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Abstract The increase in demand for food due to the
rapid population growth in recent years has raised the
use of fertilizers, particularly phosphate salts. This fact
has contributed to the excess amount of phosphorus
species in aquatic systems. This is due to the leaching
of these species present in the fertilizers applied to the
soil to aquatic environments and may lead to eutrophi-
cation in these environments. Substances capable of
interacting with the phosphate in the aquatic environ-
ment are promising for the reduction on the environ-
mental impact. The humin, an insoluble fraction of
humic material, has potential for phosphate retention,
behaving like a chelating resin. Thus, the purpose of this
research was to study the interaction between humin and
phosphate. The equilibrium time between humin and

phosphate was 15 min, where hydrogenionic potential
(pH) 4.0 was the most effective in the interaction pro-
cess. In this pH, the humin retained 33% of phosphate
added. The complexing capacity of the humin-
phosphate system was 11.53 mg g−1. The adsorption
studies indicated that the system follows a kinetic
pseudo-second-order model. The Freundlich model
was the most suitable to describe the phosphate adsorp-
tion process in humin. To evaluate the humin applica-
tion in real systems, humin was added to the domestic
wastewater. Sixteen percent of the total phosphate was
adsorbed by the humin. Based on these results, humin
has the potential to phosphate retention in domestic
wastewater and could be used as a chelating resin min-
imizing environmental impact.
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1 Introduction

Phosphate substances are found widely in industrial,
domestic, and agricultural sectors. The final destination
of these substances is the water sources, which could
cause serious water pollution problems. Although phos-
phate and other phosphorus species are not considered
toxic, as a nutrient, they may be responsible for nutri-
tional enrichment of water sources, promoting excessive
algae growth and causing eutrophication (Millier and
Hooda 2011).
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For many years, the control of phosphorus and their
species in surface water was directed to point sources
related to phosphate detergents and domestic wastewa-
ter. Currently, the impact of diffuse sources has been
questioned. The large annual input caused by the intro-
duction of phosphate fertilizers and no removal of this
leached phosphate to water sources causes a high envi-
ronmental impact (Manahan and Manahan 2009). For
this reason, the use of substances that interact with the
different phosphorus species, including natural fertil-
izers, is the most appropriate to reduce environmental
impact (Winarso et al. 2011).

Humic substances (HS) are promising to fulfill this
dual function, due to diversity of functional groups
present in its structure (Botero et al. 2010; Rocha et al.
2009; Sargentini et al. 2001; Winarso et al. 2011). The
humin, an insoluble fraction of HS, is the most resis-
tant fraction to microbial degradation and considered
the last product of the humidification process. This
fraction of HS presents different functional groups in
their structure such as esters, methoxy alkanes, polar
aromatic groups, and sugar derivatives (De La Rosa
et al. 2003). Also, by presenting high porosity with
large surface areas, it becomes a potential adsorbent
for applications in retention processes (Contreras
et al. 2006).

The humin, the fraction of humic substances less
studied, plays an important role in the interaction with
organic and inorganic species (Cerqueira et al. 2012; De
La Rosa et al. 2003; Nkhili et al. 2012; Rice 2001;
Winarso et al. 2011; Zhang et al. 2009). Given the high
input of phosphorus species in water sources and their
importance to agriculture, this study aimed to evaluate
the use of humin in phosphate removal present in do-
mestic wastewater.

2 Material and Methods

2.1 Reagents

The diluted acidic and alkaline solutions required for the
humin sample extraction were prepared from the appro-
priate dilution of hydrochloric acid 37% (m/m)
0.1mol L−1 (Suprapur, MerckAG) or sodium hydroxide
0.1 mol L−1 (Suprapur, Merck AG) in purified water
with conductivity less than 0.1 μS cm−1 (Milli-Q,
Millipore). All reagents used are of high purity.

