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Kinetic Study and Isotherm Analysis of Organic Matter
Adsorption by a Native Cactus from the Brazilian
Backwoods

Estudo Cinético e Analise das Isotermas de Adsorcdo da Matéria
Orgénica Removida por Cacto Nativo do Sertdo Brasileiro

Guilherme H. S. Candido,? Jackson R. S. Silva,*™ Marcelo B. Lima,*™ Ramom R. Nunes*>*

Under the perspective of the animal welfare, drinking water fountains are frequently reported as of poor
quality, mostly due to the excess of organic matter (OM) in solution. In this study, cactus Pilosocereus
gounellei was applied in the OM removal from samples of goat drinking water. A study of the sorption
process was performed using isotherms and kinetics models of adsorption, using the sorbent in natura
and acid treated. After mathematical treatment, isotherm of Freundlich (type C, constant partition) and
pseudo-second order kinetics were the most suited. Samples treated with acid at higher concentrations
removed a larger amount of OM when compared to in natura (up to 1.6x the own weight). Thus, based
on our findings, the P. gounellei is an efficient alternative adsorbent material in the OM removal from
natural water, intending to the good practices in livestock and animal welfare.

Keywords: Equilibrium isotherm; adsorptive processes; water treatment; natural organic matter; alternative
sorbent materials.

1. Introduction

Livestock farming represents an important global economic activity, characterized by the
animal creation in agricultural systems to produce labor or commodities. In addition, depending
on the economic finality and/or geographical factors, two types of livestock can be applied:
open systems (for instance, pastures) or confinement (corral, fowl run etc.). In both cases,
practices of animal welfare are necessary and of great importance, being applied in all stages
of the animal production, considering mainly the environment influence, facilities, health care,
food and water supply.'-?

Several studies have reported an intrinsic relationship between animal welfare and drinking
water quality. In the animals, water potability affects, for instance, the body temperature
regulation, the digestion, besides metabolic processes of growth, reproduction and excretion. In
addition, many studies have demonstrated that better treated animals are less stressed, resulting
in higher production (e.g., eggs, wool, milk) and/or meat quality (beef cattle), occasioning in
more income generation and promoting the agrarian development.*

An important aspect related to water quality is the level of natural organic matter (OM)
in solution/suspension. In large concentration, OM causes harmful effects on animals (e.g.,
stress, lactation deficit, toxins synthesis etc.). Besides the losses in potability — due to the
presence of color, odor and flavor — a large amount of nutrients and salts can promote a
reservoir eutrophication, proliferating algae and unicellular beings, some of them potentially
pathogenic.”1°

Historically, the presence of OM in water fountains was purely aesthetic: a yellowish-
colored water was considered unfit for consumption.'' However, nowadays, OM is described
as a complex matrix of organic materials present in natural water, as a result of the interactions
between the hydrosphere, soil/sediments and the biosphere. In addition, part of the OM
presents in aquatic environments can be found in the form of aquatic humic substances, mostly
prevenient from the soil, sediment and excretion products; with potential for the proliferation
of microorganisms and the transport of organic contaminants, which can seriously compromise
the animal health.”'2

In the semiarid, finding natural water appropriated for animal consumption is more
challenging. In many regions, livestock is still practiced in archaic systems of production, also
endowed with inadequate procedures that induce several animal illnesses. Particularly in the

@ @ This is an open-access article distributed under the 150
BY terms of the Creative Commons Attribution License


mailto:ramom.rachide%40ufrpe.br?subject=
https://orcid.org/0000-0002-5705-3846
https://orcid.org/0000-0001-7691-7139
https://orcid.org/0000-0001-9290-4354

Candido

Brazilian Backwoods, due to the irregular rainfall pattern,
the supply of food and water for animal consumption is a
problem. Drinking water sources are usually far and present
a high level of OM. Consequently, losses on the animal
weight and stress behavior are often reported, especially
during dry periods, resulting in deleterious effect on the
quality of the final products, decreasing the income of small
ranchers.”!'*!*

