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ABSTRACT

Removal of potentially harmful phosphorus compounds from wastewater by adsorption
onto biosorbents is a cost-effective alternative to the conventional treatment methods. Raw
peat and peat modified with iron(III) hydroxy ions were used in this study to remove phos-
phate ions from synthetic solution and household wastewater. Interaction of iron(III) ions
with carboxylic groups of peat occurred during peat modification, which was confirmed by
the FTIR technique. The effect of the initial phosphate concentration, pH, contact time,
temperature, and ionic strength was studied in batch experiments. It was found that the
sorption capacity increased with the increasing temperature, i.e. the maximum sorption
capacity of the modified peat was 9.64 mg P/g at 2˚C and 11.53 mg P/g at 40˚C, respec-
tively, indicating the endothermic nature of the sorption. Besides, the Langmuir equation
was used to describe the sorption isotherms quantitatively. Given that the spent biosorbent
did not exhibit phytotoxicity and the concentration of heavy metals did not exceed the limit
values, the phosphate-saturated modified peat may be utilized as an organic fertilizer in
agricultural land application.
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1. Introduction

Excessive amounts of phosphorus compounds in
surface waters can lead to eutrophication, which is a
serious environmental problem in many countries
around the world. Eutrophication causes depletion of
oxygen, blooms of toxic algae, and degradation of
water quality [1,2].

Discharge of raw or treated domestic wastewater is
one of the main causes of eutrophication [3]. Therefore,
effective wastewater treatment methods, which ensure
efficient removal of phosphorus, must be used. When
traditional wastewater treatment methods—such as
biological treatment or chemical precipitation—cannot
be used because of the high costs, low removal
efficiency, large amounts of chemicals used or sludge
produced, the use of sorbents is an alternative option
[4]. Sorbents in this case are materials/filter media
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used in wastewater treatment and characterized by a
high affinity for phosphorus [5]. One of the options is
to use these materials/sorbents in constructed wet-
lands, which have been widely used for many years as
a low-cost and low-maintenance alternative to treat
phosphate-rich wastewater. However, the possibilities
of removing phosphorus compounds in constructed
wetlands are limited [5]. Therefore, we need specific
media (sorbents) with a high phosphate sorption
capacity and low cost. Taking into account that the
known extractable sources of phosphate rock may be
depleted in less than 100 years [6], there is a pressing
need to recycle phosphorus contained in wastewater.

Peat is a prospective material for the removal of
phosphate ions from aqueous solutions [7]. Although
the sorption capacity of raw peat is low, we presume
that it can be significantly increased by modifying peat
with iron compounds. Naturally occurring iron-rich
materials and waste products, such as low-grade iron
ore [8], steel slags [9], red mud [10], ferric sludge [2],
ferric water treatment residuals [11], iron oxides [12],
iron-rich humus soils [13], iron oxide tailings [1], iron-
rich calcareous soils [14], and goethite [15], are known
for high affinities for phosphate sorption, and most of
them have been tested as adsorbents in laboratory-
scale experiments to remove phosphorus compounds.

Peat is a light brown to black organic material
formed under waterlogged conditions from the partial
decomposition of mosses and other bryophytes,
sedges, grasses, shrubs, and trees [16]. Peat has unique
characteristics: large specific surface area; high water-
holding capacity, and high porosity; it is easy to han-
dle, process, grade, and blend; it is widely available in
many parts of the world and is relatively cheap
[17,18]. Consequently, the use of peat as a potential
substrate in constructed wetlands has significant
advantages compared to other biosorbents. Moreover,
phosphate-saturated peat (i.e. spent sorbent) can be
used to maintain soil structure, be a source of phos-
phorus in the soil, increase the content of organic mat-
ter, and improve moisture retention. So, peat can be
used as a soil conditioner.

The aims of the study were to make a modified
peat sorbent, to apply it in removing phosphates, and
to evaluate the potential disposal of the spent sorbent
as a soil conditioner.