2.2 Procedures and Methods

2.2.1 Humin Extraction

Soil samples were collected near the Mogi River in the
city of Ribeirão Preto, São Paulo State, Brazil. The main
characteristic of these soil samples is the high organic
matter contents. The extraction of humin fraction was
carried out according to the most common method used
by researchers associated with the International Humic
Substances Society (IHSS). The extraction solution of
NaOH 0.10 mol L−1 was used at 1:10 soil/extractor
under inert N2 atmosphere and submitted to mechanical
agitation for 4 h (Botero et al. 2013; Rosa et al. 2000).
After extraction, the humin (insoluble fraction) was
separated by centrifugation and washed with an excess
of distilled water to remove residual alkalinity and or-
ganic matter from the extraction process. Finally, it was
dried in an oven at 55 °C to constant weight (Goveia
et al. 2013).

2.2.2 Zero Point Charge

The pH of a solution of 0.01 M NaCl was adjusted to
between 2 and 12 by adding either HCl 0.1 mol L−1 or
NaOH 0.1 mol L−1. Nitrogen was bubbled through the
solution at 25 °C to remove any dissolved carbon diox-
ide until the initial pH stabilized. Humin samples
(0.15 g) were added to 50 mL of each solution. After
24 h, the final pH was recorded. To determine the pH
corresponding to zero point charge, graphs of pH vari-
ation (Δ pH) in function of initial pH were plotted, and
the intersection with the x-axis represents the zero point
charge (Batista et al. 2009).

2.2.3 Determination of Phosphate

The molybdenum blue spectrophotometric method was
used to determine the total concentration of phosphate
(Raij et al. 1987). The measurements were performed at
660 nm with a linear range from 0.5 to 10.0 mg L−1 in
phosphate solution (r = 0.9989).

2.2.4 The Influence of pH and Time
in Humin-Phosphate Interaction

In order to evaluate the effect of pH and time on the
humin-phosphate interaction, 50 mL of phosphate stock
solution of 10 mg L−1 in 100 mg humin at pH 4.0, 6.0,
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and 8.0 was added. The system was kept in agitation
five times for 10, 15, 30, 120, and 180 min (Jacundino
et al. 2015) After agitation, samples were filtered
through a 0.45-μM membrane. The supernatant was
quantified spectrophotometrically using the molybde-
num blue method (Raij et al. 1987).

2.2.5 Ultrafiltration Procedure Used for Kinetic Study

The determination of the equilibrium time related to the
humin-phosphate interaction was performed using an
ultrafiltration tangential flow system equipped with a
1-kDa membrane porosity (Burba et al. 2001; Romao
et al. 2003). In this system, the phosphate which passes
through the filter refers to a level not interacting with the
humin. Thus, a solution containing 300 mg of humin at
pH 4.0 was homogenized for 5 min, where the first
filtration is referred to the phosphate originally present
in humin. Then, the phosphate solution was added at a
concentration of 100 mg L−1 and filtrations were done at
15-min intervals.

2.2.6 Determination of Complexing Capacity
of Humin-Phosphate System

The determination of the complexing capacity of the
humin phosphate was conducted using an ultrafiltration
tangential flow system (Burba et al. 2001; Romao et al.
2003). After the first filtration without the addition of
phosphate, increasing amounts of analyte were added
with the purpose of having phosphate concentrations
ranging from 0.124 to 82.00 mg L−1. After each addi-
tion, the system was stirred for 20 min (equilibrium
time) and filtered to determine the amount of phosphate
not retained by humin.

2.2.7 Evaluation of the Kinetic and Adsorption Isotherm
Models

The evaluation of the kinetic and adsorption processes
of humin against phosphate was performed using
100 mg of humin. In the kinetic studies, the time range
evaluated was 5 to 180 min, adding a phosphate con-
centration of 12 mg L−1 in three different pH values
(pH 4, 6, and 8). After sample dilution was carried out,
free phosphate was determined by molybdenum blue
spectrophotometry.