Several studies have reported methodologies applied
for the treatment and removal of OM in natural water,
for instance: precipitation, ion exchange, coagulation,
flocculation, ozonation, and filtration; however, these
technologies are usually limited by technical factors or
economically unviable.”'5'7 Thus, the using of natural-
adsorbent materials is an interesting alternative to remove
chemical contaminants, organic or inorganic, present in
the water bodies, via adsorptive processes. Adsorption is a
spontaneous process that occurs on the surface of a solid
(adsorbent), when contacts the contaminant (adsorbate).
Usually involves simple physical processes of just-
deposition, leading to the formation of colloidal structures,
being the contaminant easily operated/removed from the
middle.”-'>'%1° Furthermore, the search for alternative
materials also comprehends the availability in the field
or ranch, easy access, besides to the costs of collection,
transportation and processing; in addition to presenting
favorable chemical and physical characteristics of the
adsorption process.”?

In this study, xique-xique (Pilosocereus gounellei)
was applied in the water treatment, through OM removal.
P. gounellei is a cactus endemic from the Brazilian
Backwoods (Caatinga biome), that cover ~10% of the
Brazilian territory. Physiologically, P. gounellei is a cactus
covered by thorns, which provide consistency, security,
besides serving as a water reservoir. In addition, cactuses
are often used as animal food support during periods
of drought;*'?? and there are no studies on its use in the
treatment of natural waters.

Abundant and easily accessible, P. gounellei was applied
as adsorbent material on the OM removal in natural water
intended for animal consumption. Moreover, removal
processes, through adsorption, involves environmental
physical-chemical concepts, which can be investigated
via mathematical equations, for instance, the Langmuir
and Freundlich adsorption models, providing several
information about interactions between adsorbent and
adsorbate, in addition to characteristics of the surface
covering (mono or multilayer). Thus, after data obtained,
results can support essential information, important to
improve the use of alternative sorbent materials, in addition
to inferring on the adsorbent efficiency and their removal
capacity.'*?!

While Langmuir adsorption model considers the
adsorption in monolayer, in addition to an absence of
interaction between the adsorbed particles; Freundlich
adsorption model considers the adsorption in multilayer, in
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addition to a chemical and physical interaction between the
adsorbed particles and the surface (mathematical equations
presented in the section Materials and Methods).>**

Regarding to the kinetics (in terms of velocity and
removal time efficiency), two models are usually assessed.
Pseudo-first order kinetic considers the occupation speed
of the active sites proportionally to the number (quantity or
concentration) of adsorbate; on other hand, pseudo-second
order kinetic considers an increase in speed as a function
of the square of the adsorbate concentration in solution
or suspension. In general, data of kinetic/velocity can
supply information about the necessary time to an optimal
contaminant removal/water treatment, resulting in economy
of time and money.”

Therefore, this study aimed to use the cactus P.
gounellei — as alternative adsorbent material — in the OM
removal and treatment of natural water intended for animal
consumption.

2. Materials and Methods

2.1. Samples

Samples of P. gounellei were obtained in a cactus
plantation, located at the Federal Rural University of
Pernambuco (UFRPE), campus of Serra Talhada, Brazil
(07°57°117S; 38°17°41”W). Approximately 10 natural
plants with 1 m in height were collected. Initially, cactus
cladodes were collected and the spines removed. Thus, the
material was air-dried, ground in a knife mill, and then
passed through a 2 mm sieves. Approximately

Samples of goat drinking water were collected at
the Espirito Santo Farm, located in the municipality of
Itacuruba, Brazil (8°45°36.6”S; 3°839°37.5"W). After
sampling, levels of total organic carbon (TOC) and
suspended solids (SS) were determined (111.47 mg L' and
16.67 mg L', respectively). Data of organic carbon were
applied in the OM determination, serving as reference in
the tests using real samples. TOC was determined using a
Shimadzu TOC-V CPH spectrophotometer — standard mode
of operation (Kyoto, Japan), and SS using a Sterilifer SX
1.0 DTMC drying oven (Tamandaré, Brazil) and an Acculab
ALC210.4 analytical balance (Rocky Mount, USA).

