ARTIGOS

EVALUATION OF A SUBSTRATE-PLANT SYSTEM CONTAINING
EFLUENT TREATMENT PLANT SLUDGE FROM A PAINT INDUSTRY

AVALIACAO DE SISTEMA SUBSTRATO-PLANTA CONTENDO LODO DE ESTACAO DE
TRATAMENTO DE EFLUENTES PROVENIENTE DE INDUSTRIA DE TINTAS

LUIZE KEHL BICKEL | UNISINOS

MARINA REMIAQ DOS SANTOS | UNISINOS
BETHANIA BROCHIER, Dra. | UNISINOS

IARA JANAINA FERNANDES, Dra. | UNISINOS
REGINA CELIA ESPINOSA MODOLO, Dra. | UNISINOS

ABSTRACT

The latex paint industry uses drinkable water on a large scale in its process. After used, it goes to effluent
treatment plants (ETP), generating a sludge as a by-product. Currently, this residual sludge is disposed in
co-processing furnaces, which creates a problem due to the high costs associated with this process This
study aims to evaluate the viability of using the ETP sludge from a local latex paint industry as a substrate
in the farming of Lobularia maritime. In total, five treatments composed by different amounts of sludge
and substrate were performed, one being the control, containing 0% of sludge, and the others in the
proportions of 10%, 20%, 30%, 40% (substitution in volume of substrate for sludge). The sludge samples and
the five treatments were characterized by pH, electrical conductivity (EC), total content of soluble salts
(TCSS), bulk and dry density, moisture content and particle size distribution analyses. In addition to the
previous mentioned analyses, for the sludge samples, X-ray fluorescence analyses (XRF), thermo-
gravimetric analysis (TGA/DTG) and specific mass determination were also performed, and for the
treatments studied, analyses of porosity, water retention capacity and plant growth were carried out. In
all treatments evaluated, the results of EC and pH were within the parameters established by the
literature. The chemical analysis showed that the sludge is composed mainly of calcium (Ca), titanium
(Ti), silicon (Si), aluminum (Al) and iron (Fe). As for the physical characterization, it was found that the
incorporation of the residue results in an increase in density and a decrease in moisture content and in the
average diameter of the system particles, negatively affecting the water retention capacity, total porosity
and, possibly, the amount of micropores. All treatments showed plantular development, concluding that,
when used in low proportions (up to 10% v:v), the sludge has potential use as a partial substitute material
for substrate to produce seedlings.
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RESUMO
A industria de tintas ldtex utiliza em seu processo dgua potdvel em larga escala. Apds o uso, esse insumo
segue para estacbes de tratamento de efluentes (ETE), gerando como subproduto um lodo. Atualmente, o
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descarte desse lodo residual se dd através de envio para fornos de coprocessamento, o que gera uma
problemdtica devido aos custos elevados associados a este processo. O presente trabalho tem como
objetivo avaliar a viabilidade de utilizacGo do lodo da ETE de uma empresa de tintas ldtex como
substrato para a producdo e cultivo de Lobularia maritime. Para isso, foram realizados cinco
tratamentos, compostos por diferentes quantidades de lodo e substrato, nas proporcées 10%, 20%, 30%,
40% (substituicdo em volume de substrato por lodo) e uma testemunha, 0% de lodo. As amostras de lodo e
os cinco tratamentos foram caracterizados quanto ao pH, condutividade elétrica (CE), teor total de sais
soluveis (TTSS), densidade aparente e seca, teor de umidade e granulometria. Para as amostras de lodo,
além das andlises supracitadas, foram realizadas, ainda, as andlises de fluorescéncia de raio X (FRX),
andlise termo-gravimétrica (TGA/DTG) e determinacdo da massa especifica. Nos tratamentos estudados,
foram também realizadas as andlises de porosidade, capacidade de retencdo de dgua e desenvolvimento
plantular. Os resultados de condutividade elétrica e pH, encontraram-se dentro dos pardmetros
estabelecidos pela literatura em todos os tratamentos avaliados. A andlise quimica mostrou que o lodo é
composto majoritariamente por cdlcio (Ca), titdnio (Ti), silicio (Si), aluminio (Al) e ferro (Fe). Quanto a
caracterizagdo fisica, verificou-se que a incorporacdo do residuo resulta no aumento da densidade e
diminuicdo do teor de umidade, assim como, do didmetro médio das particulas do sistema, afetando
negativamente a capacidade de retencdo de dgua, porosidade total e, possivelmente, a quantidade de
microporos. Todos os tratamentos apresentaram desenvolvimento plantular, concluindo-se que, quando
utilizado em baixas proporcées (até 10% v:v), o lodo apresenta potencial uso como material substituto
parcial de substrato para a producdo de mudas.

PALAVRAS CHAVE: Substrato; Lodo de ETP; tintas ldtex; Plantas ornamentais; Germinacdo.

Effluent treatments’ sludges are considered a

1. INTRODUCTION
. ) ) . potential biomass for substrates, due to the high
Although the Brazilian national paint market is levels of organic matter present in its

already consolidated, being among the five
largest v_vo.r!dwide paint markets, it still presents such as density reduction, increased water
the possibility of growth (ABRAFATI, 2020). retention capacity, increased total porosity, and
This industry uses potable water on a large scale others (BARBOSA; TAVARES FILHO; FONSECA,
for several purposes, among them, for cleaning 2007; FERMINO, 2003). Several authors have
operations (CETESB, 2008). According to Jewell studied the application of different types of
et al. (2004), the washing waters represent sludge in soil as a potential agricultural substrate
approximately 65% of the total volume of and the results they found were satisfactory.
effluents generated in the paint industry. To be Farias (2018) evaluated the effects on soil

reused in the process or discharged into water fertility with the application of sewage
bodies, the effluents are treated in effluent sludgebiochar and concluded that its use resulted

treatment plants (ETP). As a result of the in greater absorption of nutrients; Sampaio et

composition, which can bring benefits to the soil,

called sludge is produced, which is a solid or
pasty residue that contains impurities from
wastewater (ZHANG et al., 2017).

According to the Brazilian legislation, solid waste
must have an environmentally appropriate
destination (BRASIL, 2010). Nowadays, the most
commonly alternative used in latex paint
industries for waste sludge disposal are landfills
or co-processing furnaces. However, final
disposal should be the last resource adopted,
seeking, first, to reuse the waste, transforming it
into a product with added value (JEWELL et al.,
2004; RAHIMI et al. 2019).
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sludge in soil, applying it in natura and aiming to
evaluate its effect on the recovery of degraded
areas. Santos et al. (2014) and Nascimento et
al. (2020) characterized sludges of different
origins in their work and evaluated the impact of
their application on soil. Both concluded that the
sludge is a compound rich in organic matter and
important nutrients for the soil, and, taking
precautions with heavy metals levels, its
application is beneficial.

Although the literature on sewage sludge
application on soil is vast, the same cannot be
said for sludge from effluent treatment plants in
the latex paint industry. Most studies related to
this industry’s wastewater sludge address the
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possibility of incorporating this material in
ceramic blocks to improve their physical and
mechanical properties, mostly due to the high
content of calcium and magnesium carbonate
present in this residue (LODEYRO, 2011).

Due to the inputs used in the production of latex
paints, it is believed that the sludge from this
industry has some organic load, high mineral
load, absence of heavy metals that could be
harmful to the environment and desirable
physicochemical characteristics for the
composition of substrates. The reuse of this
industrial waste as a substrate for ornamental
plants can be a viable strategy from an
economic, environmental, and social point of
view. Therefore, the present study aims to verify
the potential use of the latex paint industry
wastewater sludge as a substrate in the
production of seedlings for ornamental plants.

2. LITERATURE REVIEW
2.1 Paints

The paint is a homogeneous and stable mixture
of resins, additives, pigments, fillers, and
solvents  (DINIZ, 2009). The components’
proportion and distribution during the paint
fabrication will be the responsible for the
different types of paints in the current market
(DINIZ, 2009; GOLDSCHMIDT; STREITBERGER,
2007; IKEMATSU, 2007).

The paint industry is segregated in segments
according to the market the paint is intended
for, being classified in i) architectural, ii)
automotive, iii) automotive refinish and iv)
industry inks (ABRAFATI, 2020; CETESB 2008).
The most representative segment in the national
market is the architectural, which, in 2019, was
responsible for approximately 82.1% of the total
volume of the manufactured paints (ABRAFATI,
2020; DINIZ, 2009).

Within the segment of architectural paints, the
paints are again segmented according to their
purpose and the base wused for their
manufacture, being subdivided into organic
solvent-based paints and aqueous solvent paints
(latex), the second being the most
commercialized worldwide (DINIZ, 2009).