2. Materials and methods

2.1. Preparation, characterization, and modification of the
sorbent

All chemicals were of analytical grade (except
FeCl3·6H2O, which was of purified grade) and they

were used without further purification. Sphagnum
fuscum peat was collected from an industrially mined
raised bog in Latvia. The peat sample was homoge-
nized and sieved through a 2-mm sieve to remove
large particles and then dried at 105˚C for 24 h. The
modified peat was prepared using an approach similar
to that of Harvey and Rhue [19]: 67.55 g of FeCl3·6H2O
was dissolved in 250 ml of distilled water, then 250 ml
of 3.0 M NaOH was added, and the suspension was
left for 12 h. The resulted precipitate was mixed well
with 100 g of peat, filtered, washed with 250 ml deion-
ized water, air-dried, and heated for 4 h at 60˚C. The
raw and modified peats were characterized by their
botanical composition, major physical and chemical
properties (through elemental analysis using a Carlo
Erba EA 1108 Elemental Analyzer), pH (in H2O; 1:10
peat/water volume ratio), content of organic matter,
and degree of decomposition (as shown in Table 1).
The content of organic matter was measured after com-
busting a sample (1.0 g) at 550˚C for 4 h and weighed.
Total concentrations of metals in the peat, modified
peat, and spent sorbent (i.e. modified peat after phos-
phate sorption) were analyzed using an atomic absorp-
tion spectrometer (PerkinElmer AAnalyst 200) after
nitric acid digestion according to the EPA Method
3050B [20]. The particle-size distribution of peat and
modified peat was analyzed by the conventional dry-
sieving technique. The FTIR spectra were acquired in
KBr pellets using a Spectrum One apparatus (Perk-
inElmer). X-ray diffraction (XRD) analysis of modified
peat was conducted with a Bruker D8 Advance X-Ray
powder diffractometer employing CuKα radiation. The
specific surface areas of raw and modified peats were
estimated by the Brunauer–Emmett–Teller (BET)
method, using a surface area analyzer (Gemini 2360).
The point of zero charge (pHZPC) was measured by the
pH drift method.

2.2. Removal of phosphate from synthetic solution

The removal of phosphate ions from the aqueous
synthetic solution was conducted using batch experi-
ments, including: (1) isotherm studies at different tem-
peratures, (2) kinetic studies, (3) pH studies, and (4)
ionic strength studies.

Phosphate solutions were prepared by diluting the
stock solution to the desired concentration using
deionized water. The stock solution of phosphate
(500 mg P/l) was prepared by dissolving 4.3936 g of
KH2PO4 in 2,000 ml of deionized water.

If not stated otherwise, raw or modified peat
(1.0 g) was mixed with 80 ml of the solution contain-
ing phosphate ions (25 mg P/l), then shaken on a
rotary shaker with a constant speed of 140 rpm for
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24 h at 20˚C, and, finally, filtered before analysis of
phosphate ions in the solution. No pH adjustments
were made, except for the pH studies.

Isotherm studies were conducted at 2, 20, and 40˚C
using solutions with the concentrations of 1, 10, 25, 50,
100, 250, and 500 mg P/l. Kinetic studies were
performed with sorption times in the range of 1 min–
24 h, and sorbent mass m = 1.0 or 0.2 g. In order to
determine the effect of ionic strength on phosphate
sorption, appropriate amounts of NaCl or Na2SO4

were added to the phosphate solution in the range
0.05–1.00 mol/l. For the pH studies, the pH was
adjusted in the range of 2–10 with 1.0, 0.5, or 0.1 M
HCl, or NaOH using a pH meter (HANNA instru-
ments pH 213). Different strategies were employed to
study the effect of pH, namely, three series of tests
were conducted: (1) without the pH adjustment dur-
ing the sorption; initial concentration Ci = 50 mg P/l,
m = 1.0 g; (2) pH was adjusted during the sorption (in
2, 4, and 22 h); Ci = 50 mg P/l, m = 1.0 g; and (3) pH
was adjusted during the sorption (in 2, 4, and 22 h);
Ci = 25 mg P/l, m = 0.2 g.

