phosphate ions
[22].

Thew aim of this work is to evaluate the feasibility of using easily available
adsorbents in phosphate removal from waste waters. For that we have tested two
materials: pumice stone (PS) and autoclaved cellular concrete (ACC), for phosphate
removal from aqueous solutions. The effect of experimental conditions e.g. pH (3
or 9), initial phosphate concentration and the contact time, were presented. The
selection of these two pH values allows for the observation of adsorption behavior
under typical conditions for: acidic waters, such as those polluted by the mining or
chemical industries, and basic waters, such as those resulting from certain industrial
processes or improperly treated effluents. By comparing the results at these two pH
values, the optimal operating range of the adsorbents can be determined, and
recommendations can be made regarding potential pH adjustment steps in practical
applications. The results were interpreted using adsorption isotherms (Langmuir
and Freundlich) and kinetic models (first order and pseudo second order Langmuir-
Hinshelwood models). Depending on the pH, phosphate ions exist in different ionic
forms: HsPOs (pH < 2), H:PO4™ (pH = 2-7), HPO+*" (pH = 7-12), and PO+*~ (pH >
12). In the present study, at pH 3, H.PO4™ is predominantly removed, while at pH
9, HPO+* 1is targeted. These transformations justify the selection of the two pH
values.

Results have shown that both materials have better adsorption capacity of
phosphate in acidic conditions (pH = 3).

2. Materials and Methods

2.1. Materials and reagents

2.1.1. Pumice stone material

Pumice is a natural material of volcanic origin [23], successfully used in the
adsorption of different pollutants (e.g. nitrate, ammonium, heavy metals, humic
acid, dyes etc) from aqueous systems [24-28]. It can be used as an adsorbent or as
a support for other materials in adsorption processes [29]. Pumice was purchased
from Forster's Natural Products - Made in Germany. The chemical composition of
the PS was performed by XRF (X-ray Fluorescence) analysis (using a X-ray
fluorescence spectrometer — MiniPal PW4025) and the results are presented in
Table 2.

Table 2
Chemical composition of PS
Compound Si0, ALO3 Fe,O3 CaO MnO Others
Concentration % | 51.26 14.84 3.16 28.08 0.099 2.54

The XRD patterns for initial PS sample and for PS after being kept at pH =
3 are given in Fig. 1 and confirm the crystalline structure of the material presenting
sharp peaks. The XRD spectra of initial PS sample shows three main components
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(xCaO SiO2 zH»0, Si0> and K»CasSi4O15). The sample that was kept at pH = 3
(Fig. 1b) in the presence of phosphate ions shows same phase rearrengements and
the presence of five components (xCaO SiO; zH>0, SiO2, Mn,03, K3(MnH4)H,
Mg>P>07).

According to International Union of Geological Sciences (IUGS), the
magmas are classified in fresh and alterated. The fresh rocks are classified
depending on their character in acidic, intermediate, basic, and ultrabasic, while for
the alterated ones no classifications criteria are advised [30]. The properties of
pumice stone are derived from its composition (the majority component is SiO2)
and its highly porous structure developed during the evacuation of gases through
the lava in the cooling process of the lava. They give the material a light weight
with a stable mechanical structure [31].
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Fig. 1. XRD patterns of PS (a) initial material, (b) at pH =3

The mechanical and the durability of PS are so good that it has been also
included as an additive in the materials used for old building repairs [32]. In
addition, it is also a very stable material from a chemical point of view (it does not
release secondary pollutants when in contact with water), which makes it a good
candidate in adsorption operations. Another advantage is linked with the material
availability and its low price. In addition, there are studies that have indicated that
pumice stone is an ideal support for metal impregnation on its surface [33-35]. This
makes very interesting to study the ability of pumice stone to remove pollutants
from wastewater [27, 36-38].

The specific surface was determined by the Brunauer-Emmett-Teller (BET)
method. The samples were adsorption-desorption isotherms were obtained at 77 K
with an Autosorb™! Quantachrome Instruments analyzer. The specific surface of
initial PS sample used in our experiments is 16.38 m?/g (and the average pore size
is 11.3 nm) which slightly higher than previous values reported in the literature [28,
38, 39]. The value of the sample at acidic pH (3) is slightly higher than the initial
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sample, 20.96 m?/g (and average pore size 9.3 nm) indicating some pore structure
modifications at lower pH.