The manufacturing is defined according to the
material used as base and it is carried out in
batches, to facilitate the possible adjustments
required to achieve the desired final properties
(CETESB, 2008). The process follows a sequence
of steps, starting at the pre-mixing and
dispersing stage, going through the completion
and filtration stages and ending at the paint
filling and storage stage. Throughout the
process, there is a constant flow of inputs and
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outputs of materials. The inputs are the raw
materials needed for each stage, and the outputs
are the waste generated (CETESB, 2008;
CUSTODIO, 2014; LIMA, 2015; MICHALOWSKI et
al., 2019). In the industry in question, the
environmental liabilities generated on a larger
scale are effluents and solid waste.

The main source of effluents in the paint
manufacturing industry comes from washing the
tanks used in the process and the factory
facilities, and, due to the diversity of inputs used
throughout the manufacturing process, the
effluent  composition is quite diverse.
(CUSTODIO, 2014; MICHALOWSKI et al., 2019).
The removal of the contaminants present in the
effluents is carried out through physical-
chemical processes (pre-treatment and primary
treatment) followed by biological processes
(secondary treatment). The main goal of the
physical-chemical treatment is the removal of
the solids and the reduction of turbidity. For
this, chemical compounds are added to promote
the processes of coagulation, flocculation, and
sedimentation (CUSTODIO, 2014; GUEDES, 2018;
LIMA JUNIOR; ABREU, 2018; FRAISOLI, 2019).
According to Guedes (2018), the most commonly
used inorganic coagulants are aluminum and iron
salts and biopolymers.

Sludge is the solid or semi-solid residue
generated by the sedimentation of particles
formed through the processes of coagulation and
flocculation during the industrial’s effluent
treatment process, previously described.

The characteristics of the sludge generated by
this industry vary, insignificantly, according to
the ink produced and the type of product used to
carry out the effluent treatment. Few studies
have been found addressing this waste
specifically. It is believed that, due to its origin,
the sludge presents a high mineral load, from the
pigments and fillers used throughout the process,
and, also, some organic load content, from the
products used in the effluent treatment.
Depending on the inputs used in the manufacture
process, the sludge may also contain traces of
heavy metals in its composition (CETESB, 2008).

2.2 Plant Substrates

According to Guerrini and Trigueiro (2004), the
substrates are responsible for providing the
appropriate  conditions for the growth,
development and quality/vitality of the plants,
providing better physical, chemical and
biological conditions. The substrate must not
only provide sufficient amounts of nutrients,
water and oxygen, but also have the adequate
pH and conductivity for the cultivated species
and a composition free of toxic substances,
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pathogens and invasive plant seeds (GUERRINI;
TRIGUEIRO, 2004; LIMA et al., 2006; SANTOS,
2013). Fonséca (2001) states that any variation in
the composition of the substrate can alter the
seedling production process, which can cause
problems from the non-germination of the seeds
to the irregular development of the plants. Thus,
it is important to understand the relationship
that the physical-chemical characteristics of the
soil culture has with the plant and root
development, since these parameters vary
according to the substrate used (FERMINO, 2003;
TRAZZI, 2011). According to the literature, the
ideal substrate must have some essential
physical qualities for the proper development of
the root system, as low density, high porosity,
good water retention capacity, free drainage,
and adequate aeration. In addition, it also must
present the ideal amount of nutrients and be
free from contaminants. Substrates with
nutrients in excess are not recommended, since
excess soluble salts can hinder plant growth
(FONSECA, 2001; LIMA et al., 2006; TRAZZI,
2011). In addition, the substrates must be
economically viable, easy to obtain and have
physical-chemical and morphological
characteristics of little or no variation (GABIRA,
2018).

For Delarmelina et al. (2014), most commercial
substrates formulations are low in mineral
nutrients, which is essential for plant growth. To
bypass this problem and improve the attributes
of the substrate, the use of organic components
is common. Trazzi (2011) evaluated the use of
industrial and agro-industrial waste as substrates
to produce forest seedlings, demonstrating that
the physical and chemical properties of the
substrates used are directly related to the
growth of the seedlings. Silva et al. (2014)
evaluated the growth of seedlings in treatments
made up of different substrates, concluding that
treatments using residues with a high content of
organic matter showed high potential for use as
an alternative substrate. Santos et al. (2014)
characterized the physical-chemical properties
of substrates based on sewage sludge, in
different combinations, concluding that this
residue had a positive impact on fertility and the
amount of nutrients available in the substrates.

2.3 Effluent Treatment Plants
sludge usage in agriculture

The use of sludge from effluent treatments
plants (ETP) as soil substrates is considered
promising from an agricultural point of view,
since they have high levels of organic matter and
mineral compounds in their composition, which
can benefit the soil-plant system, improving the
physical-chemical characteristics of the medium,
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such as density, porosity, water retention
capacity, among others (BARBOSA; TAVARES
FILHO; FONSECA, 2007; FERMINO, 2003). The
quality of the sludge is related to its generating
source. Though all the sludge has a certain
organic load in its composition, those generated
by sewage and water treatment plants have
higher levels of organic matter, while those from
industrial effluent treatment plants have
characteristics of the industry that originated
them (FARIAS, 2018).

The disposal of sludge in soil is a frequent
practice in several countries, such as the United
States, China, Germany and Japan, being
considered the most viable alternative, from an
economic and environmental point of view, for
the disposal of this waste (FARIAS, 2018;
MARTINS, 2020). Currently, in Brazil, the
agricultural use of sewage sludge is regulated by
CONAMA Resolution 375/2006, which establishes
the criteria and restrictions for this practice. The
resolution limits the concentration of potentially
toxic substances and defines criteria for the
waste usage and the crops that can receive the
disposal of the material. For Martins (2020), the
reuse of this residue as a substrate in agriculture
can be quite advantageous, as it reduces
operating and treatment costs, increases
agricultural sustainability, and improves the
physical, chemical, and biological quality of the
soil.

In the last decades, several studies have been
carried out involving the use of different types of
sludge from ETP in agriculture, aiming to
evaluate the benefits that its use can offer.
Delarmelina et al. (2014) studied the application
of different substrates to produce Sesbania
virgata seedlings and concluded that the best
growth performance in height and diameter of
the seedling occurred when using treatments
containing sewage sludge in its composition.
Santos (2013) also concluded, through his study,
that the use of sewage sludge positively
impacted the growth of the studied seedlings,
improving the morphological and physical-
chemical characteristics of the cultivation
medium.

In the researches carried out by Santos et al.
(2014) and Nascimento et al. (2020), sludges of
different origins were characterized in order to
assess the impact of their application on the soil.
Both demonstrated, through their results, that,
with some care regarding the existence of heavy
metals, their use in agriculture is viable and
beneficial to the soil, since these residues are
rich in organic matter and nutrients. Sampaio et
al. (2012) studied the effects on the physical
characteristics of the soil caused by the
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application of fresh sewage sludge in degraded
areas, and found that the disposal of sludge
resulted in improvements in the moisture
content and porosity of the studied soil.

Although the results found in the literature
regarding the application of sludge in the soil are
satisfactory, the use of this residue in an
unregulated manner can present risks to human
health and to the environment, such as soil and
groundwater contamination caused by the
presence of metals, synthetic organic
compounds, or pathogens in the waste (FARIAS,
2018; MARTINS, 2020). Thus prior to the usage of
this residue as a substrate, it is extremely
important to characterize it, to verify the
presence of compounds in its composition that
could be dangerous to the environmental.

3. METHODS

The experimental program adopted in this study
was divided into three stages. More details about
each stage are presented in the following
subsections.

3.1 Sludge sampling and
preparation

The sludge used in this research is an industrial
residue from the ETP of a latex paint company
located in the metropolitan region of Porto
Alegre, Rio Grande do Sul, Brazil, which treats
effluents from the cleaning process of both
colored and white paint tanks. The sludge
sampling took place according to the process
described in ABNT NBR 10007: 2004.

To ensure a greater representativeness of the
samples, the sampling was performed at four
previously determined points of the filter press,
approximately every 20 plates, and at the four
ends of the plate, during a period of 5 days. The
collected samples were stored in plastic bottles,
at room temperature. Later, they were
homogenized in the laboratory and submitted to
a drying process, which was carried out in an
oven for 24 h at a temperature of 105 ° C. Figure
1 shows the sludge plate formed during the
process, with the ends where the sludge was
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Figure 1. Sludge plate with the demarcations of the sample
regions. Source: Authors.

3.2 Characterization of the samples

The characterization of the sludge samples was
carried out in accordance with the instructions
provided in the Normative Instruction IN SDA
n°17 of MAPA, which regulates the official
analytical methods for carrying out the analysis
of substrates and soil conditioners and using
methodologies adapted by the institution’s
laboratories. The pH of the samples was
determined according to IN n°17.