All sorption experiments were conducted in tripli-
cate and the mean values were used. The relative
standard deviation in all cases was less than 4.0%.

2.3. Test of kinetic models

The kinetic data were analyzed using two kinetic
models: the Lagergren’s first-order-rate equation [21],
also called the pseudo-first-order model [22], and the
pseudo-second-order model (Eqs. (1) and (2) as given
below).

The most popular form of the pseudo-first-order
model is the following:

log qe � qtð Þ ¼ log ðqeÞ � k1
2:303

t (1)

and the pseudo-second-order model is generally
expressed as [23]:

t

qt
¼ 1

k2q2e
þ 1

qe
t (2)

where qe and qt are the adsorption capacity (mg/g) at
equilibrium at any time, while k1 (L/min) is the rate
constant for the pseudo-first-order adsorption model
and k2 (g/mg min) is the rate constant for the
pseudo-second-order model.

2.4. Removal of phosphate from wastewater

Modified peat (1.0 g) and wastewater (80 ml) were
filled into glass bottles (100 ml), which were shaken at
140 rpm for 24 h. Then the wastewater was filtered,
and the filtrate was analyzed for phosphates. Wastewa-
ter from two different sources was used in the experi-
ments. The “Wastewater A” was obtained from a
septic tank serving a household of three persons. The
“Wastewater B” was taken from a wastewater treat-
ment plant. The plant has a maximum design capacity
of 350,000 m3 per day. The wastewater was character-
ized according to the Standard Methods for Examina-
tion of Water and Wastewater [24]. Characteristics of

Table 1
Characteristics of raw peat and modified peat

Raw peat Modified peat

Peat type Sphagnum fuscum peat

pH (in H2O) 3.31 5.15
Organic matter, % 96.6 83.4
Decomposition degree, % 22 –
C, % 46.57 32.98
H, % 5.52 4.48
N, % 0.96 0.66
S, % < 0.5 0.0
Specific surface area BET, m2/g 3.02 43.80
Zero point of charge 2.43 3.68
Concentration of iron, mg/kg 789 125,000

Particle size distribution (before modification/ after modification), % w/wa

< 0.05 mm 0.05–0.125 mm 0.125–0.250 mm 0.25–0.50 mm 0.5–1.0 mm 1.0–2.0 mm > 2.0 mm
1.0/1.1% 7.0/6.5 % 18.2/8.6% 29.7/14.6% 28.6/22.3% 15.5/36.1% 0.0/10.8%

aSize fraction weight as a percentage of the total sample weight.
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the “Wastewater A” were as follows: biochemical
oxygen demand = 160 mg/l; chemical oxygen
demand = 464 mg/l; total nitrogen = 168 mg/l; total
phosphorus = 23 mg/l; phosphates = 12.4 mg/l; total
suspended solids = 83 mg/l; and pH 7.70. Characteris-
tics of the “Wastewater B” were as follows: biochemi-
cal oxygen demand = 290 mg/l; chemical oxygen
demand = 583 mg/l; total nitrogen = 52.2 mg/l; total
phosphorus = 6.67 mg/l; phosphates = 3.62 mg/l; total
suspended solids = 449 mg/l; and pH 7.60.

In order to determine the maximum sorption
capacity and to obtain the material for phytotoxicity
tests, 15 g of modified peat was mixed with 15 l of the
“Wastewater A”. After 24 h, the suspension was fil-
tered, and the filtrate was analyzed for phosphates.
After filtration, the modified peat was collected, added
to 15 l of untreated wastewater and mixed for 24 h
once again. This procedure (i.e. sequential batch
studies) was repeated five times until the full satura-
tion capacity was reached (the phosphate concentra-
tion in the supernatant was the same as in the initial
solution).