Samplings were performed in February 2019 (34°C
of temperature and 66 mm of precipitation). Sample
collection, preservation, transport and storage were made in
accordance with the National Guide for Sample Collection
and Preservation (Brazil).?

2.2. Acid treatment

Acid treatment was conducted aiming to modify the
vegetal tissue, leading the pores opening, able to act as
an adsorption site for the OM removal, during the water
treatment.
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Therefore, 10 g of sample (P. gounellei ground and
sieved) and 100 mL of HCI in the concentrations of 0.01,
0.1, 0.5, 1.0, 2.0, and 4.0 mol HCI L-" were stirred during
12 h, at room temperature (25 °C), in a water bath. Then,
the suspension rested during 8 h at 60 °C to evaporate the
chlorine gas (Cl,). Finally, the material was thoroughly
washed with water and then air-dried.

2.3. Turbidity and remaining OM

Aiming to determine the turbidity, water samples were
firstly homogenized on an orbital shaker at 25 rpm during
20 min and then, the suspension turbidity was immediately
determined (standard mode of operation), using an Akso
TU430 digital turbidimeter (Sao Leopoldo, Brazil).

Values of turbidity were associated with the content of
OM dispersed in solution. Considering the water treatment
via adsorptive processes, the content of remaining OM was
determined via linear regression, using an analytical curve,
built using 7 concentration points: 0.0001, 0.001, 0.01,
0.1, 0.25, 0.5, and 1.0 g OM L-'. In addition, the method
sensitivity, limit of detection (LOD), limit of quantification
(LOQ), and recovery were determined.?’

To build the analytical curve, different solutions were
prepared using a dystrophic Red-Yellow Argisol (dRYA,
OM 0.21 gkg"and TOC 0.04 g kg™"), collected in the same
location where samples of goat drinking water were obtained
(8°45’36.6”S; 3°839’37.5”W).

Recovery was calculated comparing the TOC measured
in the water to a sample-control prepared using the dRYA.
Data of TOC were determined using a Shimadzu TOC-V
CPH spectrophotometer (Kyoto, Japan), equipped with a
spectrophotometric detector operating in the infrared region,
model SSM-5000A Shimadzu (Kyoto, Japan).

2.4. Water treatment

2.4.1. Isotherms of adsorption

Isotherms of adsorption were constructed using 0.1 g of
adsorbent (P. gounellei acid modified or in natura) added to 10
mL of aqueous suspension (goat drinking water rich in OM),
in the concentrations of 0.01, 0.1, 0.25, 0.5 and 1.0 mg OM
L' (milligram of organic matter per liter of solution). The
mixtures were stirred during 24 h on a shaking table and
then the adsorbent was removed using a spatula. Finally,
the supernatant turbidity was determined, and via linear
regression, the remaining OM concentration was calculated.

Aiming to assess the adsorption process of the OM
removal, two isotherms were analyzed, based on Langmuir
(Equation 1)* and Freundlich (Equation 2)** adsorption
models:

xK, xC
Qe:Qm L e (1)
1+Q, xC,
1
QezKFXCen (2)
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where Q, is the amount adsorbed per gram of adsorbent, Q,,
is the maximum adsorption capacity, K, is the Langmuir
constant, C, is the equilibrium concentration, 1/n is the
measure of intensity, and K. is the Freundlich constant.