2.1.2. Autoclaved Cellular Concrete

Autoclaved cellular concrete (ACC) is a construction material, included in
the category of lightweight concrete. It is manufactured from various mixtures of
sand, cement, lime, water [40, 41]. It has a good mechanical strength and high
specific surface area given by the porous structure obtained via gas releases during
the manufacturing process [42, 43]. Like the PS, ACC does not release hazardous
compounds when it is put in contact with the water [44]. All this and the relatively
low price mean that ACC also stands as a good candidate for use in the adsorption
of dangerous compounds from wastewaters [45].

The XRD patterns for initial ACC sample and for ACC after being kept at
pH = 3 are given in Fig. 2. The sharp peaks in the XRD patterns confirm the
crystalline structure of the ACC material. The XRD spectra of initial ACC sample
shows four components (Ca2S104, Si02, Mgo.06Cao.94CO3 and Al,O3). The sample
that was kept at pH = 3 (Fig. 2b) in the presence of phosphate ions shows same
phase rearrangements and the presence of five crystalline components (CazSiOq4,
Si02, Mgo.06Ca0.04CO3, MgHPO4 -H20 and Cao.05Alo.1S11.904).

The chemical composition of the ACC sample as determined by XRF
analysis is given in Table 3. Like in the case of PS, the main oxide is SiO2, followed
by CaO and AOs.

Table 3
Chemical composition for ACC
Compound SiO; ALOs Fe 03 CaO MnO Others
Concentration, % 61.01 13.05 2.93 21.73 0.078 1.2

The specific surface of initial ACC sample used in our experiments is 30.99
m?/g and average pore size 9.2 nm which is in agreement with previously reported
values [46, 47].
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Fig. 2. XRD patterns of ACC (a) initial material, (b) at pH =3
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The value of the sample at acidic pH (3) is slightly lower than the initial sample,
23.86 m?/g and average pore size 9.6 nm indicating a slight reduction of number of
pores at lower pH.

2.1.3. Chemical Reagents

KH2PO4 were purchased from Sigma Aldrich (Merck KGaA, Darmstadt,
Germany). Natrium hidroxid (NaOH) and sulfuric acid (H2SO4) were purchased
from Sigma Aldrich (Merck KGaA, Darmstadt, Germany). All the materials were
analytical grade and were used.

2.2. Adsorption experiments

The batch adsorption studies were performed by mixing the solution containing
phosphate ions and the adsorbent, using a magnetic stirrer. The size of the adsorbent
material granules was between 0.063 and 2 mm.The retention of phosphate ions
from the solution was calculated as the difference between the initial concentration
and the concentration at different contact times. The amount removed per unit mass
of adsorbent (a;, mg/kg) at time "t" results from:

14
a,=(C,-C,)— (1)
m
The removed percentage of phosphate ions was calculated from:
rp =5 =C 100 )

0
Where a;, mg/kg is the amount of phosphate ions removed per unit mass of the
adsorbent at a given time, t; Co, mg/L is the initial concentration of phosphate ions
in the aqueous solution, C;, mg/L is the concentration of phosphate ions at time, t;
V, L is the volume of the solution.

2.2.1. Kinetic study
The kinetic experimental determinations were made on PS at two pH values

3 and 9 and at a mass ratio of solid:liquid phases of 1:10. The pH was corrected
with NaOH and H>SO4 solutions of 2M concentration. The samples were kept in
contact with KH>POs solutions of variable concentrations 10, 20, 40, 60, 80 and
100 mg/L, for variable times 2, 5, 10, 15, 20, 30, 40, 60 minutes under stirring at
200 rpm, and the suspension was vacuum filtered. The resulting aqueous extract
was analyzed according to SR ISO 6878:2005, Water quality — Determination of
phosphorus — Ammonium molybdate spectrometric method.

First order Langmuir-Hinshelwood model adsorption model was used to fit the
experimental data.

2.2.2. First order Langmuir-Hinshelwood model

To study phesphereus phosphate sorption rate in static conditions, it was used
a Langmuir first order kinetic model which considers the chemosorption process,
according to the following equation type [54]:
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k1
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Where Ce. is phosphate concentration in aqueous phase at equilibrium, mg/L;
amax 18 maximum capacity of phosphate adsorption in PS, mg/kg; a; is phosphate
content in the PS at time t, mg/kg; k; is adsorption process rate constant,
L/(mg-min); k> is desorption process rate constant, min™.