2.5. Phosphate analysis

The phosphate content in the filtrates, initial
solutions, and wastewater was determined by the
molybdenum blue spectrophotometric method at λmax

of 880 nm [25] using a Hach Lange DR 2800
spectrophotometer.

2.6. Phosphate uptake

The sorption capacity (expressed by the mass of
phosphorus sorbed/mass of sorbent) was calculated
from the decrease in phosphate concentration in the
solutions. To calculate the sorption capacity of phos-
phate onto peat (mg P/g), the following equation was
used:

qe ¼ Ci � Ceð Þ � V

1000�m
(3)

where qe is the equilibrium sorption capacity (mg/g),
V is the volume of phosphate solution (ml), m is the
mass of peat used (g), and Ci and Ce are the initial
and final (equilibrium) concentrations (mg/l).

2.7. Phytotoxicity test

The cress seed (Lepidium sativum) germination
index (GI) was used to estimate the phytotoxicity of

raw peat, modified peat, and phosphate-saturated peat
(i.e. spent sorbent). Peat or raw peat (10 g) was placed
in Petri dishes, wetted with deionized water (30 ml),
and covered with filter paper. Twenty L. sativum seeds
were placed on the paper and kept in the dark for
48 h at 25˚C. The GI was calculated by multiplying the
germination and root elongation according to the
formula:

GI ¼ G

G0

� �
� L

L0

� �
�100 (4)

where G and L are the values of germinated seeds and
root length in the spent sorbent, and G0 and L0 are
values of these parameters in the control sample [26].

3. Results and discussion

3.1. Characteristics of raw peat and sorbent

If a sorbent is to be used on an industrial scale,
besides having a high sorption capacity, it should be
cheap and easily available in large quantities. There-
fore, the peat used in this study was obtained from a
commercially harvested raised bog. Slightly decom-
posed peat was used, as it exhibits better hydraulic
properties [27].

Raw peat was modified with iron(III) hydroxy ions
using the sol–gel approach [28]. At the first stage of
sorbent modification, we obtained colloidal suspension
or sol of Fe(III) hydroxide. Its heating and reaction
with the raw peat led to the formation of a gel-like
structure.

The sorbent obtained can be considered as an
organic–inorganic hybrid material, where the poly-
functional iron compounds have modified the sorbent
properties. The Fourier transform infrared spec-
troscopy confirmed the interaction of iron(III) hydroxy
ions with peat carboxylic groups. The FTIR spectra
exhibited the absorption bands typical for peat,
whereas after the modification of peat, the carboxylic
group bands disappeared, and the carboxylic ion and
hydroxyl group absorption increased. The differential
spectrum (Fig. 1, spectrum 3) shows a decrease in
absorbance at 1,720 cm−1 (–COOH) and its increase at
3,420 cm−1 (–OH), 1,580 and 1,400 cm−1 (–COO–). The
decreasing carbonyl group (at 1,720 cm−1) and increas-
ing carboxylic anion signal (at 1,580 and 1,400 cm−1)
clearly indicate complex formation between peat and
iron compounds [29]. The interaction between Fe(III)
and peat carboxylic group preserves the amorphous
iron phase (that was confirmed by XRD), which could
be important for phosphate sorption.
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The composition of iron-modified peat was ana-
lyzed by XRD, which showed no obvious diffraction
peaks (data not shown), indicating that the modified
peat was X-ray amorphous.

The particle-size distribution in the modified peat
shows that approximately 50% of all particles are
larger than 1 mm. Michalak and coworkers [30] have
reported the findings of Kuyucak [31], who had stated
that the optimum sorbent particle size should be
between 1 and 2 mm. To reduce possible clogging of
the wastewater treatment system because of the small
particle size, these particles could be granulated.
Although it is necessary to obtain the desired granule
properties, it should be pointed out that “granulation
is more of a trial-and-error task making it difficult for
academic researchers to make a significant
contribution” [32].