The pH of the samples was determined according
to SDA IN n°17 of MAPA (2007). For this, the dry
sample was added to a beaker with deionized
water in the proportion of 1: 5 v:v. The solution
was submitted to medium agitation, in an orbital
shaker, for 10 minutes followed by a 15 minute
rest period. After this time has elapsed, the pH
was measured with the help of the TECNAL pH
meter, previously calibrated. The electrical
conductivity was determined to evaluate the
content of water-soluble electrolytes in the
substrates. The experimental procedure was the
same used to determine the pH. The electrical
conductivity was measured with the TECNAL
conductivity meter, model Tec-4MP. The salinity
of the samples was determined using the method
proposed by Fermino (2003), which relates the
total content of soluble salts (TCSS) present in
the sample with the electrical conductivity,
according to equation (1), where TCSS is the
total content of soluble solids ( kg / m3), EC is
the electrical conductivity (dS / m), f_c is the
correction factor to express the EC in mg of KCl
per liter of substrate, with a value equal to
5.6312, according to Fermino (2003) (km / dS )
and p_a is the wet density of the sample (kg /
m3).

EC.fr-0n
1000

TC55 = €))

The moisture content was also determined using
the methodology of IN SDA n° 17 of MAPA (2007).
For the analysis, approximately 5 g of the sample
were weighed in porcelain crucibles, which were
subsequently taken to the oven at 105 ° C for 24
h. This parameter can be represented on a wet
or dry basis. The moisture content on a wet basis
(U_bu) is the relationship between the water
mass and the total mass of the sample, as
represented in equation (2), where U_bu is the
moisture content on a wet basis (%), m_T is the
total mass of the sample before the oven (g),
m_a is the mass of water contained in the
sample (g) and m_s is the mass of the dry sample

(g)-
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For the determination of the apparent density
(p_a), the visible volume is considered, which is
composed of the solid part of the material and
the empty spaces. The bulk density of the sludge
sample was obtained by weighing an amount of
dry sludge that was added to a container of
known volume. The value obtained by dividing
the weight of the material contained in the
container by the total volume of the container is
the apparent density, as shown in equation (4),
where p_a is the apparent density, or wet
density (g / mL), m is the mass of the sample
added to the container (g) and V is the volume of
the container (mL).
Pa="7 @)

The absolute density was performed using the
Helium gas pycnometry method, using the
Micromeritics pycnometer, model AccuPyc I
1340, from the Materials Characterization and
Valorization Laboratory (LCVMat). The dry
density of the sample was determined using
equation (5), where p_s is the dry density (g /
mL) and U_bu is the moisture in the sample's wet
base (%).

I: 100—Ughy |

100 ©)

Pz = Pa

To determine the chemical composition and
thermal decomposition of the sludge samples, X-
ray and TGA/DTG and DTA fluorescence analyses
were performed. For the FR-X, the Shimadzu
Spectrometer model EDX-720, with detection
range of 0.001% to 100%, was used and for the
TGA / DTG and DTA, the simultaneous thermal
analyzer of the brand Perkin Elmer, model STA
8000 with a flow of Nitrogen at a flow rate of 20
mL/min and a temperature range from 25 °C to
1000 °C, with a heating rate of 10 ° C/min was
used.

3.3 Preparation, characterization,
and application of the treatments

3.3.1 Preparation of the treatments

The soil used to compose the treatments of this
study is from the Agroper brand, it contains only
earth mixed with leaves and sticks in its
composition and it is commonly used in the
production of seedlings. Five treatments were
adopted with different proportions of substrate
(Table 1). Four treatments aimed to incorporate
sludge as a substrate, in the proportions of 10%,
20%, 30% and 40% in volumetric proportion, that
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is, volume: volume, and one treatment was used
as a control, that is, without use of sludge.

TABLE 1. Adopted proportions for the treatments
performed. Source: Authors

Treatment (Sol/l::}%(; Soil (%v.v)
A 0 100
B 10 90
C 20 80
D 30 70
E 40 60

3.3.2 Characterization of the
treatments

Analyses of salinity (electrical conductivity and
total content of soluble salts), pH, apparent
density (p_a) and dry density (p_s) were
performed, according  to methodologies
described in items 3.3.1 and 3.3.3, respectively.
The granulometric analysis of the treatments and
the water retention capacity (WRC) were also
carried out.

The granulometric analysis of the treatments
took place in the same way as for the substrate,
using the sequence of sieves with an aperture
diameter (mm) of 4.76, 3.36, 1.68, 0.841, 0.595
and 0.42, from the series ABNT numbers: 4, 6,
12, 20, 30 and 40, respectively. From the results
obtained, the average particle diameter was
calculated, according to equation (6), where APD
is the average particle diameter (mm), n_i is the
material retained in the sieve (%) and d_i is the
sieve opening diameter (mm).

APD = E:z:j_ﬂidi‘ (6)

The WRC analysis shows the maximum amount of
water retained by a substrate after saturation
and free drainage, without undergoing
evaporation, when the tensions of 1 kPa, 5 kPa
and 10 kPa are applied (BRASIL, 2007; FERMINO,
2003). The determination of the WRC was carried
out by adding a predetermined amount of mass
in an aluminum ring with 100 + 5 mm internal
diameter and 50 + 1 mm in height and the
bottom sealed with a screen attached with
rubber ties. This system was subjected to
saturation for 24 h. After this period, the
cylinders were placed under the tension table for
48 h. Finally, the samples were removed and
dried in an oven at 65 ° C until constant mass.
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From the water retention capacity test, analyses
of total porosity, microporosity and
macroporosity were performed, according to the
methodology proposed by Fermino (2003).

About the analysis developed, the results
obtained were subjected to a variance analysis
(ANOVA) test and, to verify the existence of
differences among the averages, the Tukey Test
was performed, with 95% of significance, using
the PAST v.4.03 software.

3.3.2 Seeding and monitoring

Each treatment was arranged in a tray with 15
cells, and then sowing was carried out. Before
proceeding with sowing, the materials (sludge
and soil) were mixed in the desired proportions
in a suitable container. Lobularia maritime,
popularly known as “Flor de Mel” in Portuguese,
was chosen for the study, as it is a fast-
germinating plant that is tolerant of cold and
frost. After determining the species and mixing
the treatments, the cells in the trays were filled
with the respective mixtures for each treatment.
In the central part of each cell, a small hole was
opened (approximately 0.5 cm?) where about 4
to 7 seeds of Lobularia maritime were inserted.
Figure 2 shows the arrangement of the trays
after planting in the different treatments.

Figure 2. Trays arrangement after planting (A) soil (B) 10%
sludge + 90% soil (C) 20% sludge + 80% soil (D) 30% sludge
+ 70% soil and (E) 40% sludge +60% soil. Source: Authors

After sowing, each cell was watered with water
provided by the municipal sanitation service
company, and the trays were covered with a
damp cloth to keep the system moist until the
germination occurred. During the experimental
procedure, the trays were placed in a covered,
ventilated, and well-lit place. The experiment
was monitored daily for 30 days to assess seed
germination and plant development. The
phytometric parameters evaluated were height
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of the area, number of leaves and length of the
roots.

Finally, the percentage of seedling survival was
evaluated, according to equation (7), dividing
the number of cells where the species survived
(n_cs) by the total number of cells (n_T).

%S="= ()

nrT

4. RESULTS AND DISCUSSION

4.1 Sludge, soil, and treatments’
characterization

The results obtained for the chemical
composition of the industrial waste and for the
soil used are shown in Table 2. The analysis
carried out for the sludge sample showed that
the elements found are directly related to the
pigments and fillers used in the production of
latex paints. Elements such as Ca and Ti were
found in more expressive amounts in the sludge
composition mainly because of the compounds
used in the formulation of latex paints, like
dolomite [CaMg(COs;);] and titanium dioxide
[TiO,] (SOUSA, 2019; WAN, 2013). Other products
widely used in this industry are agalmatolite
[Al,05(45i0,)(H,0)], talc-like materials, and
kaolin [AL,05.25i0,], which justifies the presence
of Si and Al in significant amounts (BIZZI,
SCHOBBENHAUS, VIDOTTI, 2003).