By changing the variables, equation (3) is linearized in the form:

4

y=AX,+BX,+C @)
. C
Where A:kl.amax; B:_klﬂ C :_kZ; Xl :a_e, X2 :Ce and
v
y=—.
a

t

3. Results and discution

3.1. Kinetic study

From the mathematical processing of the experimental data based on the
chemisorption model, the rate constants that describe the rapid and reversible
sorption of phosphate ions retention in mobile forms on the surface of the adsorbent
material (PS), were calculated. The variation of the amount of adsorbed phosphate
depending on the contact time was achieved under the given conditions: the
working pH was 3 and 9, the initial concentration of phosphate varied between 10-
100 mg/L, at a mixing speed of 200 rpm. The adsorption of phosphate ions from
aqueous solutions on PS was considerably influenced by the pH values. As pH
values increased from 3 to 9, the average phosphate ions removed decreased.

The kinetic parameters calculated by linear regression according to the
Langmuir-Hinshelwood first order mathematical model are presented in Table 4.

Table 4
Parameters of the Kinetic model
pH k1 k2 K amax R2
(mg_1 L-min”! ) (min” ! ) (mg/kg)
3 5.77 10'4 4.08- 10'2 1,348- 10-2 2205.46 0.9021
’ 5.79-107 381-107 | 1521072 | 139319 | 0.9049

Where K = ki/ks.

From the analysis of the kinetic parameters, it can be seen that adsorption
increases with decreasing pH, the maximum loading can be observed at pH = 3, for
all the concentration range. With the identified kinetic parameters graphical
representation of experimental and calculated data are shown in Figs. 3 to Fig. 6.



142 Gabriel Garleanu & co

The graphs that represent the data obtained according to the kinetic model
are decreasing curves, with a sharper decrease at the beginning of the process (about
10 minutes), then they flatten out, as a result of the lower intensity of the sorption
process.

From the point of view of pumice loading with phosphate ions, at pH = 3
the loading increases the most in the first 20 minutes, maximum 30 minutes, then
the increase of pumice loading with phosphate ions after this time becomes much
slower (Fig. 5 and Fig. 6). The graph showing the amount of phosphate removed at
different time intervals on the pumice stone indicates that the initial phosphate
removal increases with time but reaches a pseudo-equilibrium in time after 40
minutes. The process initially proved to be very fast and a large part of the total
amount of phosphate is removed within a few minutes for the two values of the
working pH. This may suggest that phosphate adsorption on pumice occurs through
interactions between the adsorbent surface and phosphate ions with formation of Al
and Ca phosphate salts.

At pH = 3 and at low initial concentrations of 10-20 mg/L, decreases to half
of the initial concentration after a time of sixty minutes, and at higher concentrations
decreases even more, to a third of the initial concentration. The most pronounced
decrease is at pH = 3, and at pH = 9 the concentration decreases approximately by
half (Fig. 3 and Fig. 4).

The maximum adsorption occurred at pH = 3, this being the optimal pH. In
addition, the data in Fig. 3 show that the removal efficiency increases with contact
time until it reaches equilibrium at about 60 minutes, then remains constant.
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Fig. 5. Variation of loading over time in the
concentration range 10+100 ppm phosphate in
the initial solution at pH = 3 (adsorption on PS).

Fig. 6. Variation of loading over time in the
concentration range 10+100 ppm phosphate in
the initial solution at pH = 9 (adsorption on PS)

Note: The points represent experimental data, and the line represents the calculated data according
to the mentioned model

As it can be seen from Fig. 3, the highest phosphate ions removal rate was
obtained at pH= 3. This can be explained by the fact that the pH of the solution
influences both the surface charge of the PS and the nature of the phosphate ion (the
degree and form in which the phosphate ion is dissociated). The effect of pH for the
adsorption of the phosphate ion on the adsorbent surface can be associated with the
relationship between pH and the electrical charge of the adsorbent surface.

Phosphate ions dissociation at different pH values [55].

Phosphate ions dissociate with pH in the following order:

K K K
HyPO, <5 H,PO; + H* < HPO}~ + 2H* —— PO}~ + 3H* (10)

The explanation can be attributed to the pH dependent solubility of iron
and manganese oxides: at a pH lower than 6 iron and manganese oxides adsorb the
phosphate ion from the solution. At pH lower than 8, adsorption takes place by ion
exchange mechanism through the hydrolysis products of phosphate ions
(H,PO; si HPO}).