3.2. Phosphate removal from synthetic solutions

3.2.1. Effect of initial phosphate concentration and
temperature

To evaluate the removal of phosphate ions from
aqueous solution by iron-modified peat at different
temperatures, the sorption isotherms derived from the
equilibrium batch sorption experiments were used.
Primarily, the studies showed that raw peat had a
sorption capacity below 1 mg P/g. As seen from
Fig. 2, the sorption capacity of the modified peat
increased with the increase in the initial phosphate
concentration for all temperatures studied. The steep
rise of the isotherm curves close to the origin indicates

high uptake values at lower phosphate concentrations.
At the initial phosphate concentrations of 0.1–25 mg
P/l, 99% of phosphate ions were removed. The maxi-
mum sorption capacity of the modified peat reached
11.20 mg P/g at 20˚C and the initial phosphate
concentration of 500 mg P/l.

As the temperature of wastewater can change
significantly depending on the season, it is important
to know the effect of temperature on sorption perfor-
mance. The maximum sorption capacity of peat
increased from 9.64 to 11.53 mg P/g when the tem-
perature was changed from 2 to 40˚C. The increase in
the sorption effectiveness caused by the increase in
temperature indicates the endothermic nature of
sorption [33].

The Langmuir equation was used to describe the
experimental data of the isotherms:

qe ¼ bCe qmax

1þ bCe
(5)

This equation uses two parameters—i.e. qmax (the
maximum sorbate uptake under the given conditions)
and b (the Langmuir constant)—which reflect the
nature of the sorbent and are useful to compare the
sorption performance quantitatively [34,35]. Besides,
the calculation of qmax values is useful in the situations
when equilibrium is not reached in the sorption
experiments [36].

It was proved that the Langmuir model very well
describes the experimental data, as r2 was > 0.99 at all
temperatures applied in our study. The maximum
sorption capacities estimated by the Langmuir model
were 9.65, 11.12, and 11.62 mg P/g at 2, 20, and 40˚C,

Fig. 1. The FTIR spectra of peat and iron-modified peat. (1)
raw peat, (2) peat modified with ferric hydroxide, and (3)
differential spectrum.

Fig. 2. Effect of the initial concentration and temperature
on the removal of phosphate ions by raw and modified
peat: 1.0 g of sorbent, 80 ml solution, 24 h contact time.
Relative standard deviation was less than 3.6% in all cases.
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respectively. The calculated Langmuir constant b
indicated a greater affinity between the modified peat
and phosphate ions at 40˚C than at 2˚C, as this con-
stant decreased with the increasing temperature (2˚C:
b = 0.177; 20˚C: b = 0.155; 40˚C: b = 0.090). In general, a
lower value of b indicates a higher affinity [37].

The sorption capacity of the modified peat
obtained in this study can be regarded as relatively
high and could be compared to other materials
reported in the literature (Table 2). However, materials
with a high P sorption capacity should be tested in
long-term experiments in full-size systems, because
many of the materials showing a very high phospho-
rus removal potential in laboratory experiments do
not show similar behavior in full-scale systems.

3.2.2. Effect of contact time

Kinetic performance is among the most important
factors in evaluating the suitability of the material to
be used in full-scale systems [40]. Sorption kinetic
experiments are performed to determine the point of
equilibrium, i.e. point where sorption reaction is com-
pleted and there is no change in sorbate concentration
in the solution.

The effect of contact time at the initial phosphate
concentration of 25 mg P/l and sorbent mass of 1.0 or
0.2 g is presented in Fig. 3. The results show that the
removal of phosphate is very rapid with 1.0 g of sor-
bent used: 60.7% of phosphates were sorbed in the
first 15 min. In contrast, only 7.4% of phosphates were
sorbed with 0.2 g of sorbent used. In both cases, the
first sorption stage was followed by a gradual increase
in the amount of phosphate ions sorbed. The equilib-
rium was reached in 8 h with 99.5% P sorbed
(m = 1.0 g) or 10 h with 40.9% P sorbed (m = 0.2 g).