To determine the isotherm adsorption which best
describes phosphate and humin, the system was

performed using phosphate solutions containing 1 to
100 mg L−1 at pH 4.0 (Jacundino et al. 2015). After
agitation for 20 min, the samples were filtered through
0.45-μm membranes and the remaining phosphate con-
tent was determined by the method described in Sect.
2.2.3 (Souza et al. 2016).

2.2.8 Phosphate Speciation Model

In this study, simulations using Visual MINTEQ 3.1
software was performed for phosphate speciation at
different pH values (0.0–14.0). This software can be
used for calculation of elemental species distribution
(%), solubility equilibria, and sorption mechanisms.
The simulations help to understand the ionic species
available in solution during the interaction between
humin and phosphate (Gustafsson 2016).

2.2.9 Application of Humin in Domestic Effluent
Samples

In order to assess the application of humin as adsorbent
in real systems, we added 50 mL of domestic wastewa-
ter collected in a sewage treatment station in São Paulo
State, Brazil, in 100 mg of humin. The samples were
agitated for 5, 10, 15, 30, 120, and 180 min and subse-
quently filtered through a 0.45-μM membrane. The
phosphate content was determined as described above.
The efficiency of the adsorption was evaluated in the
natural pH of effluent and at pH 4.

3 Results and Discussion

3.1 Characterization of Humin

The humin used in this study was characterized previ-
ously, and the results were presented in Jacundino et al.
(2015). The humin contains 27.5% of organic matter
and 72.5% of inorganic matter, with an E4/E6 ratio
equal to 1.15. Furthermore, it has 33% aliphatic carbon
(δ13C NMR from 0 to 65 ppm), 13% ethers, hydroxyl-
ated functions, sugars (δ13C NMR from 65 to 110 ppm),
33% aromatic carbon (δ13C NMR from 110 to
140 ppm), 9% of phenols (δ13C NMR from 140 to
160 ppm), and 13% carboxylic acids (δ13C NMR from
160 to 190 ppm) (Jacundino et al. 2015).

The results of humin characterization indicate a high
degree of humification (Jacundino et al. 2015).
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According to studies, the E4/E6 ratio lower than 4 indi-
cates more presence of condensed aromatic structures,
increasing molar mass, and consequently a greater de-
gree of humification to the humic material. The results
of 13C NMR indicate a high aromatic content corre-
sponding to the results of the ratio E4/E6.

Finally, the charge distribution to humin in function
of pH was determined from the zero point charge
(pHZPC) value, with a balance between negative and
positive charges of the ionic groups. The pHZPZ obtain-
ed was 6.35 for humin. Thus, at pH values below the
pHZPZ, the overall charge is positive, whereas at pH
values higher than pHZPZ, a negative charge from humin
was obtained. This parameter helps to understand the
adsorptive processes between phosphate and humin.

3.2 Influence of pH and Time on the Humin-Phosphate
Complexation Capacity

The phosphorus in natural wastewater is present almost
exclusively in phosphate form (Standard Methods
2005). Depending on the pH, the phosphate may be
found in several protonation degrees (Fig. 1), which is
common for species derived from weak acids and bases.

In this study, we evaluated the phosphate interaction
with humin in pH 4.0, 6.0, and 8.0. It was performed
because the objective was to verify the possibility of
phosphate retention in wastewater for later use in agri-
culture. These studies include pH values of samples with
environmental interests.

An evaluation on the distribution of P species as a
function of pH values (Fig. 1a) was obtained from
simulations carried out in Visual MINTEQ 3.1 software
(Gustafsson 2016), allowing to observe the percentages
of the main forms of phosphorus found in pH 4.0, 6.0,
and 8.0 which are as follows: 98.5% of H2PO4

− and
1.5% of H3PO4 (pH 4.0), 94% of H2PO4

− and HPO4
2−

of 6% (pH 6.0), and 13.6% to 86.4% of H2PO4
− and

HPO4
2− (pH 8.0).