Then, to determine the parameters of sorption C,, 1/n,
0,, and K, or K, the Langmuir and Freundlich isotherms
equations were linearized (Langmuir in Equation 3 and
Freundlich in Equation 4). The most suitable model was
selected according to the plotted equation that presented
an R? closest to 1.0.

g:;+ixq ?3)
Qg QmXKL KL

anezanF+l><1nCe 4)
n

2.4.2. Adsorption kinetics

A study of the adsorption kinetic was conducted using
0.5 g of adsorbent (P. gounellei acid modified or in natura)
added to 10 mL of aqueous suspension (goat drinking water
rich in OM), constantly agitated on a shaking table and
assessed at the predetermined times: 0, 0.5, 1, 6, 12, 24, and
48 h. Then, the adsorbent was removed with a spatula and
the supernatant turbidity was determined. The remaining
OM was calculated via linear regression.

To perform the kinetic study, two models were evaluated,
based on the equations of pseudo-first order (Equation 5)
and pseudo-second order reactions (Equation 6),

dc
d_;dx = kl x (Ce - Cads) (5)

s _ kyx(C, - C,) (©6)

where C,, is the concentration adsorbed at any time, C, is
the equilibrium concentration, ¢ is the time, k; is the pseudo-
first order rate constant, and k, is the pseudo-second order
rate constant.

To determine the kinetic parameters C,, C,, and k,
or k,, the equations of the kinetic models were linearized
(pseudo-first order in Equation 7 and pseudo-second order
in Equation 8). The most suitable model was selected
according to the plotted equation that presented an R?
closest to 1.0.

In(C, — Cop)=InC, —k; xt (7)

ax

t 1 1

Cads k2 X Cez Ce ( )

Finally, the velocity of the OM removal was determined
(Equation 9, if pseudo-first order; or Equation 10, if pseudo-
second order), and a curve was built, indicating the quantity
of OM removed per unit of time.

Rev. Virtual Quim.



Candido

d[oM]

:k e ——
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where v is the velocity (presented in gram of organic matter
removed per hour, g OM h™), k; and k, are the pseudo-first
and pseudo-second order rates constant, and d[OM]/dr and
d[OM]?/dt are the OM derivation in function of the time
(based on the midpoint method).

2.5. Statistical analysis

Procedures of acid treatment and method validation
were conducted in triplicate and data tested for normality
(Shapiro-Wilk test) and homoscedasticity (Bartlett test).
Data Normal and homoscedastic results were presented as
mean followed by the statistical significance test (ANOVA)
and Duncan’s new multiple range test (MRT). Statistical
tests and analyzes were performed using the software IBM
SPSS Statistics v.025. Licensed software.

2.6. Laboratory procedures

The laboratory procedures, analytical or not, were
realized in accordance to the requirements, when applicable,
of the ISO 17025 (General requirements for the competence
of testing and calibration laboratories) and following the
principles of Good Laboratory Practices (GLP), in order
to guarantee data traceability and quality management.?*

All the waste/residues generated during the development
of this study was collected, labeled and conditioned
immediately after produced. The treatment (recycling or
incineration) was carried out according to the rules and
procedures adopted at the Federal Rural University of
Pernambuco (UFRPE).

3. Results and Discussion

3.1. Acid treatment

Initially, acid treatment modified the P. gounellei vegetal
tissue, reducing mass and yield because of the acid attack
on the fibers. In general, the chemical modification yield (1)

varied according to the chlorine acid concentration; in higher
concentrations, more intense were the observed effects,
resulting in a material of blacker color and, quantitatively,
of a lower yield (1) (m/m) (Table 1).

As the method of OM quantification was colorimetric,
the addition of a dark colored sorbent (or able to darken
the medium) could interfere in the turbidity, generating
doubtful results.**¥ Thus, after preliminary tests, only the
concentrations of 0.01, 0.1, 0.25, 0.5, and 1.0 mol HCI L'
were assessed in this study, since they increased the potential
of adsorption without interfering negatively on the turbidity
results.