The data obtained from kinetic studies have been
fitted to the pseudo-first-order and pseudo-second-
order kinetic models. The results of the kinetic

parameters for phosphate sorption are listed in Table 3.
Based on the coefficients of determination (r2), the
sorption of phosphates by the modified peat is best
described by the pseudo-second-order equation. In
addition, the equilibrium sorption capacities (qe) calcu-
lated by the pseudo-second-order model were closer
to the experimental values.

3.2.3. Effect of pH

Environmental factors can influence the uptake of
pollutants by different types of sorbents, and the pH
of the solution sometimes is regarded as the most
important one.

Evaluation of the results of the first series (Fig. 4)
can lead to the conclusion that pH has almost no effect.
However, these results are caused by the high-buffer-
ing capacity of peat. When the initial pH values were
set to 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0, the pH

Table 2
Comparison of the sorption capacity of iron-modified peat with the values presented in the literature

Material Sorption capacity, mg P/g Reference

Raw (unmodified) peat 0.92 This study
Iron-modified peat 11.53 This study
Electric arc furnace steel slag 0.13–0.28 [9]
Basic oxygen furnace steel slag 1.14–2.49 [9]
Different kinds of sand 0.13–0.29 [38]
Furnace slag 8.89 [38]
Mineral apatite ∼0.3 [39]
Shale 0.5 [5]
Iron oxide tailings ∼9.0 [1]

Fig. 3. Effect of contact time on the uptake of phosphate
ions by the modified peat: 1.0 and 0.2 g of sorbent, 80 ml
of 25 mg P/l, 1 min to 24 h contact time, 20˚C. Relative
standard deviation was less than 4.0% in all cases.
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values after the sorption were 2.73, 5.61, 6.09, 6.23, 6.29,
6.42, 6.67, 6.74, and 6.81, respectively. In the second ser-
ies, the pH was adjusted during the sorption (so that
initial pH = final pH). Therefore, the results are more
representative in this case. At the same time, the pH of
the solution cannot be fully evaluated, as a very high
sorption effectiveness (99–100% removal) was observed
in the pH range 2–5. In order to evaluate the effect of
pH accurately, the chosen sorbent/sorbate ratio and
the concentration of the initial solution must not lead
to sorption effectiveness close to 100% in any of the pH
values. Therefore, a third series was conducted, and
the results showed that the sorption capacity is
strongly dependent on the pH of the solution. When
the pH was set to 2.0, the sorption effectiveness
reached 83.0%, as compared to just 13.0% at the pH
10.0. The different results obtained in each of the series
point to the importance of the study methodology in
these types of experiments.

Several explanations can be found in literature as
to why the sorption capacity is higher at low pH

values and decreases with the increase in pH. Lower
sorption capacities are observed at high pH values,
because there is a competition for the sorption sites
between phosphate species and OH− ions [41]. In
addition, at high pH values, the iron oxides present in
the material carry more negative charges, which
repulse the negatively charged PO3�

4 species [1].

3.2.4. Effect of ionic strength

Wastewater can contain all kinds of ions—such as
SO2�

4 , Cl−, CO2�
3 , NO�

3 , Mg2+, Ca2+, and Fe2+—which
can influence the sorption effectiveness of the selected
material [42]. The results show that sorption capacity
was strongly affected when NaCl or Na2SO4 was
added to the solution (Fig. 5). Without the addition of
NaCl or Na2SO4, the sorption capacity reached
4.06 mg P/g (39.2% removal). Compared to that, when
the ionic strength was set to 0.05 mol/l by NaCl or
Na2SO4, the sorption capacity reached 5.90 mg P/g
(59.0% removal) and 5.19 mg P/g (51.9% removal),
respectively. However, the further increase in the ionic
strength (from 0.05 to 1.0 mol/l) resulted in a small

Table 3
Parameters for the kinetic models of phosphate sorption by the modified peat

Mass of sorbent, g qe
a (mg/g)

Pseudo-first-order kinetic model Pseudo-second-order kinetic model

k1 (L/min) qe (mg/g) r2 k2 (g/(mg min)) qe (mg/g) r2

0.2 4.11 0.012 4.79 0.83 0.001 4.72 0.88
1.0 2.10 0.016 0.96 0.88 0.037 2.02 0.99

aActual (experimental) phosphate sorption capacity at equilibrium.