The evaluation of species distribution in the medium
is critical for interaction studies such as macrostructures
such as humin, which has a diversity of available func-
tional groups. Please note that the two species with a
higher phosphate concentration in the medium are
H2PO4

− and HPO4
2− which exhibit different interaction

sites on the protonation degree (Fig. 1b). The H2PO4
−

species have more sites to form hydrogen bonds while
HPO4

2− species have preferred interaction sites by elec-
trostatic strength.

Based on Fig. 2, the stabilization of phosphate reten-
tion occurs after 15 min of contact between humin and
phosphate, regardless of the pH values. The amount of
adsorbed phosphate by humin was calculated from the
difference between the initial and final concentrations as
described in Eq. 1:

q ¼ C0−Cð Þ � V

m
ð1Þ

According to Eq. 1, q is the amount of phosphate
(mg) adsorbed by humin (g) based on dry mass (mg g−1

humin), C0 and C are the initial and final phosphate
concentrations (mg L−1), respectively, V is the volume of
the final solution, and m is the adsorbent mass (g)
(Souza et al. 2016; Goveia et al. 2013).

The highest phosphate retention in the humin occurs
at pH 4.0 equivalent to 32% of the total phosphate
present in the solution. At pH 4.0, the predominant form
of inorganic phosphorus is H2PO4

− (Fig. 1a). H2PO4
−

has a negative charge; thus, if the humin surface is also
negative, electrostatic repulsion can occur between
H2PO4

− and humin, reducing the interaction degree
(Paula Filho and Marins 2004). However, at pH 4.0
comparing H2PO4

− and HPO4
2−, it is noted that the

species H2PO4
− has a higher number of hydroxyl (Fig.

1b) and less negative charge, and therefore has less
repulsion capacity and a higher ability to form hydrogen
bonds inferring in a higher interaction capacity with
humin. Moreover, the result of pHPZC was 6.35; thus,
at pH 4.0 the humin surface preferably has a positive
charge, favoring the interaction process with H2PO4

− by
electrostatic forces.

The humin-phosphate system at pH 8.0 showed re-
tention by 12% of the total phosphate, while at pH 6.0
the retention was 10%. However, at pH 8.0 there are
higher levels of HPO4

2− than H2PO4
−, suggesting that in

basic medium possible changes on the humin surface
may occur, favoring its greater interaction. According to
Manahan and Manahan (2009), at higher pH values, the
surface metal oxides have a negative net charge due to
the presence of hydroxyl (OH−). In this case, the anions
HPO4

2− are favored during the interaction with metal
oxides due to its capacity to move hydroxyls directly
connected to the material surface. As humin mostly has
inorganic particles in its composition (72.5%), it can
have similar adsorption behavior that occurs on the
metal oxide surfaces. Thus, it is suggested that the
phosphate ions can be adsorbed on the surface of humin
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by the displacement of hydroxyl ions. In addition, for
pH values higher than pHPZC values, the surface of
humin has a negative net charge due to the presence of
hydroxyl ions, which corroborates with the proposed
model and which justifies that the interaction process
is more effective at pH 4.0.

3.3 Humin Complexing Capacity by Phosphate

The complexing capacity of natural materials such as
humic substances, humin, and humic and fulvic acids
has been evaluated as an important characteristic to
understand the capacity of these substances in potential-
ly complex toxic species or nutrients (Botero et al. 2013;

Buffle and Staub 1984; Burba et al. 2001; Ninfant’eva
et al. 1999). The complexing capacity (CC) is usually
expressed in relation to the quantity of analyte that satu-
rates the humin interaction sites. The CC is influenced by
factors such as concentration of humic material (adsor-
bent), the species concentration to be complexed
(adsorbed), pH, temperature, ionic strengths, and other
aspects (Botero et al. 2010; Rocha et al. 2009; Cunha
et al. 2015; Souza et al. 2016).