From the study of the speed variation over time (Figs. 7 and 8) it is found
that the adsorption process proceeds at a very high speed in the first five minutes,
but after 40 minutes the speed becomes almost zero, as a result of the saturation of
the exchange positions. The adsorption rate decreases over time. The speed
increases with increasing initial concentration of phosphate ions but has a similar
behavior after 40 minutes regardless of the initial concentration value.

Adsorption takes place not only through interactions between the adsorbent
and phosphate ions, but also through weak physical interactions between Al and
Fe oxides and the surface of the adsorbent. The loading increases with time and
decreases with increasing pH [21]. In a previously published study, it has been shown
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that phosphate containing compounds adsorbed on materials that contain both CaO
and Al,O3 promote the retention of phosphate by formation of AIPO4 [21].

140 4 140
120 - 120
100 4 100
E 80 £ 80
£ -
2 2
% 60 | 2 60
£ 5
s 40 40
20 NG "
0 == - : o
Ti % 40 50 60 0 10 20 30 40 50 60
ime, min Time, min
[~ 10 ppm —=—20 ppm ——40 ppm —+— 60 ppm —+—80 ppm —=—100 ppm | [« 10ppm —= 20ppm —«—40ppm —+ 60 ppm _—=—80 ppm =100 ppm |
Fig. 7. Speed variation in the concentration Fig. 8. Speed variation in the concentration

range 10+100 ppm at pH =3 (adsorption on PS) range 10+100 ppm at pH =9 (adsorption on PS)

Figs. 9 and 10 show the kinetic curves of constant speed at different
concentrations and loadings of the PS. Through the graphical representation of the
data obtained according to the model in the form of kinetic maps, two zones can be
distinguished: an adsorption zone corresponding to constant velocity curves with
positive values and a desorption zone corresponding to constant velocity curves
with negative values. The zero-order kinetic curve delimits adsorption and
desorption areas.
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Fig. 9. Kinetic map of phosphate sorption on Fig. 10. Kinetic map of phosphate sorption
PSatpH=3 onPSatpH=9

Analyzing the kinetic map of the sorption of phosphate ions on PS at pH =
3, it can be observed that: adsorption processes are predominant, desorption
processes take place with a very low intensity. At a constant loading of the PS with
phosphate, as the concentration increases, the speed of the process also increases.
From the analysis of the kinetic map of phosphate ions sorption on PS at pH =9, it
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can be observed that the desorption process intensifies more compared to pH = 3
and the adsorption processes decrease in intensity.

On the studied range of concentrations, both PS and ACC show higher
adsorption capacity towards phosphate ions adsorption then previously reported
studies [56]. Based on the quantities retained, phosphate adsorbed on either PS or
ACC could be used in agriculture as a fertilizer [57-59].

Phosphate speciation depends on pH and affects its adsorption behavior.
Maximum adsorption occurs at pH = 3, where H.POa™ is the dominant species. In
the pH range 2—8, phosphate adsorption is enhanced due to the positively charged
adsorbent surface, whereas at pH > 8, excessive OH™ ions compete with phosphate,
reducing its adsorption efficiency [60].

4. Conclusions

Water is an important resource that becomes even more valuable in the
actual context of climate change. Concentrations of phespherus phosphate ions in
water, higher than what the living organisms existing in the ecosystem can
consume, lead to the process of water eutrophication. This means that water quality
is severely affected and leads to significant increase of water treatment cost.

Wastewater (resulted from urban, industrial, and agricultural activities) is
the main source of phosphorous compounds. If it is directly discharged in the
ecosystem will decrease the water quality.

Two adsorbent materials have been tested for phosphate removal from
wastewater: pumice stone and autoclaved cellular concrete.

Characterization techniques of the two materials showed that they have
good specific surface and a crystalline structure.

Initial phosphate ions adsorption increases with time, but a pseudo-
equilibrium is reached in 40 minutes; the process initially proved to be very fast for
the two pH values that have been tested. This may suggest that adsorption takes
place via physical interactions initially; it is established that phosphate sorption on
pumice stone, over time, is a slow process, illustrated by the values of the relatively
small rate constants of these processes. It was found that the amount of phosphate
adsorbed depends on the pH of the solution, a lower pH increasing the adsorbed
amount for both tested materials. In this respect, the removal efficiency increases
from 9 % at a pH of 9 to 90 % at a pH of 3. These results were attributed to the fact
that the pH of the solution influences both the electrical charge of ACC and PS, and
the type of phosphate ions.