Fig. 4. Effect of pH on the uptake of phosphate ions by the
modified peat: (1) without pH adjustment, 1.0 g of sorbent,
80 ml of 50 mg P/l, 24 h contact time, 20˚C; (2) with pH
adjustment, 1.0 g of sorbent, 80 ml of 50 mg P/l, 24 h
contact time, 20˚C; and (3) with pH adjustment, 0.2 g of
sorbent, 80 ml of 25 mg P/l, 24 h contact time, 20˚C. Rela-
tive standard deviation was less than 4.0% in all cases.

Fig. 5. Effect of ionic strength on the uptake of phosphate
ions by the modified peat: 0.2 g of sorbent, 80 ml of 25 mg
P/l, 24 h contact time, 20˚C. Relative standard deviation
was less than 2.2% in all cases.
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additional effect on the uptake of phosphate ions, as
the removal capacity reached 53–55% in the case of
Na2SO4 and 63–67% in the case of NaCl. The presence
of the divalent anion SO2�

4 has a lower effect on the
phosphate sorption than the monovalent Cl− anion,
which might indicate that the charge density of the
chosen anion plays a significant role.

Su and coworkers [43] also have found a higher
sorption capacity of zirconium oxide nanoparticles
toward phosphates with the increase in the ionic
strength. This effect was justified by the findings of
McBride [44], who linked the increase in sorption effi-
ciency with the formation of inner-sphere complexes.
In the case of formation of outer-sphere complexes,
the decrease in sorption efficiency with the increase in
ionic strength would be observed. In addition, accord-
ing to Ryden and Syers [45], the increase in ionic
strength increases the removal of phosphate ions, as
higher ionic strength reduces the thickness of the
diffusion layer.

3.3. Phosphate removal from wastewater

The sorption capacity of the tested sorbent could be
significantly lower if a real wastewater was used
instead of the synthetic solutions, as phosphate ions
may compete for the sorption sites with other ions pre-
sent in the wastewater. Taking into account this possi-
bility, wastewater from two different sources was used
to evaluate the sorption performance of the developed
sorbent. Batch tests indicated that iron-modified peat
can remove phosphates from wastewater with a very
high efficiency: 98.5% of all phosphate ions were
removed from the “Wastewater A”, meaning that the
phosphate concentration in the wastewater was
reduced from 12.40 to 0.22 mg P/l. The removal effi-
ciency from the “Wastewater B” reached 98.2%. It can
be hypothesized that there is no significant effect of the
wastewater composition on the removal of phosphates,

as a high removal efficiency was observed in both
cases. Based on the sequential batch studies, it was
determined that the maximum sorption capacity of
iron-modified peat is 13.75 mg P/g, which is even
higher than the value determined by isotherm studies
using synthetic solutions (11.20 mg P/g).

3.4. Recycling of spent sorbent

3.4.1. Concentration of heavy metals in the spent
sorbent

When the saturation capacity of the sorbent has
been reached, appropriate utilization of the spent sor-
bent is necessary. If the sorbent is utilized in land
application, the concentration of heavy metals should
be within safe limits. Accordingly, the concentrations
of heavy metals in the spent sorbent were compared
to the limit values for wastewater sludge established
by some countries in the European Union. The results
showed that modification significantly increased the
concentration of heavy metals in peat when the puri-
fied grade FeCl3·6H2O was used (Table 4). However,
the concentrations of these elements in the spent sor-
bent were below the limit values; therefore, the phos-
phate-saturated peat could be suitable for dispersion
into soil in a similar manner as wastewater sludge is
used in agriculture. Moreover, the concentration of
heavy metals in the modified peat could be signifi-
cantly reduced by using a higher grade FeCl3·6H2O,
although this would increase the total costs of the
developed sorbent.