Several techniques have been used in determining the
complexing capacity such voltammetry, potentiometry,
ultrafiltration, and chromatography. The advantage of
ultrafiltration over other analytical strategies is associat-
ed with their versatility. The ultrafiltration can be used
independent of the adsorbent or adsorbed material tak-
ing into consideration the organic or inorganic material
which is due to the separation method of a physical
process, allowing its use at different pH and ionic
strengths (Burba et al. 2001; Buffle and Staub 1984;
Ninfant’eva et al. 1999).

The humin complexing capacity by phosphate
(Fig. 3) was determined by the intersection of the
two curves related to the concentration of free (not
binding the humin) and total inorganic phosphate
(Botero et al. 2010), considering the parameter equal
to 11.53 mg of phosphate per gram of humin.

Botero et al. (2010) determined that the CC for
samples of humic substances of peat obtained values
of 8.73 mg g−1 for Cu(II), while Rosa et al. (2006) had
obtained 16.21 mg g−1 for aquatic humic substances.
When comparing anionic species, the CC valuesFig. 2 Phosphate adsorption kinetics by humin at pH 4, 6, and 8
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determined for phosphate ions in this study were higher
than those determined by Souza et al. (2014) to humic
substances from soil and water with CN− ions (3.69 and
7.2 mg g−1, respectively). Considering this comparison,
it can be inferred that phosphate ions presents a high
complexing capacity by humin.

3.4 Kinetics Adsorption System of Phosphate
and Humin

The time dependence of adsorption on solid surfaces is
known as adsorption kinetics, which varies according to
particle size, analyte concentration, pressure, tempera-
ture, and adsorption affinity. In order to establish an
equilibrium time for maximum adsorption, different
mathematical models have been used to explain the
adsorption kinetics of different species of organic matter
fractions (Souza et al. 2016).

Normally, simple kinetic models are not used to
represent adsorption on non-homogeneous surfaces be-
cause the transport phenomena and chemical reactions
in these systems are indistinguishable experimentally.
Thus, for these cases, kinetic equations such as pseudo-
first and pseudo-second order are used (Ho and McKay
1999). On the other hand, the sorption diffusion process
can be described by four consecutive steps: (i) transport
in the bulk of the solution; (ii) diffusion across the liquid
film surrounding the sorbent particles; (iii) particle dif-
fusion in the liquid contained in the adsorbent pores and
in the sorbate along the pore walls; and (iv) sorption and

desorption within the particle and on the external sur-
face. In these situations, the kinetic model based on
intraparticle diffusion was employed (Ho et al. 2000).
Therefore, the results were evaluated against three ki-
netic models to evaluate a better process description
about the phosphate and humin system (Table 1). For
the three kinetic models applied in this study, the kinetic
of the pseudo-first-order model, the pseudo-second-
order model, and intraparticle diffusion, the linearization
of the models were performed.

The pseudo-first-order model known as Lagergren
equation (Eq. 2) says that the rate of removal of the
substance adsorbed over time is directly proportional to
the saturation and the number of active sites of the sub-
stance being represented by the following equation in
linear form:

ln qe−qtð Þ ¼ ln qeð Þ−k1t ð2Þ
where qe is the amount of the adsorbed substance (mg g

−1)
in equilibrium, t is the time in minutes, qt is the amount of
the substance (mg g−1) in a determined time (minutes), and
k1 is the constant of adsorption rate (Souza et al. 2016).

The pseudo-second-order model in linear form (Eq.
3) shows that the reaction rate is dependent on the
amount of adsorbed solute on the adsorbent surface
and the adsorbed amount at equilibrium. This model is
represented by the following equation:

t
qt

� �
¼ 1

k2q2e

� �
þ 1

qe

� �
t ð3Þ

where k2 is the constant rate of the pseudo-second-order
model (Bagda et al. 2013).

The intraparticle diffusion model (Eq. 4) was applied
to evaluate the mechanism of kinetics obtained. This
model is characterized when the speed determinant fac-
tor and the adsorbant removal vary with the square root
of time, described by

qt ¼ kPt0:5 þ C ð4Þ
where kP is the intraparticle diffusion constant
(mg g−1 min−0.5), C is a constant related to the diffusion
resistance (mg g−1), and qt is the adsorbed amount
(g−1 mg) at time t (min).