TABLE 2. A FRX results of sludge and soil samples. Source:
Authors

. Trace
Majority Lesls quar:tlty Elements
Sample elements clements (<5%)
(50%) | (5% < x <50%)
L. Mg, K, Zr, Sr,
Sludge - Ca, Ti, Si, Al, Fe S. Nb, Mn
Si, S, Mg, Cu,
Soil - Ca, K, Fe, C1, P Zn, Mn, Al, Ti,
Sr, Rb, Br

It is worth mentioning that, in the treatment of
industrial effluents, the Veta L flocculant, which
is composed of aluminum (Al) and iron (Fe) salts,
is used in low quantities, contributing to the
presence of this substances in the sludge sample.
Furthermore, the levels of iron (Fe) present in
the sludge can also be attributed to the pigments
used to give color to the paints, since in their
formulation ferric oxides are used to give red,
yellow tonalities and Prussian [Fes [Fe (CN)g]s] is
used for bluish stains.
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The result obtained for the soil showed that
many of the elements present in the composition
of the residual sludge are also present in the soil,
but in different amounts, as is the case of
calcium (Ca), potassium (K), iron (Fe),
phosphorus  (P), silicon (Si), sulfur (S),
magnesium (Mg), manganese (Mn), aluminum
(Al), titanium (Ti) and strontium (Sr). The
elements chlorine (Cl), copper (Cu), zinc (Zn),
rubidium (Rb) and bromine (Br) were found only
in the soil sample.

Figure 3 shows the thermogravimetric curve of
the sludge, where two main events can be
observed, the first at 410.24 °C and the second
at 766.93 °C, together resulting in a loss of
substrate mass of approximately 41.48%. In the
range of 150 to 350 °C, a slight mass loss of
about 3% was noted, probably associated with
the decomposition of the Prussian blue [Fe, [Fe
(CN)els] and the organic compounds present in
the sludge (AREIAS et al., 2017; SUN et al., 2014;
TORQUATO, 2012). Mass loss in this temperature
range may also be associated with the presence
of sulphates, such as aluminum, which is used as
a flocculant in the treatment of wastewater and
loses chemically linked water at approximately
300 °C (OLIVEIRA et. al, 2004).

Peak = 766.93°C
Area = 179.606°Cx sec

DTA['C

Peak = 410.24*C
Area = 48.584°Cx sec

emperatura (°C
TGA  —— DTG

Figure 3. Thermogravimetric curve of the sludge. Source:
Authors

The first thermal event with the most significant
mass loss, of about 20%, was observed between
350 and 550 °C (Tpeak DTG = 410.24 °C), and
the second thermal event between 625 and 825
°C (Tpeak DTG = 766.9 °C), corresponding to a
mass loss of about 18.3%. According to Avila,
Crnknovic and Milioli (2010), Chiba (2017) and
Areias et al. (2017), this loss can be attributed to
the thermal decomposition of dolomite
[CaMg(CO3)2], which occurs in two stages, the
first being the decomposition of MgCO; and
formation of MgO, in the range of 350 to 545 °C
and the second, the decomposition of CaCO3 and
formation of CaO, in the range of 650 to 825 °C,
according to chemical reactions presented in
equations (8) and (9).

A
CaMg(€05), = CalOy + Mg0 +C0, (8)

A
Cally = Cal + CO, )

The average values obtained for particle
diameter, pH, electrical conductivity (EC), total
content of soluble salts (TCSS), moisture content
(Ubu), bulk density (p_a) and dry density (p_s)
obtained for the samples of the sludge and the
treatments are shown in Table 3.

The size of the particles has a significant
influence on parameters as density, humidity and
aeration of the substrate (FERMINO, 2003;
SANTOS, 2013; ZORZETO et al., 2014). For
Zorzeto et al. (2014), particles larger than 3.35
mm are considered very large; between 3.35 and
2.00 mm are large; between 2.00 and 0.50 mm in
between; between 0.50 and 0.10 mm are thin;
and smaller than 0.10 mm are very thin. The
different particle proportions directly influence
the availability of water and air in the
substrates. Very fine particles decrease the pore
spaces and increase the density, decreasing the
aeration of the cultivation médium.

TABLE 3. Results of particle diameter, pH, electrical conductivity (EC), Total Content of Soluble Salts (TCSS), moisture content
(Ubu), bulk density (p_a) and dry density (p_s). Source: Authors. Same letters indicates that there was not a significative

difference among the results for p<0.05.

Sample APD pH EC TCSS Ubu P Ps
(mm) (dS.m-1 at 25°C) | (kg.m-3) (%) (kg. m-3) | (kg. m-3)
Sludge 2.00 |8.0°+0.10| 0.967*+0.08 - 3442+ 0.6 | 784+ 10 | 784* £ 11
A 1.70  [6.2°+£0.06| 1.566°+0.09 | 5.05°+0.2 |70.5°+0.3| 573°+4 |169°+11
B 1.59  [6.4°£0.05| 0.729°+0.04 |2.74*+0.08|58.0°+ 0.8 | 668°+ 13 | 281°+9
C 1.61 [6.5°+£0.05| 0.714°+0.08 | 2.72°+0.3 |48.99+0.2| 677°+2 | 346°+9
D 1.57 [6.99+£0.08| 0.6629+0.05 | 2.64°+0.2 [43.9°+0.7| 7094+ 8 | 398+ 13
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E | 1.60 |7.23:i:0.05‘ 0.5794 % 0.05

Among the samples, the sludge had the largest
average particle size, of 2.0 mm. This fact may
be associated with the non-total breakdown of
the clods. While treatment A, composed entirely
of soil, presented the smallest average particle
size, of 1.7 mm. Figure 4 shows the particle size
distribution of the sludge and of the five
treatments studied. Treatments composed by
different materials have particles with different
sizes, resulting in different arrangements (LIMA,
2019).

It was observed that the increase in the amount
of sludge in the treatments caused the reduction
of the average particle diameter, which, in the
treatments containing sludge were in the range
of 1.57 to 1.61 mm. All the evaluated treatments
presented varied granulometries, with
predominance of very large particles, with a
diameter above 3.35 mm, and intermediate
particles, with a diameter between 2.00 and 0.5
mm. However, in treatments C, D and E it was
noticed an increase in the percentage of
particles considered intermediate and fine, with
diameters between 0.5 mm and 0.10 mm.

‘I ll | I I
A B

Sample

50%
45%
40%
35%

30%
25%
20%
15%
]

% Retained mass

10%
5%
0%

Lodo

4,76 mm 3,36 mm 1,68 mm m0,841 mm

0,595 mm B0,42 mm Plate

Figure 4. Particle size distribution. Source: Authors

According to Lima (2019), the physical-chemical
characteristics of the particles influence
properties such as the cation exchange capacity
(CEC), the availability and movement of water
and air in the soil, the expandability, and the
susceptibility to erosion. For Zorzeto et al.
(2014), substrates with a smaller particle size,
with predominantly fine and / or intermediate
fractions, have high microporosity, favor the
water retention capacity and the aeration of the
medium. Substrates with homogeneous particle
size distribution may present a decrease in
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2475402 | 3347423 ‘ 760° + 26 ‘ 506° + 39

porosity, due to the accommodation of the
smaller particles between the larger particles.

It was possible to verify that the pH of the raw
sludge has basic characteristic, presenting a
value of 8.0 + 0.1 at 21.2°C and that the
treatment A, composed solely of earth presents a
slightly acidic pH, of 6.2 + 0.1 at 21.9°C, that is
ideal for plants substrates (pH and salinity, also
shown in Table 3). The samples from treatments
B and C, as well as treatment A, presented
slightly acidic pH and samples D and E neutral
pH. It is believed that this fact is related to the
composition of the treatments, since the last two
treatments, which have higher sludge contents,
presented higher pH values, indicating that the
addition of sludge to the treatment composition
causes an increase in the pH of the medium. The
same was observed by Trazzi (2011), where the
substrate incorporation resulted in the increase
of the pH of the treatments.

The pH affects the availability of soil nutrients.
For Santos (2013), the ideal pH for plants’
development varies according to the species
being cultivated. According to the literature, for
the growth to be favorable, the pH of the
substrate must be in the range of 5.5 to 6.5
(FERMINO, 2003; SANTOS, 2013). Cultivation
mediums with a more acidic pH, below 5.5,
indicates the presence of elements that can
hamper the development of the plant, such as
aluminum (Al) and manganese (Mn). Higher pH
values indicate the deficiency of necessary
elements in the medium, such as iron (Fe), zinc
(Zi), copper (Cu), phosphorus (P) and magnesium
(Mg). According to the FRX analysis carried out
and previously discussed, the sludge used in the
treatments studied in this research contains iron
(Fe), titanium (Ti), calcium (Ca) and silicon (Si)
in quantities higher than 5%, in addition to
having, in amounts less than 5% magnesium (Mg)
and potassium (K), which may explain its basic
character.