3.4.2. Phytotoxicity test

The cress seed germination test, which integrates all
the potentially harmful effects of the substances present
in the sample, is a sensitive parameter for rapid evalua-
tion of phytotoxicity. The calculated germination

Table 4
Concentration of metals in raw and modified peat compared with some maximum acceptable limits for heavy metal
concentrations in sewage sludge for application to soil [46]

Ni Cu Zn Cd Pb

Concentration of heavy metals, mg/kg Raw peat <0.50 0.51 2.49 <0.10 7.91
Modified peat 234.54 70.80 10.68 <0.10 17.62
Spent sorbent 160.91 72.83 80.01 <0.10 13.99

Limit values, mg/kg France 200 1,000 3,000 20 800
Germany 200 800 2,500 10 900
Spain, soil pH < 7 300 1,000 2,500 20 750
Spain, soil pH > 7 400 1,750 4,000 40 1,200
Poland 100 800 2,500 10 500
Latvia 300 1,000 2,500 20 750
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indexes for raw peat and modified peat were 31.2 and
24.3%, respectively. The results showed that a fresh sor-
bent significantly inhibited the seed germination and
growth (unlike the spent sorbent), probably due to the
salts precipitated on the surface of the sorbent during
the modification. The calculated GI value for spent sor-
bent (69%) was higher than 50%, which indicates that
the spent sorbent is non-toxic for plants [26] and can
potentially be used as an organic soil amendment. This
type of utilization provides an additional benefit for the
use of iron-modified peat, as it has been indicated that,
in the case of traditional methods (e.g. chemical precip-
itation), it is very difficult or even impossible to recycle
phosphorus in an economical industrial manner [3]. In
general, peat can be used to improve the quality of soil,
as it increases the water-holding capacity and content of
organic carbon [47].

4. Conclusions

Peat is a material with unique characteristics, and
it has significant advantages when compared with
other biosorbents. The phosphate sorption capacity of
peat was significantly increased by the modification
with iron(III) hydroxy ions. It was proved that the
developed sorbent can be used as a highly effective
material to remove phosphate ions from aqueous
media—both synthetic solutions and real wastewater.
Considering the phytotoxicity tests and concentration
of heavy metals in the spent sorbent, it was concluded
that phosphate-saturated peat (spent sorbent) can be
utilized in land application, which would eliminate
the need of costly disposal of the material in landfills.
However, additional experiments should be carried
out to evaluate the suitability of the developed sorbent
for use in full-scale systems, such as constructed
wetlands or the so-called filter/sorbent beds. These
systems could be used as an alternative in rural areas
and other places where traditional treatment methods
cannot be applied.
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[9] C. Barca, C. Gérente, D. Meyer, F. Chazarenc,
Y. Andrès, Phosphate removal from synthetic and real
wastewater using steel slags produced in Europe,
Water Res. 46 (2012) 2376–2384.

[10] Z. Yi, X. Shibin, K. Dandan, X. Dong, K. Lingwei,
H. Feng, W. Zhenbin, Phosphorus removal from
domestic sewage by adsorption combined photocat-
alytic reduction with red mud, Desalin. Water Treat.
51 (2013) 7130–7136.

[11] C.H. Wang, S.J. Gao, T.X. Wang, B.H. Tian, Y.S. Pei,
Effectiveness of sequential thermal and acid activation
on phosphorus removal by ferric and alum water
treatment residuals, Chem. Eng. J. 172 (2011) 885–891.

[12] G. Lyngsie, O.K. Borggaard, H.C.B. Hansen, A three-
step test of phosphate sorption efficiency of potential
agricultural drainage filter materials, Water Res. 51
(2014) 256–265.

[13] R. Giesler, T. Andersson, L. Lövgren, P. Persson,
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