Based on the results of Table 1, it was verified that
the pH constitutes a parameter that influences the
adsorption kinetics, independent of the model. At
pH 4.0, the kinetic of adsorption was more favorable,
possibly due to the high concentration of H2PO4

−

Fig. 3 Humin complexing capacity with phosphate
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specie in the solution, which has a higher number of
hydroxyl and less negative charge, and therefore has
less repulsion capacity and a higher ability to form
hydrogen bonds with humin.

According to the results (Table 1), the kinetic model
that best describes the experimental profile is the
pseudo-second-order model taking into account a time
of 180 min. This can be observed due to its higher
correlation coefficient (r) indicating greater concor-
dance between the results and the model. Furthermore,
the smallest differences between the qexp value and q
(calculated) was for this model. Another fact to be
observed and previously shown is that at pH 4, the r
values are the closest unit both in the pseudo-first-order
model and in the pseudo-second-order model, indicating
a better fit. In addition, in the pseudo-first-order model,
the adsorption process occurs preferentially at high sol-
ute concentration; on the other hand, the pseudo-second-
order model is a characteristic of systems with low
solute concentrations (Azizian 2004), which corre-
sponds with the interaction process between phosphate
and humin.

3.5 Evaluation of Adsorption Isotherms

The adsorption process can be described by different
isotherm models. There are several adsorption models,
but the most widely used for applications in water and
wastewater treatment processes are the Langmuir and
Freundlich isotherms. Figure 4 shows the graphic pro-
file data for the phosphate system and humin, and Ta-
ble 2 shows the calculated values for the mentioned
isotherms.

The Langmuir isotherm is related to a monolayer of
adsorbed substance in the homogeneous surface of the
adsorbent containing identical sites and uniform adsorp-
tion energies. The Langmuir equation of the model is
expressed by

qe ¼ qmax KLCeð Þ
.

1þ KLCeð Þ
h i

ð5Þ

where qmax is the maximum amount of adsorbate
retained on the solid material (mg g−1), KL is the Lang-
muir constant related to the solute adsorption capacity
(L mg−1), and Ce (mg L−1) represents the phosphate
concentration at equilibrium. Equation 5 can be linear-
ized leading to Eq. 6:

Ce

.
qe

� �
¼ 1

.
qm

� �
Ce

h i
þ 1

.
KLqm

� �
ð6Þ

The term RL is dimensional and related to the Lang-
muir model called separation factor, defined according
to Eq. 7:

RL ¼ 1

1þ KLCð Þ ð7Þ

where C is the highest adsorbed concentration (mg L−1)
and KL is the Langmuir constant. If the RL value is
greater than 1, it indicates that the process is

Table 1 Kinetic parameters for the adsorption process between humin and phosphate based on linear form models

pH qexp
(mg g−1)

Pseudo-first order Pseudo-second order Intraparticle diffusion

qe
(mg g−1)

k1 (min−1) r qe
(mg g−1)

k2 (g
mg−1 m in−1)

r kP
(mg g−1 min-0.5)

C
(mg g−1)

r

4.0 2.72 3.03 0.29 ± 0.03 0.9854 2.58 0.14 ± 0.02 0.9967 0.71 ± 0.10 1.45 0.9799

6.0 0.60 1.91 0.04 ± 0.01 0.9474 0.52 0.09 ± 0.01 0.9858 0.08 ± 0.01 0.31 0.9613

8.0 0.92 1.21 0.13 ± 0.02 0.9443 0.88 0.12 ± 0.03 0.9769 0.14 ± 0.03 0.59 0.9589

Fig. 4 Experimental data from adsorption isotherm models for
phosphate system and humin
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unfavorable; if the RL is equal to 1, it indicates a linear
isotherm; and if the value results in 0 < RL < 1, it
indicates a favorable adsorption. Finally, the RL value
is equal to 0, which means that the process is irreversible
(Wan Ngah et al. 2002).