Based on calculated parameters phosphate adsorption is favorable on both
PS and ACC.

Adsorption occurs not only through interactions between the adsorbent and
phosphate ions, but also through physical interactions between AIPOs4 and the
surface of the adsorbent. The results of this study show that ACC and PS are
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effective adsorbents for the removal of phosphate ions from aqueous solutions. The
materials containing the phosphate ions could be used in fertilizers.

Limitations and perspectives

» Further testing on real wastewater containing mixtures of pollutants is still
needed to assess the performance of the materials under real operating
conditions. This study showed that PS (pumice stone) and ACC (autoclaved
cellular concrete) are effective in removing phosphate ions from synthetic
wastewater, especially in acidic pH conditions. However, to fully validate these
materials for real-world applications, tests must be conducted on complex
wastewater containing multiple contaminants. Adsorption might be inhibited
by competing ions in real wastewater (e.g., PO+*~, SO+*~, HCOs"), although the
presence of such competing ions was taken into account during the preparation
of the synthetic wastewater. The simulated composition for phosphate-
containing wastewater was as follows: PO+* (10-100 mg/L), NOs-N (20
mg/L), NH4* (30 mg/L), SO+* (100 mg/L), Cl~ (80 mg/L), HCOs™ (120 mg/L),
Na* (100 mg/L), Ca*" (75 mg/L), Mg** (30 mg/L), K* (20 mg/L), COD (250
mg/L), pH 7.2, conductivity (1,500 puS/cm).

» In practice, the pH of wastewater is often in the neutral to alkaline range (7-9),
where adsorption efficiency is lower compared to acidic conditions. This
limitation can be overcome either by a simple pretreatment step to adjust the
pH of the effluent or by enhancing the adsorbent materials through
functionalization with metal oxides or hydroxides (e.g., aluminum, iron). These
approaches can broaden the applicability of the materials under a wider range
of operational conditions. At the same time, they align with current trends in
the development of advanced phosphate removal technologies and provide a
valuable foundation for future research.

» Although this study did not include experiments specifically focused on
adsorption-desorption cycles, existing research suggests that materials like PS
(pumice stone) and ACC (autoclaved cellular concrete) can be regenerated
through alkaline or acidic washing, with minimal loss of capacity during the
first few cycles [27, 28]. Therefore, a key direction for future research is to
investigate the long-term durability of these materials over multiple cycles, as
well as to determine the optimal regeneration conditions. The focus should be
on maintaining adsorption capacity and preventing the release of metals into
the solution. This step is crucial for assessing the feasibility of using these
materials in continuous treatment scenarios, with an emphasis on both
economic and environmental sustainability [46, 47].

» The low cost of PS (pumice stone) and ACC (autoclaved cellular concrete)
gives them an advantage over methods like membrane separation or chemical
precipitation. Besides adsorption using materials like PS and ACC, there are
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other well-established methods for phosphate removal from wastewater, each
with its own specific advantages and limitations. Chemical precipitation, which
involves the use of iron, aluminum, or calcium salts, is effective and relatively
affordable, but it generates large volumes of residual sludge. Membrane
separation (such as ultrafiltration or reverse osmosis) offers high efficiency and
the ability to remove other contaminants simultaneously, but it comes with
significant costs related to energy use, fouling, and maintenance. Another
increasingly studied alternative is crystallization (e.g., forming magnesium
ammonium phosphate, or struvite), where magnesium, ammonium, and
phosphate ions form a solid precipitate that can be used as fertilizer [12-14, 19-
21]. This method enables resource recovery, but it requires precise pH control
(between 8-9) and an optimal molar ratio of Mg:N:P, which can make it more
expensive compared to simple adsorption. In this context, porous materials like
PS and ACC stand out for their low operational costs (€0.05-0.15/m?),
technological simplicity, and potential for integration into hybrid systems [58].
They can also serve as decentralized or complementary solutions depending on
the type of effluent and the treatment goals.

Pumice stone and autoclaved aerated concrete are promising sorbents for
the efficient removal of phosphates, contributing both to the treatment of acidic
waters—such as those polluted by mining or chemical industries—and basic waters,
such as those resulting from certain industrial processes or improperly treated
effluents, while also enabling phosphate ions recovery So make them excellent
candidates for integration into current wastewater treatment schemes—either as
standalone systems for decentralized treatment or as components in hybrid
processes.
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