The electrical conductivity (EC) indicates the
concentration of soluble salts present in the
substrate.  Cultivation medium with high
conductivity values can cause everything from
reduced fertility and problems related to
germination to negative effects on plant
development, causing damage to the roots,
which can prevent or hinder the absorption of
water and nutrients (SCHOSSLER et al., 2012).
According to Cavalcante et al. (2002), the
electrical conductivity of the substrate must not
exceed 1.3 dS.m™. For Guerrini and Trigueiro
(2004) and Santos (2013) the limit value of the
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conductivity is even lower, of 1.0 dS.m-'. It was
except that treatment A presented EC levels
within the recommended by Guerrini & Trigueiro
(2004), Santos (2013) and Cavalcante et al.
(2002). The highest and lowest EC values were
observed in treatment A and E, respectively.
When sludge was added to the treatments, a
tendency of reduction of the EC levels was
observed, indicating that this addition could
decrease the EC in the cultivation medium.

The results show that the amount of sludge
directly impacted the parameters of density and
moisture content of the soil. When present in the
mixture, the sludge was responsible for reducing
the moisture content of the soil, with the highest
humidity being seen in treatment A and the
lowest in treatment E. This trend was also
observed by Zorzeto et al. (2014) in their study.

For Lima (2019), the moisture content in the soil
impacts the availability of minerals. Soils with a
high moisture content provide the slow
decomposition of organic matter, solubilizing
minerals such as iron (Fe) and manganese (Mn)
and facilitating their migration, being important
that the material does not present high
humidity, since these elements, when in excess,
are toxic to the environment. To Fermino (2003),
the soil moisture content is related to the
arrangement of the particles in the container
and the density of the medium, being directly
impacted by characteristics such as the weight of
the particles and the existing adhesion between
them. Lower moisture content results in
substrates with higher density, due to the
increased weight of the particles. Intermediate

levels of humidity result in a decrease in density
due to the aggregation of the particles and the
formation of empty spaces and higher levels of
humidity cause an increase in adhesion between
the particles, generating packaging phenomena.
Among the samples analyzed, fresh sludge had
the highest wet and dry density, of 787 kg.m
and 784 kg.m>, respectively, and treatment A
had the lowest wet and dry density, of 668 kg.m-
3 and 169 kg.m3, confirming the statement of
Fermino (2003).

According to Trazzi (2011), very high densities
make it difficult to grow seedlings in containers,
causing limitations on plant growth. Kampf
(2000) recommended using substrates with dry
density between 100 and 300 kgm3, for trays,
between 300 and 500 kgm3, for intermediate-
sized pots, between 20 and 30 cm and between
500 and 800 kg m-3 for larger containers. That
said, only treatments A and B have densities
suitable for growing in trays.

4.1.1 Porosity and WRC

The quantity and quality of pores determine the
distribution of solids, water and air in the
substrates (GUERRINI; TRIGUEIRO, 2004). Table 4
presents the mean results obtained for porosity,
EAW, BW and AS analyses. In this study, all
treatments showed high porosity, above 50%. For
Rigon et al. (2015) and Fermino (2003), the ideal
porosity is between 75 and 85%. Thus, we realize
that all treatments, except for A and B, have
porosities considered ideal according to the
literature.

TABLE 4. Results of Macroporosity, Microporosity, Total porosity, Easily Available Water (EAW), Buffering Watter (BW) and
Aerations Space (AS). Source: Authors. * Same letters indicates that there was not a significative difference among the results

for p<0,05
Sample Macroporosity | Microporosity | Total Porosity EAW_ BW _ AS )

(%) (%) (%) (em’.cm®) | (em’.cm™®) | (cm’.cm?)
A 132+£2,9 832+£2.8 97+ 3,8 362+2,0 1*+0 132+£2,5
B 10*+0,3 78+ 1,0 88°+ 1,1 352+1,2 1*+0 10*+0,0
C 122+ 1,9 74° 4+ 0,9 86+ 1,2 32+ 1,0 0°+0 122+ 1,5
D 112+ 1,9 72¢+1,9 83b+ 1,8 342+ 1,7 02+ 0 112+ 2,0
E 133£2,6 624+ 1,5 75¢+1,2 29°£ 1,0 02£0 133+£2,5

It was possible to observe a trend in the
reduction of porosity as the volume of the sludge
incorporated in the treatments increased.
Treatment A and treatment E had the highest
and the lowest total porosity values,
respectively. According to Zorzeto et al. (2014),
when there is a mixture of materials of different
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particle sizes, the smaller particles tend to
occupy the empty spaces between the larger
particles, which reduces the amount of macro
and micropores and, consequently, the total
porosity.
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In substrates with high amounts of sludge, a
reduction in the amount of micropores was
noticed, which hinders the retention and storage
of water from the substrate, damaging the
development of the root system (PAGLIARINI;
CASTILHO; ALVES, 2012). As for the percentage
of macropores in the treatments, it did not show
significant variation with the increase of sludge
incorporated into the treatment.

Figure 05 shows the retention curve obtained for
the different treatments when submitted to
different tensions, of 1, 5 and 10 kPa. All
materials showed high values of water retained
in the different stresses evaluated, in the range
of 62 to 87 m3 m?3 in the analysis of CRA1, and
33 to 47 m3 m? in the analyzes of CRA5 and
CRA10. For the evaluated points, it was possible
to observe that the addition of sludge in the
treatments caused a decrease in the water
retention capacity of the samples. Treatment A,
composed entirely of vegetable soil, has the
largest volume of water retained, while
treatment E, composed of 60% vegetable soil +
40% sludge, presented the lowest volume of
water retention.

90

80
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50

40

Retained Water Volume

30

20
0 1 2 3 4 5 6 Z 8 9 10 11
Tension (kPa)

A B —-C D tca 3

Figure 5 - Water retention curve of the different
treatments subjected to voltages of 1, 5 and 10 kPa.
Source: Authors.

For Guerrini e Trigueiro (2004), the water and
nutrient retention capacity of the substrate is
directly related to microporosity, once high
microporosity values, in general, result in a
greater water retention capacity of the
substrate. The result observed in the present
work is similar to those observed in previous
studies, where the increase in the sludge content
in the treatments reduced their microporosity
and their total porosity and, consequently, the
water retention capacity of the substrate
(FERMINO, 2003; GUERRINI; TRIGUEIRO, 2004;
PAGLIARINI; CASTILHO; ALVES, 2012; RIGON et
al., 2015; TRAZZI, 2011). Thus, the use of sludge
as a substrate at levels above 10% v: v is not
viable to produce seedlings, due to the high
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consumption of irrigation water that would be
necessary.

The treatments were also evaluated for aeration
space (AS), easily available water (EAW) and
buffering water (BW), as shown in Table 04. In
ideal conditions, the aeration space (AS) should
present between 20 and 40% of the total volume
of the medium, high values can result in water
deficiencies for the plants and lower values can
hinder the oxygenation of the plants’, impacting
directly in the root development (GUERRINI;
TRIGUEIRO, 2004; RIGON et al., 2015). Regarding
the easily available water (EAW) amount and
buffering water (BW), the values taken as a
reference in the literature are in the range of 20
to 30% and 4 to 10%, respectively (FERMINO,
2003). In the five treatments evaluated, the
results of aeration space (AS) were below the
range recommended by the literature (from 20 to
40%), which may cause a lack of oxygen and
negatively impact root development (TRAZZI,
2011; ZORZETO et al., 2014). All samples
presented values of easily available water (EAW)
within the reference range of the literature
(from 20 to 30%). Treatments A, B and D showed
slightly higher values than treatments C and E.
The results of buffering water (BW) were also
below the range established as ideal in the
literature (from 4 to 10%), however, according to
Zorzeto et al. (2014), this characteristic does not
directly impact the development of commercial
plants, since at the point of BW they would be
under water stress.

4.1.2 Seedling development

Table 5 presents the medium values obtained for
the plant and roots’ heights. The first
germination took place six days after sowing
(DAS) in the tray with treatment A (100% soil),
and the germination of seven seeds was verified.
On the seventh day, trays with treatments B, C
and D had also germinated seeds. The seeds
arranged in trays with treatment E germinated
after the tenth day of sowing.

TABLE 5. Plant and roots’ height. Source: Authors. * Same

letters indicates that there was not a significative
difference among the results for p<0,05

Plant height Root height
Sample
(mm) (mm)
A 19°+£1.0 14°+0.9
B 126 +0.7 11°+£0.5
C 5¢+ 1.1 12¢+£0.7
D 94+ 0.8 59+£0.7
E 132+0.7 7°£0.7

Mix Sust | Floriandpolis | v.8 | n.1 | p.117-133 | JAN | 2022

127




128

Evaluation of a Substrate-Plant System Containing Efluent Treatment |L. K. Bickel; M. R. dos Santos; B. Brochier; I. J. Fernandes & R. C. E. Modolo

https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133

Losses were observed in all treatments.
Treatments A, B and E had a survival rate of
93.3%. Treatments C and D showed survival rates
of 73.3% and 60%, respectively. According to
Neto (2011) and Padilha (2016), survival
percentages close to or above 80% can be
considered high, indicating that the doses of
sludge incorporated into the treatments were
not harmful to the seedlings. Lobularia marima
seedlings reached different heights at the end of
the experiment, as shown in Table 5, suffering
high influence from the culture medium.