3.2. Analytical method validation

A method was validated aiming to aggregate reliability
to the results of turbidity in natural water samples. Firstly,
an analytical curve was built, ranging the concentrations
from 0.0001 to 1.0 g OM L', and a R? 0of 0.9998, indicating
a suitable linear correlation; in addition to small values of
the uncertainties: S, (0.44 NTU), S,(0.99 mg OM L),
and S, (0.19 NTU). Among the reported uncertainty, S, is
the most important, since the turbidity values (y-axis) is
strictly correlated to the calculated value of OM (x-axis)
(0.44 NTU = 18.5 ug OM L") (Table 2).

Regarding the method limits, results of LOD and LOQ
were determined in small values of 0.12 and 0.41 mg OM L,
respectively (Table 2). These concentrations are up to
18x smaller than the content of OM observed in natural
water bodies, around 2.2 mg OM L in oligotrophic lakes
or wells,* indicating a robust range of method operation.

Thus, considering the value of LOQ (0.41 mg OM L)
and the highest concentration in the analytical curve
(1.0 g OM L"), the validated method presented a
working range in the interval of concentrations between
0.41 mg OM L' and 1.0 g OM L-". In addition, values of
recovery (88.6%) and sensibility (15.5) indicated a small
matrix interference, as expected.

Finally, in conditions tested on this method, our findings
indicated that is possible to use a turbidimeter in the OM
determination in natural waters, with analytical security and
reliability on the taken results. However, we consider that
natural waters are a mixture of different elements, which
could interfere in the turbidity results. Thus, although
interferences can occur, the matrix effect was observed as the
minimum as possible, without invalidating the obtained data/
results. In cases of higher importance, this method could be

Table 1. Chemical modification yield (n) (m/m) using HCI in different concentrations on the acid treatment of
cactus P. gounellei (mean followed by Duncan’s test, n = 3, on dry matter basis)

HCl/mol L!
0.01 0.1 0.25 0.5 1.0
N (% m/m) 96.6¢cd 94.7cd 83.4c 77.2b 59.9a

Values in the same column followed by the same letter are not statistically different at p < 0.05 from each other,

according to ANOVA One-way and Duncan’s test

Vol. 15, No. 1
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Table 2. Validated method parameters applied in the organic matter determination in natural

water using a turbidimeter

Parameter of validation

Data

Analytical curve (n=7) *

R2

Working range

Sensitivity

Limit of detection (LOD)
Limit of quantification (LOQ)
Recovery (%)

Y+ 4.44 = (15497 £0.99 x) + (=2.44 £ 0.19)

0.9998
0.41 mg-1.0 g OM L"!
155
0.12mg OM L"!
0.41 mg OM L-!
88.6%

* Analytical curve was built following the formulay £ S, = (a £ S,x) + (b £ S,). PARAMETERS:
yis the turbidity (in NTU), x is the OM concentration (in mg L"), and S values are the uncertainties

(S, and S, in NTU; S, in mg L).

applied in a semiquantitative data acquisition, instead of a
quantitative application.

3.3. Adsorption processes

Evaluated under the perspective of the Environmental
Physical-Chemistry, the use of P. gounellei was efficient
in removing OM from the sample waters, and the results
varied according to the type of sorbent (in natura and acid
modified). In addition, the concentration of removed OM
was proportional to the quantity of adsorbent. When the OM
concentration was fixed in 0.5 mg L', the quantity removed
proportional to the contact time. The maximum contact time
was adjusted to be 48 h, due to economic issues, and the
calculated curve supported sufficient data (as preliminary
results) to carry out a study of the adsorption kinetics.