The Freundlich isotherm is related to the multilayer
of the adsorbed substance on heterogeneous surfaces.
For this isotherm, a useful empirical equation is used to
describe these multilayer adsorption systems (Bagda
et al. 2013; Souza et al. 2016):

qe ¼ K FCe
1

.
n ð8Þ

where KF and n are constants related to the Freundlich
adsorption capacity and intensity, respectively. This
equation can be written in linear form:

log qeð Þ ¼ log K Fð Þ þ 1

n
log Ceð Þ ð9Þ

The Langmuir isotherm model is related to adsorp-
tion processes in monolayers, in which adsorption oc-
curs at specific sites of the adsorbent (Langmuir 1916),
where the specific interaction of phosphate with certain
functional groups present on the surface of the humina
could occur. This model assumes that once a phosphate
ion occupies a site, no further sorption can take place at
that site (Voudrias et al. 2002).

The Freundlich isotherm model is associated with
the description of heterogeneous systems (Freundlich
1906). This profile is suitable for a system character-
ized by the higher degree of heterogeneity in the
interaction process during the adsorption process. In
this situation, phosphate could interact with different
chemical groups, increasing the efficiency of the
interaction process.

From the results obtained in Fig. 4 and Table 1, it
was observed that the phosphate adsorption process
with humin responds better to the Freundlich model.
Since phosphate is derived from a weak acid, the
different species present in solution (depending on

the pH) may interact with varied groups on the het-
erogeneous surface of the humin. This is possibly due
to relation of the Freundlich isotherm with multilayer
of the adsorbed substance on the heterogeneous sur-
faces. In addition, the absorption is favored according
to the increase in the phosphate concentration (Fig. 4
and Table 1).

In addition, comparing these results with the litera-
ture (Table 3), the humin adsorption capacity for phos-
phate presented an excellent performance considering
the amount of humin (mg), the equilibrium time, and
phosphate concentration. Some studies have used times
in the timescale, adsorbent masses in grams, and high
concentrations of phosphate. Thus, the humin was
equivalent or better based on the amount of phosphate
adsorbed compared with natural zeolite, goethite,
Nb2O5·nH2O, Fe-Al-bentonite, soil (xanthic ferralsol),
soil (ferralsol), and magnetite Fe3O4·SiO2, showing the
potential of this natural material.

3.6 Humin Application in Domestic Effluent Samples

After evaluation of the humin-phosphate interaction,
the ability of this material to retain phosphate and its
potential to act as a natural adsorbent was observed.
In this sense, humin was applied in a real sample of
domestic wastewater collected in São Paulo State
(Brazil). The experiments were performed in the orig-
inal effluent pH and also at pH 4.0 (optimum pH of
adsorption, according to previous experiments). The
kinetic profiles for phosphate concentration reduction
in wastewater at natural pH and at pH 4.0 (adjusted)
are shown in Fig. 5.

The total concentration of free phosphate in the
effluent was 5.92 ± 0.10 mg L−1 which is greater in
relation to the current legislation in Brazil (Brasil
2011). After humin was added to domestic wastewa-
ter, the maximum reduction occurred where the phos-
phate concentration was around 16% after 180 min of
contact at pH 4.0. These results differ from those

Table 2 Main parameters of Langmuir and Freundlich isotherms for the phosphate system and humin at pH 4

qexp (mg g−1) Langmuir isotherm Freundlich isotherm

qmax (mg g−1) KL (L mg−1) r RL 1/n P (L mg−1) r

9.04 24.21 0.005 0.9640 0.81–0.98 1.26 0.034 0.9897
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found previously, when using the phosphate adsorp-
tion test, observing the retention rate of 32%. How-
ever, in real systems such as municipality wastewater
samples, there are other substances in the medium that
compete with the phosphate sites for complexing/
retention present in humin, which may be associated
with the decrease in retention in real systems.