The highest growth in height was observed in
treatment A, composed solely of soil, where the
seedlings reached, on average, 19 mm. The
smallest growth was observed in treatment C,
with seedlings with a height average of 5 mm.
Figure 6 shows the seedling growth averages for
each of the five treatments evaluated. Based on
the results, it can be observed that the
germination and development of the studied
species occurred more quickly in treatment A.
This fact may be linked to the physical-chemical
factors of the culture medium. As seen
throughout the previous section, treatment A
had the lowest apparent density and highest
moisture content among the five treatments,
ideal micropore values, high total porosity, and
high-water retention capacity. Furthermore,
treatment A also showed the highest conductivity
when compared to the other treatments,
indicating that there are more soluble salts in
this medium. Treatment B, containing 10%
sludge, and treatment E, containing 40% sludge
also showed satisfactory growth results. It is
believed that the development of seedlings in
these media may have encountered problems
due to the arrangement of the particles, with
smaller particles being able to accommodate
between the empty spaces, decreasing the
porosity and impacting the water retention
capacity and aeration space. At the end of the
monitoring period, all treatments still had
cotyledons, with no evidence of leaves.
Treatment A was the one with the best seedling
development, followed by treatment B, while
treatments C and D showed the worst results,
with cotyledons visibly more fragile and
yellowish, a fact that may be related to the
aluminum content present in the médium
(COELHO, 2012; NETO, 2011).

The root development was different for the five
studied treatments. Figure 7 shows a comparison
between the roots’ height. The seedlings of all
treatments showed thin and brittle roots. The
greatest root length was observed in the
treatment A, with an average length of 14 mm.
With the increase in the volume of sludge in the
treatments, it was noticed a decrease in the size
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of the seedling roots. The seedlings of
treatments B and C showed shorter root length,
but close to that of treatment A, with average
values of 11 mm and 12 mm, respectively. At
last, treatments D and E seedlings presented the
shortest roots, with 7 and 5 mm in length,
respectively.
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Figure 6 - Average seedling growth for the five treatments
evaluated. Source: Authors.

In treatments A, B, and C it was possible to
observe small root branches, for treatments D
and E these branches were not observed. The
low root development can be attributed to the
reduced aeration space observed in the
treatments, which may have impacted the
amount of oxygen available in the culture
médium.

Figure 7 - Root development of species cultivated with the
five different types of treatment. Source: Authors

4. CONCLUSIONS

The evaluated residue presents an attractive
chemical composition for the application in
which it was tested, containing several
compounds similar to those present in the soil
used and which are beneficial for the land.
Calcium and magnesium carbonate, present in a
significant amount in the residual sludge, have
basic properties, which helps in the correction of
the soil pH. This fact could also be observed
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through pH analysis, for which treatments with a
higher percentage of incorporated sludge showed
higher pH. Regarding the salinity of sludge and
treatments, it was also possible to perceive a
positive relationship, since the salinity present in
treatments containing sludge was within the
parameters determined by the literature.
Through the physical characterization, it was
possible to notice that the residue, when
incorporated in the soil, caused an increase in
density and a reduction in the moisture content
of the medium. The granulometric analysis
carried out for the sludge and for the treatments
demonstrated that the incorporation of the
residue causes the reduction of the average
particle diameter, which can result in greater
compaction and cementation of the material. It
was also observed that the increase in residual
sludge in the treatments resulted in a reduction
in the amount of micropores, which can cause
difficulties in aeration, total porosity, which
nevertheless remained within the established
literary limits and the capacity of water, which,
despite being impacted, still showed good results
for all treatments. Regarding root and plant
development, it was found that the best
performance occurred in treatment A, composed
entirely of vegetable soil, followed by treatment
B, composed of 10% sludge by volume, which also
showed satisfactory results. It is believed that
the low performance of the treatments is linked
to their physical characteristics, since the sludge
significantly impacted all physical properties.

Despite the variations found, all treatments
showed plantar development, and treatments A,
B and E showed high survival rates of the
species, above 80%. Based on the data found, it
is believed that in lower quantities, up to 10%,
the application of the latex paint industry
wastewater sludge as substrate for ornamental
plants may be a viable alternative for the
disposal of the waste in question.

For future studies it is suggested to study
treatments with lower quantities of incorporated
sludge (between 0 and 10% v:v). It is also
suggested to perform ecotoxicity analyzes on the
treatments and carry trials with different types
of plants, to further evaluate the viability of the
reuse of this industrial waste as a substrate.

ACKNOWLEDGEMENTS

The authors thank UNISINOS and FEPAGRO for
enabling the analyzes to characterize the
treatments. In addition, the authors thank CNPq
for the financial support given as author’s grant,
CNPq Productivity Research Scholarship (Process
307755/2018-5).

https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133

REFERENCES

ABRAFATI. O setor de tintas no Brasil - Abrafati.
[s. L], [s. d.]. Disponivel em:
https://abrafati.com.br/o-setor-de-tintas-no-
brasil/. Acesso em: 3 mar. 2020.

ASSOCIACAO BRASILEIRA DE NORMAS TECNICAS
(ABNT). ABNT NBR:10004: Residuos solidos-
Classificacdo. Rio de Janeiro, 2004.

AREIAS, 1. O. R. et al. Incorporacao de lodo da
estacao de tratamento de esgoto (ETE) em
ceramica vermelha. Ceramica, [s. l.], v. 63, n.

367, p. 343-349, 2017. Disponivel em:
https://doi.org/10.1590/0366-69132017633672004

AVILA, Ivonete; CRNKOVIC, Paula M.; MILIOLI,
Fernando E. Methodology for the study of the
dolomite porosity in essay of interrupted
sulfation. Quimica Nova, [s. L.], v. 33, n. 8, p.

1732-1738, 2010. Disponivel em:
https://doi.org/10.1590/s0100-40422010000800021

BARBOSA, Graziela Moraes de C.; TAVARES
FILHO, Joao; FONSECA, Inés C. de B. Efeito do
lodo de esgoto em propriedades fisicas de um
Latossolo Vermelho eutroférrico. Semina:
Ciéncias Agrarias, [S. L.], v. 28, n. 1, p. 65,
2007. Disponivel em: https://doi.org/10.5433/1679-
0359.2007v28n1p65.

BIZZI L.A., SCHOBBENHAUS C., VIDOTTI R.M.,
GONCALVES J. Recursos Minerais Industriais.
Brasilia: [s. n.], 2003. E-book.

BRASIL. Lei n°. 12.305, de 2 de agosto de 2010.
Institui a Politica Nacional de Residuos Solidos;
altera a Lei n° 9.605, de 12 de fevereiro de 1998;
e da outras providéncias. Disponivel em <
http://www2.mma.gov.br/port/conama/legiabr
e.cfm?codlegi=636>. Acesso em: 26 nov 2019.

BRASIL. Ministério da Agricultura, Pecuaria e
Abastecimento. Secretaria de Defesa
Agropecuaria. Instrucdao Normativa n° 17, de 21
de Maio de 2007. Diario Oficial da Uniao,
Brasilia, DF, n. 99, 24 mai.2007. Secédo 1, p. 1.

BRASIL. Ministério do Meio Ambiente. Conselho
Nacional do Meio Ambiente - CONAMA.
Resolucdao n° 375, de 29 de agosto de 2006.
Define critérios e procedimentos, para o uso
agricola de lodos de esgoto gerados em estacoes
de tratamento de esgoto sanitario e seus
produtos derivados, e da outras providéncias.
Diario Oficial da RepuUblica Federativa do Brasil,
Brasilia, DF.

Mix Sust | Floriandpolis | v.8 | n.1 | p.117-133 | JAN | 2022

129




130

Evaluation of a Substrate-Plant System Containing Efluent Treatment |L. K. Bickel; M. R. dos Santos; B. Brochier; I. J. Fernandes & R. C. E. Modolo

https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133

CAVALCANTE, Lourival  Ferreira et al.
Germinacao de sementes e crescimento inicial de
maracujazeiros irrigados com agua salina em
diferentes volumes de substrato. REVISTA
BRASILEIRA DE FRUTICULTURA, Jaboticabal -
SP, v. 24, n.3 p. 748-751, Dec. 2002. Disponivel
em: http://dx.doi.org/10.1590/50100-29452002000300047.

CETESB - COMPANHIA DE TECNOLOGIA DE
SANEAMENTO AMBIENTAL. Tintas e Vernizes. [s.
l.: s. n.]. E-book.