Thus, data of the remaining OM and the adsorbent
concentration were plotted according to Langmuir and
Freundlich adsorption models (Equation 3 and Equation 4).
When compared the values of R? (via linear least squares

regression) (Table 3; Figure 1), Freundlich adsorption
model was the most suited to the investigated adsorption
process (R? ranging from 0.9871-0.9999 in Freundlich,
against 0.0293-0.3419 in Langmuir; Table 3). Freundlich
adsorption model considers the covering surface of the
adsorbent material occurs in multilayer, with the formation
of colloidal structures from the fixation of the OM on the
adsorbent surface.?*

Once the mathematical model of the adsorption isotherm
was taken, the type of isotherm was also evaluated, according
to Giles et al. (1960).%* Thus, isotherm of type C (constant
partition) was the best-fit line, in all samples. Type C
isotherms are characterized by the process of constant
partition between the concentration of the solute presents in
the suspension and the number of adsorption sites, indicating
a great affinity between the adsorbent (P. gounellei) and the
adsorbate (OM). In addition, the linear form indicated how
the number of adsorption sites remains constant during the
adsorptive process; denoting that adsorption and desorption
occur simultaneously until the establishment of the physical-

-~ -L5
2
=/
g 2.0 m0.00 €0.01 A0.1 0.25 mo.s *1.0
y=0.9317x - 2.6311
2.5 R?=0.9871
y=0.9973x - 2.0234
3.0 R*=0.9999
y = 1.0026x - 2.0112
R?=0.9997 L 4
-3.5
y 1.0187x - 1.5987
R*=0.9993
40 y =0.9885x - 2.0383
R*=0.999
45 y =0.9868x - 2.0318
R?=0.9997
-5.0
-5.5
@&
-6.0
4
-6.5
-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
In(Ce)

Figure 1. Freundlich adsorption isotherms for the OM removal using the P. gounellei acid-modified
(0.001-1.0 mol HCI L") and in natura (0.0)
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Table 3. Adsorptive parameters of the Freundlich and Langmuir isotherms calculated for the adsorption process for the removal of organic matter presents

in natural water using the cactus P. gounellei (acid-modified and in natura)

[HCI1] / mol L

Isotherms
0.00* 0.01 0.1 0.25 0.5 1.0

1/n 0.9291 0.9973 1.0026 1.0187 0.9885 0.9868
Freundlich K,/ (mg OM g") (gmg™")"  68.67x1073 132.21x107 133.83x1073 202.15x1073 130.24x107 131.09x107

R? 0.9871 0.9999 0.9997 0.9993 0.9990 0.9997

K,/ gmg! 47.11x107* 6309.15x10  4480.28x10~*  2792.51x10~°  1328.90x10~°  1213.84x107*

Langmuir 0,/ mg OM g 201.33 216.49 296.29 684.38 1,024.00 1,133.93

R? 0.3419 0.0457 0.0293 0.1338 0.0831 0.2258

* Sample and concentration 0.00 mol HCI L' refer to the sample in natura, non acid-treated. ACRONYMS: 1/n Adsorption intensity; Q,, Maximum
adsorption capacity; K, Constants of Langmuir; K. Constants of Freundlich; R? Coefficient of correlation.

chemical equilibrium. Regarding to the linearized Langmuir
and Freundlich isotherms equations, linear parameters were
calculated, and through the angular and linear coefficient,
the parameters of adsorption (1/n and K;) were determined
(Table 3).

The parameter 1/n (adsorption intensity) indicates if
the adsorption is favorable or not (considering chemical
characteristics of both, surface and adsorbate), where the
value of n indicates the heterogeneity of the adsorbent surface.
In addition, 1/n ranging between 1-10 represents the most
favorable conditions for the adsorptive processing.'*¥36 As
presented in Table 3, all values of 1/n were observed close
to 1 (ranging from 0.98 to 1.01), representing favorable
adsorption conditions. In addition, samples of P. gounellei
submitted to an acid treatment increased significantly their
intensity of adsorption. Best result was obtained in the sample
0.25 mol HCI L', presenting a 1/n of 1.01, approximately
10% higher than in the sample in natura, which showed the
smallest value of 1/n, 0.92 (Table 3). Thus, we consider that
the acid treatment changed the adsorbent structure, probably
increasing the amount of pores on the surface, besides
changing the chemical structure, promoting a more intense
adsorption and affecting the physical-chemical balance,
intensifying the adsorption in relation to the desorption.