When evaluating the decrease in phosphate con-
centration by humin in the natural pH of the

wastewater (pH = 7.0), we observed a maximal
phosphate reduction of approximately 13% after
180 min of contact (Fig. 5b). In general, in adjusted
pH to 4.0, there was a better adsorption than in the
original effluent pH. This may be associated with
the distribution of other phosphorus species with an
increasing pH, and the influence of other chemical
species derived from acids or weak bases present in
the evaluated wastewater. Furthermore, the pH

Fig. 5 The effect of phosphate
concentration in the wastewater
with the addition of humin in a
pH 4.0 (adjusted) and b the natu-
ral pH of the effluent

Table 3 Phosphate adsorption capacity (q) from some adsorbents reported in the literature

Material pH Equilibrium
time

Mass Maxima phosphate
concentration
used (mg L−1)

q
(mg g−1)

References

Natural zeolite – 48 h 3 g 500 2.15 Sakadevan and Bavor 1998

Goethite 5.0 3 days 2.0 mg 22 27.5 Borggaard et al. 2005

Nb2O5·nH2O 2.0 30 min 100 mg 1.0 0.22 Rodrigues and Silva 2009

Iron-hydroxide eggshell 7.0 4 h 750 mg 53 14.5 Mezenner and Bensmaili
2009

Al-bentonite 3.0 6 h 100 mg 60 12.7 Yan et al. 2010
Fe-bentonite 11.2

Fe-Al-bentonite 10.5

Bentonite-humic acid
composite

7.0 24 h 20 mg 20 26.5 Zamparas et al. 2013

Soil (xanthic ferralsol) 4.4
3.8

24 h 1 g 200 1.84 Guedes et al. 2016
Soil (ferralsol) 0.82

Magnetita (Fe3O4) – 24 h 100 mg 200 11.2 Lai et al. 2016
Fe3O4·SiO2 – 1.20

Fe3O4·SiO2 with lanthanum
oxide

– 27.8

Humin 4.0 20 min 100 mg 100 9.04 This work
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changes the distribution of positive and negative
charges on the humin surface, where at pH 4.0
preferably positive charges were found contribut-
ing to the adsorption process (pH of the medium <
pHPZC).

These results highlight the potential use of humin
as a natural adsorbent. Humin showed the ability to
retain phosphorus species of the effluent, thus re-
ducing the impact to the environment. To present
heterogeneous characteristics, humin can be easily
separated from the effluent and subsequently applied
in agriculture providing phosphorus availability (es-
sential macronutrient in different cultures); without
negative impact to the soil, a humin is a natural
material.

4 Conclusions

Studies about the interaction of humin-phosphate
demonstrated that humin had the potential to be an
environmental remedial in effluent reducing the
amount of phosphate added to the wastewater. The
results show that the phosphate adsorption process
depends on the pH and at pH 4.0 occurring at max-
imum retention. This possibly occurred due to distri-
bution of phosphate ions in the pH values evaluated.
At pH 4.0, it is present in the preferred form of
dihydrogen phosphate, presenting only a negative
charge. This may explain the greater interaction with
the surface of humin. The humin has negative
charges, then the repulsion will be smaller among
them and different from other phosphorus species
(monohydrogen phosphate), which have two nega-
tive charges. Taking into consideration the systems
studied, the adsorption kinetics followed the mecha-
nism of a pseudo-second order according to the best
fit model at pH 4.0. The phosphate adsorption on
humin was reached from the balance of 15 min of
contact in the humin-phosphate system. Considering
the adsorption process, the best isotherm model was
Freundlich and the humin complexing ability in rela-
tion to phosphate was 11.53 mg g−1. For use in
wastewater, the results showed that there was phos-
phate retention, about 16% showing that the humin
has a potential for phosphate retention reducing en-
vironmental impact. The great interest in this material
is its agricultural use as a source of organic material
and phosphorus.
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