CHIBA, Marlene Leiko. Obtencdo de ésteres
metilicos utilizando dolomita como catalisador
heterogéneo na reacdo de transesterificacdo.
2017. - Universidade Federal Do Espirito Santo,
Centro de Ciéncias Agrarias e Engenharias, 2017.

COELHO, Viviane Amaral Toledo et al.
Caracterizacao de sintomas visuais de
deficiéncias de macronutrientes e boro em
plantas de gengibre ornamental. Revista
Brasileira de Horticultura Ornamental, v. 18, n.
1, 2012.

CONCEICAO, Paulo Ricardo Nunes da. Utilizagdo
de analise multivariada de dados na otimizacao
de misturas de minerais industriais para a
formulacao de tintas. 2006. Tese (Doutorado em
Engenharia de Minas, Metallrgica e de Materiais)
- Programa de Pds-Graduacdao em Engenharia de
Minas, Metallrgica e de Materiais - PPGEM,
Universidade Federal do Rio Grande do Sul, Porto
Alegre. 2006.

CUSTODIO, Beatriz Preuss. Otimizacdo do
sistema de efluentes: estudo de caso: Industria
de Tintas Base Agua. Monografia (Bacharel em
Engenharia Ambiental) - Curso de Engenharia
Ambiental, Universidade do Extremo Sul
Catarinense, Criciima, 2014.

DA SILVA, Rodrigo Ferreira et al. Producao de
mudas de Eucalyptus grandis em substratos
organicos alternativos. Ciéncia Florestal, [s. L.],
v. 24, n. 3, p. 609-619, 2014.

DELARMELINA, William Macedo et al. Diferentes
substratos para a producao de mudas de Sesbania
virgata. Floresta e Ambiente, [s. l.], v. 21, n. 2,
p. 224-233, 2014. Disponivel em:
https://doi.org/10.4322/floram.2014.027

DINIZ, Francisco. Aplicacdoes Arquitetonicas. In:
JORGE M. R. Fazenda (Sao Paulo) (Org.). Tintas:
Ciéncia e Tecnologia. 4. ed. Sao Paulo: Editora
Blucher, 2009.

FARIAS, Walda Monteiro. Biochar de lodo de
esgoto como condicionador do solo: efeitos nas
propriedades agronomicas, fertilidade do solo
e qualidade da matéria organica. Tese
(Doutorado em Agronomia) - Universidade de

Mix Sust | Floriandpolis | v.8 | n.1| p.117-133 | JAN | 2022

Brasilia, Faculdade de Agronomia e Medicina
Veterinaria, Brasilia-DF, 2018.

FERMINO, Maria Helena. Métodos de andlise
para caracterizacao fisica de substratos para
plantas. Tese (Doutorado em Fitotecnia) -
Universidade Federal do Rio Grande do Sul,
Faculdade de Agronomia, Programa de Pos-
Graduacao em Fitotecnia, Porto Alegre-RS, 2003.

FONSECA, E. P. Producdo de mudas de
hortalicas em substratos de diferentes
composicdes com adicdo de CO,, na agua de
irrigacdo. Dissertacao (Mestrado em Agronomia)
- Universidade de Sao Paulo, Escola Superior de
Agricultura Luiz de Queiroz. Piracicaba-SP, 2001.

FRAISOLI, Dioni. Tratamento fisico e quimico de
efluente de laticinios com o uso de coagulantes
organicos. 2019. Trabalho de Conclusao de
Curso. Universidade Tecnologica Federal do
Parana.

GABIRA, Monica Moreno. Crescimento e
qualidade de mudas florestais produzidas com
substratos a base de lodo de esgoto
compostado. Dissertacdo (mestrado em Ciéncia
Florestal) - Universidade Estadual Paulista “Julio
de Mesquita Filho”, Faculdade de Ciénicas
Agrondmicas, Botucatu-SP, 2018.

GOLDSCHMIDT, Artur; STREITBERGER, Hans-
Joachim. Basics of Coating Technology. [s. L.: s.
n.]. E-book.

GUEDES, Maécio Rodrigues. Estudo dos
processos de coagulacdao floculacdo e
decantacao para o tratamento de efluentes
gerados em uma industria de tintas local.
Trabalho de Conclusao de Curso (bacharel em
Engenharia Quimica) - Universidade Federal da
Paraiba, Centro de Tecnologia, Joao Pessoa-PB,
2018.

GUERRINI, I. A.; TRIGUEIRO, R. M. Physical and
chemical attributes of substrates composed of
biosolids and carbonized rice chaff. Revista
Brasileira de Ciéncia do Solo, [S. L.], v. 28, n. 6,
p. 1069-1076, 2004. Disponivel em:
https: //doi.org/10.1590/50100-06832004000600016.

IKEMATSU, Paula. Estudo da refletancia e sua
influéncia no comportamento térmico de tintas
refletivas e convencionais de cores
correspondentes. Dissertacdo (mestrado em
Engenharia e Construcao Civil e Urbana) - Escola
Politécnica da Universidade de Sao Paulo,
Departamento de Construcao Civil, 2007.

JEWELL, L. L. et al. Toward zero waste
production in the paint industry. Water SA, [S.
l.], v. 30, n. 5, p. 643-647, 2004. Disponivel em:
https://doi.org/10.4314/wsa.v30i5.5175



Evaluation of a Substrate-Plant System Containing Efluent Treatment |L. K. Bickel; M. R. dos Santos; B. Brochier; I. J. Fernandes & R. C. E. Modolo

KAMPF, A. N. Producdo Comercial de Plantas
Ornamentais. Guaiba: Agropecuaria, 2000. 254p.

LIMA, R. de L. S. de; et al. Substratos para
producao de mudas de mamoneira compostos por
misturas de cinco fontes de matéria organica.
Ciéncia e Agrotecnologia, [S. L.], v. 30, n. 3, p.
474-479, 2006. Disponivel em:
https://doi.org/10.1590/s1413-
70542006000300013

LIMA, Thyego Pery Monteiro de. Regime de
umidade em um substrato revegetado com lodo
de esgoto no distrito federal. Dissertacao
(mestrado em  Ciéncias  Ambientais)
Universidade de Brasilia Faculdade UNB
Planaltina, Programa de Pos-Graduacdo em
Ciéncias Ambientais, Planaltina -DF, 2019.

LIMA JUNIOR, R. N.; ABREU, F. O. M. S. Natural
products used as coagulants and flocculants for
public water supply: A review of benefits and
potentialities. Revista Virtual de Quimica, [S.
l.], v. 10, n. 3, p. 709-735, 2018. Disponivel em:
https://doi.org/10.21577/1984-6835.20180052

LIMA, Patricia Jaqueline do Monte. Reuso de
aguas residuarias no processo de fabricacao de
tintas base agua-subsidios de producdao mais
limpa (P+ L). Dissertacao (mestre em Gestao
Ambiental) - Instituto Federal de Educacao,
Ciéncia e Tecnologia de Pernambuco, Recife-PE,
2015.

LODEYRO, Camilla Ferrazzo. Estudo da
viabilidade de incorporacao de lodo de ETE de
indastria de tintas base agua em blocos
ceramicos. 2011. Monografia (Bacharel em
Ciéncias Bioldgicas) - Curso de Ciéncias
Biologicas, Universidade do Vale do Rio dos
Sinos, Sao Leopoldo, 2011.

MARTINS, Marcela Ravanelli et al. Aplicacdao de
lodo de esgoto no solo: avaliacdo da
estabilizacdo e da toxicidade. Dissertacao
(mestrado em Tecnologia na area de Ambiente) -
Universidade Estadual de Campinas, Faculdade
de Tecnologia, Limeira-SP, 2020.

MICHALOWSKI, A. C. et al. iris: industria de
tintas a base de agua. 2019. Trabalho de
Conclusdao de Curso (Bacharel em Engenharia
Quimica) - Universidade Tecnoldgica Federal do
Parana, Apucarana-PR, 2019.

NASCIMENTO, Altina Lacerda et al. Chemical
attributes of sewage sludges: Relationships to
sources and treatments, and implications for
sludge usage in agriculture. Journal of Cleaner
Production, [S. L.], v. 258, 2020. Disponivel em:
https://doi.org/10.1016/j.jclepro.2020.120746

FIGUEIREDO NETO, Abner. Utilizacdo de lodo de
estacdo de tratamento de agua na producao de

https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133

mudas de arvores com ocorréncia no Cerrado.
Dissertacao (mestrado em Engenharia do Meio
Ambiente) - Universidade Federal de Goias,
Escola de Engenharia Civil, Goiania -GO, 2011.

OLIVEIRA, E. M. S.; MACHADO, S. Q.; HOLANDA,
J. N. F. Characterization of waterworks waste
(sludge) aiming its use in red ceramic. Ceramics,
[S. .1, v. 50, p. 324-330, 2004.