When analyzed the K constant (Table 3), all calculated
values were higher in the samples treated with acid when
compared to the in natura. Values calculated for 0.01, 0.1,
0.25, 0.5 and 1.0 mol HC1 L~! were similar, presenting a K.
of ~ 132x1073 (mg OM g™') (mg L")""". The most significant
differences were observed in the sample in natura,
K=68.67x107 (mg OM g") (mg L"), and in the sample
0.25 mol HCI L™, K. =202.15%107% (mg OM g~') (mg L"),
presenting 197% of difference.

Regarding the adsorption kinetics, at the final time
(48 h), all the OM content was completely removed
only in the samples 0.5 and 1.0 mol HCI L-'. Samples
0.00, 0.01, 0.1 and 0.25 removed 67, 65, 76, and 79%
of OM, respectively (Table 4). Considering the adsorbed
data concentration versus time, the results were plotted
according to the mathematical models of pseudo-first
order and pseudo-second kinetic orders. Following the
linear coefficient of correlation (R?) (Table 4), the pseudo-
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second kinetic order was the best-fit line, showing a R?
ranging from 0.9887-0.9988 in pseudo-second order, versus
0.9326-0.9770 in pseudo-first order (Figure 2).

After determined the kinetic model of adsorption, the
equations were linearized and, through the angular and
linear coefficients, kinetic parameters (C,, C,, and k,)
were calculated. Values of C, varied between 1.637 and
1.646 g OM g~' (gram of OM per gram of adsorbent). These
values indicated that the adsorbent can adsorb 60% higher
than the own weight (m/m), as expected, since the isotherm
model indicates the multilayer formation, allowing successive
adsorption until reaching equilibrium (Table 4).%433-3

Comparing the values of C,, P. gounellei acid-treated
under soft conditions (0.01 and 0.1 mol HC1 L") presented
the highest equilibrium concentration (C,=1.683 g OM g~!,
Table 4). A high value of C, indicates that the equilibrium
is reached at higher concentrations of removing OM, which
requires more time, during successive adsorption-desorption
on the covering surface.”>* In addition, the smallest value
was calculated in the sample in natura, C,= 1,637 gOM g~

Finally, considering the pseudo-second order rate
constant, values of k, (Table 4) were estimated using the linear
coefficient of the pseudo-second order equation. Samples
in natura and acid-treated under soft conditions (0.01 and
0.1 mol HCI L") presents a k, around 12x10~ L g='h™';
samples treated at 0.25, 0.5 and 1.0 mol HCI L-! presented
the following velocity constant: 23x107%, 32x10~° and
49x107° L g7' h™!, respectively. The best result was obtained
in the sample treated with 1.0 mol HCI L', 282% higher than
the sample in natura, reinforcing that the acid treatment was
favorable to the adsorptive process in most of the analyzed
attributes.

Once the velocity constant was determined, the relative
velocities were calculated. Results varied depending on
the amount of OM removed per unit of time, at a rate of
k,x d[OM]*/dt (Table 5).

In relation to the acid-modified samples, those treated
with more concentrated HCI presented higher velocities,
resulting in a shorter removal time (Figure 3). For instance,
sample 0.5 and 1.0 mol HCI L' presented a v, (velocity
between 0.0 and 0.5 h) of 16.8x102and 18.0x10>g OM h™!
(gram of organic matter removed per hour), respectively;
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Figure 2. Pseudo-second order adsorption kinetics for the OM removal using the P. gounellei acid-modified
(0.001-1.0 mol HCI L") and in natura (0.0), at different contact times (0.5-48 h)

Table 4. Kinetic parameters of pseudo-first and pseudo-second order mathematical models for the adsorption process for the removal of organic matter
presents in natural water using the cactus P. gounellei (acid-modified and in natura)

[HCI1] / mol L!

Kinetic model Parameters
0.00% 0.01 0.1 0.25 0.5 1.0
C./gOMg" 1.460 1.365 1.265 1.195 1.028 1.045
Pseudo-first _ ~ ~ ~ ~ ~ ~
P k, /b —118.079x10°  —116290x10°  —106.445x10°  —108.541x10°  —104.142x10°  —166.448x10"
R? 0.9604 0.9690 0.9770 0.9720 0.9326 0.97254
C,/gOMg" 1.637 1.683 1.683 1.671 1.647 1.646
z:;‘e’f"'sec""d k,/Lg"' h 12.9x10°3 12.6x10°3 12.6x10°3 23.7x10° 32.0x10° 49.4x10°3
R? 0.9868 0.9891 0.9912 0.9963 0.9982 0.9997

* Sample and concentration 0.00 mol HC1 L' refer to the sample in natura, non-acid-treated. ACRONYMS: C, Equilibrium concentration; k, Pseudo-first
order rate constant; k, Pseudo-second order rate constant; R? Coefficient of correlation

and v, (velocity between 0.5 and 1.0 h) of 21.3x10 and In addition, sample in natura presented the same velocity
22.8x102 g OM h'. Considering the quantity treated at observed in the sample 0.5 mol HCI L™ (16.8x102g OM h™),
the first hour, ~70% of all OM were removed. In the other however, v, between both samples were different in 126%
samples, these quantities were quantified around ~ 40-50%, (21.6x107% in sample in natura and 38.0x10 g OM h™! in
and the velocities varied between 0.08-0.592 ¢ OM h™'. sample 0.5 mol HCI L'; Table 5).

Table 5. Velocity of OM removal in function of the time (v = —k, xd[OM]%dr) using the cactus P. gounellei
(acid-modified and in natura)

Sample —k, x d[OM]%/dt (g OM h?) *

(mol HCIL™) 0-0.5h 0.5-1h 1-6h 6-12h 12-24h 24-48 h
0.00%* 16.8 26.4 39 1.7 1.7 0.1
0.01 8.0 48.0 32 1.8 1.5 0.1
0.1 13.4 48.0 32 1.7 1.3 0.2
0.25 10.2 59.2 3.8 1.8 0.9 0.1
0.5 16.8 59.2 4.3 1.7 0.6 0.1
1.0 18.0 61.2 53 1.4 0.4 0.0

* [OM] refers to the concentration of removed OM; values on scale x1072. ** Sample and concentration
0.00 mol HCI L' refer to the sample in natura, non-acid-treated

156 Rev. Virtual Quim.



Candido
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Figure 3. Remaining [OM] monitored during the adsorptive process using the cactus P. gounellei acid-modified
and in natura at different times of adsorption (0-48 h)

Based on this result, is possible to consider that sample
in natura initially had the same quantity of adsorption
sites present in the samples treated with HCI in soft
conditions. However, sites saturation occurred in the first
minutes of adsorption, removing approximately 21%
of the OM in solution, decreasing in the next calculated
velocities. Statistical differences evidenced that higher
acid concentrations leaded to a production of a material
of higher efficiency and potential to be applied in the
treatment of natural water bodies rich in organic matter, in
special those used as drinking fountain in animal creations/
livestock activity.

4. Conclusion

The present study confirms that is possible to remove
the OM present in natural water using the P. gounellei
as an alternative adsorbent, intending the good practices
in livestock and animal welfare. Isotherm of Freundlich
(type C) and kinetics of pseudo-second order were the
best-fit in the elucidation of the adsorptive processes.
Samples of natural waters are significantly clear of OM
(93-99% of remotion) using samples treated with 0.5 and
1.0 mol HCI L', In a future perspective, we propose to
scale-up the technology and treat larger volumes of natural
waters, in addition to evaluating the effect on animal welfare.
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