PADILHA, Fernanda Taufer. Utilizacao de lodo
de estacdo de tratamento de 4&gua como
substrato para producédo de mudas. Trabalho de
Conclusao de Curso - Universidade do Vale do Rio
dos Sinos - UNISINOS, Sao Leopoldo-RS, 2016.

PAGLIARINI, Maximiliano Kawahata; CASTILHO,
Regina Maria Monteiro de; ALVES, Marlene
Cristina.  Caracterizacao fisico-quimica de
misturas de componentes de substrato com
residuo de celulose para fins de producao de
mudas. Revista Brasileira de Agroecologia, [S.
.1, v. 7, n. 2, p. 160-169, 2012.

RAHIMI, Saleheh et al. Sustainable landfill site
selection for municipal solid waste based on a
hybrid decision-making approach: Fuzzy group
BWM-MULTIMOORA-GIS. Journal of Cleaner
Production, [s. L.], p. 119186, 2019. Disponivel
em:
https://doi.org/10.1016/j.jclepro.2019.119186

RIGON, Felipe Augusto; et al. Porosidade,
Densidade E Capacidade De Retencdo De Agua
Em Diferentes Substratos. Journal of Chemical
Information and Modeling, [s. L.], v. 53, n. 9, p.
1689-1699, 2015.

SAMPAIO, Thalita Fernanda et al. Lodo de esgoto
na recuperacao de areas degradadas: Efeito nas
caracteristicas fisicas do solo. Revista Brasileira
de Ciéncia do Solo, [s. L.], v. 36, n. 5, p. 1637-

1645, 2012. Disponivel em:
https://doi.org/10.1590/50100-06832012000500028

SANTOS, F. E. V. Caracterizacdo fisica e
quimica de substratos com lodo de esgoto na
producdo de mudas de Aegiphila sellowiana
Cham. Tese de Doutorado. Dissertacao (Mestrado
em Ciéncias Florestais) - Universidade Federal do
Espirito Santo, Jeronimo Monteiro, 2013.

SANTOS, F. E. V. et al. Caracteristicas quimicas
de substratos formulados com lodo de esgoto
para producdao de mudas florestais. Revista
Brasileira de Engenharia Agricola e Ambiental,

v. 18, n. 9, p. 971-979, 2014. Disponivel em:
https:/doi.org/10.1590/1807-1929/agriambi.v18n09p971-979

SCHOSSLER, T. R. et al. Salinidade: efeitos na
fisiologia e na nutricao mineral de plantas.
Enciclopédia Biosfera, [s. l.], v. 8, n. 15, p.
1563-1578, 2012.

Mix Sust | Floriandpolis | v.8 | n.1 | p.117-133 | JAN | 2022




132

Evaluation of a Substrate-Plant System Containing Efluent Treatment |L. K. Bickel; M. R. dos Santos; B. Brochier; I. J. Fernandes & R. C. E. Modolo

https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133

SIMOES, D.; DA SILVA, R. B. G.; DA SILVA, M. R.
Composicao do substrato sobre 0
desenvolvimento, qualidade e custo de producao
de mudas de Eucalyptus grandis Hill ex Maiden x
eucalyptus urophylla S. T. Blake. Ciéncia
Florestal, [S. L.], v. 22, n. 1, p. 91-100, 2012.
Disponivel em:
https://doi.org/10.5902/198050985082

SOUSA, Mary Kennedya Macédo. Abordagem
tedrica da obtencao de diéxido de titanio rutilo
por cloreto e suas aplicagbées na industria de
pigmentos. Trabalho de Conclusao de Curso -
Universidade Estadual da Paraiba, Centro de
Ciéncias e Tecnologia, Campina Grande- PB,
2019.

SUN, H. et al. Fe4[Fe(CN)6]3: A cathode material
for sodium-ion batteries. RSC Advances, [s. L.],
v. 4, n. 81, p. 42991-42995, 2014. Disponivel em:
https://doi.org/10.1039/c4ra07531e

TORQUATO, Lilian. Estudo de degradacao
térmica e caracterizacao de lodos provenientes
de diferentes sistemas de tratamento de
esgotos. 2012. 109 f. Dissertacao (mestrado) -
Universidade Estadual Paulista, Instituto de
Quimica, 2012.

TRAZZI, Paulo André. Substratos renovaveis na
producao de mudas de Tectona grandis Linn F.
2011. Dissertacao (mestrado) Universidade
Federal Do Espirito Santo, Centro de Ciéncias
Agrarias e Engenharias, 2011.

WAN, Wu Shin. Avaliacdao da Utilizacdo de
Nanocarbonato de Calcio em  Tintas
Imobiliarias. 2013. Dissertacao (Mestrado em
Engenharia de Materiais) - Universidade Federal
de Ouro Preto, Ouro Preto, 2013.

ZHANG, Q. et al. Sludge treatment: Current
research trends. Bioresource Technology, [S.
], v. 243, p. 1159-1172, 2017. Disponivel em:
https://doi.org/10.1016/j.biortech.2017.07.070

ZORZETO, T. Q. et al. Caracterizacao fisica de
substratos para plantas. Bragantia, [s. l.], v. 73,
n. 3, p. 300-311, 2014. Disponivel em:
https://doi.org/10.1590/1678-4499.0086.

AUTORES

ORCID: https:// 0000-0003-3106-195X

LUIZE KEHL BICKEL (LKB) | Universidade do Vale
do Rio dos Sinos | Programa de Pds-Graduagao
em Engenharia Civil | Sao Leopoldo, RS - Brasil |
e-mail: luizekehl@gmail.com

ORCID: https:// 0000-0003-1272-6936

Mix Sust | Floriandpolis | v.8 | n.1| p.117-133 | JAN | 2022

MARINA REMIAO DOS SANTOS, (MRS)|
Universidade do Vale do Rio dos Sinos | Programa
de Pés-Graduacdo em Biologia | Sdo Leopoldo,
RS - Brasil | e-mail: marinaremiao@gmail.com

ORCID: https:// 0000-0003-3295-9868
BETHANIA BROCHIER, (BB) Dra.| Universidade
do Vale do Rio dos Sinos | Engenharia Quimica e
Engenharia de Alimentos | Sao Leopoldo, RS -
Brasil | e-mail: bethaniab@unisinos.br

ORCID: https:// 0000-0003-0069-1609

IARA  JANAINA FERNANDES (IJF), Dra.|
Universidade do Vale do Rio dos Sinos |
Engenharia Quimica e Engenharia de Alimentos |
Sao Leopoldo, RS - Brasii | e-mail:
iarajf@unisinos.br

ORCID: https:// 0000-0001-7088-2502

REGINA CELIA ESPINOSA MODOLO (RCEM), Dra. |
Universidade do Vale do Rio dos Sinos |
Programas de Pos-Graduacao em Engenharia Civil
e Engenharia Mecanica | Sao Leopoldo, RS -
Brasil | Correspondéncia para: Universidade do
Vale do Rio dos Sinos, Centro de Ciéncias Exatas
e Tecnologicas. Avenida Unisinos Cristo Rei. CEP:
93022-750 | E-mail: reginaem@ unisinos.br

HOW TO CITE THIS ARTICLE

BICKEL, Luize Kehl; SANTOS, Marina Remiao dos;
BOCHIER, Bethania; FERNANDES, lara Janaina;
MODOLO, Regina Célia Espinosa. Evaluation of a
substrate-plant  system containing efluent
treatment plant sludge from a paint industry.
MIX Sustentavel, v. 8, n. 1, p. 117-133, jan.
2022. ISSN 24473073.Disponivel em:
<http://www.nexos.ufsc.br/index.php/mixsuste
ntavel>. https://doi.org/10.29183/2447-
3073.MIX2022.v8.n1.117-133

Submitted: 16/03/2021
Approved: 13/08/2021
Published: 01/12/2021

Editora Responsavel: Lisiane Ilha Librelotto

Registro da contribuicao de autoria:



Evaluation of a Substrate-Plant System Containing Efluent Treatment |L. K. Bickel; M. R. dos Santos; B. Brochier; I.J. Fernandes &R. C. E. Modolo
https://doi.org/10.29183/2447-3073.MIX2022.v8.n1.117-133
Taxonomia CRediT (http://credit.niso.org/)
LKB, MRS, BB, IJF, RCEM: escrita -revisao e
edicao.
LKB, BB, RCEM: analise formal
LKB, MRS, RCEM: metodologia
BB, IJF, RCEM: validacao

LKB, RCEM: conceituacao, aquisicao de fundos,

administracao do projeto
LKB: investigacao, visualizacao, escrita -
rascunho original

RCEM: supervisao

Declaracao de conflito: nada foi declarado.

133

Mix Sust | Floriandpolis | v.8 | n.1 | p.117-133 | JAN | 2022



