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APRESENTACAO

O e-book: “Colecdo desafios das engenharias: Engenharia Sanitaria 2" € constituido
por vinte e cinco capitulos de livros que foram devidamente selecionados por membros que
integram o corpo editorial da Atena Editora. Diante disso, este e-book foi dividido em quatro
unidades tematicas de grande relevancia.

A primeira é constituida por sete capitulos que tratam da importancia de se monitorar
os parametros fisico-quimicos e bioldgicos da agua destinada ao abastecimento publico,
provenientes de aguas superficiais ou subterraneas (poco artesiano). Por ser um recurso
natural e cada vez mais escasso em termos de padrbes de potabilidade, faz-se necessério
a adocao de uma consciéncia coletiva que leve a redugéo do consumo per capita a nivel
mundial.

Os capitulos de 8 a 15 apresentam estudos que reforgcam a importancia de se investigar
alternativas a fim de se estabelecer melhores condi¢bes de confinamento, destinacgéo final e
desaguamento do lodo gerado na ETA. Além disso, é apresentada a importancia de melhorar
e empregar técnicas de tratamento de efluente hospitalar e provenientes de instituicdes de
ensino.

A terceira tematica apresenta trabalhos que tratam da importancia do conhecimento
sobre residuos na formagéo de futuros profissionais da biologia. Outro estudo apresenta a
importancia e o devido reconhecimento que os catadores de reciclaveis representam para
a sociedade e que contribuem para apolitica reversa de materiais reciclaveis. Ja outros
trabalhos, procuram avaliar o uso de lodo de ETA e de rejeitos da mineragdo como matéria-
prima a ser incorporada em substituicdo aos extraidos da natureza. Por fim, € apresentado um
trabalho que validou uma metodologia QUEChERS-CLAE/FL na determinagédo do antibiético
Tetraciclina em cama de aviérios.

O ultimo tema é composto por quatro trabalhos que reportam a utilizacéo de biomassa
tanto para remocéao de cor de aguas residuérias, quanto como matéria-prima para a produgéo
de bioetanol. Além disso, apresenta um trabalho que traz uma discussdo em voga em relagéao
aos possiveis riscos associados a utilizagdo de agrotéxicos e por ultimo um trabalho que trata
do desenvolvimento de estratégias de designs para o reuso de espacos urbanos abertos para
0 publico como espagos de acesso ao publico.

Diante desta variedade de estudos, provenientes de pesquisadores (as) de diferentes
partes do Brasil e com contribui¢cdes provenientes de pesquisadores de Portugal e da ltalia,
a Atena Editora publica e disponibiliza de forma gratuita em seu site e em outras plataformas
digitais, contribuindo para a divulgacédo do conhecimento cientifico gerado nas instituicdes
de ensino do Brasil e de outros paises. Assim, a Atena Editora vem trabalhando, buscando,
estimulando e incentivando cada vez mais os pesquisadores do Brasil e de outros paises a
publicarem seus trabalhos com garantia de qualidade e exceléncia em forma de livros ou
capitulos de livros.

Cleiseano Emanuel da Silva Paniagua
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RESUMO: A disposi¢cdo incorreta de residuos
industriais pode causar a contaminacéo de
aguas e solos. Nessa vertente surge o lodo/
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RESIDUOS

residuo de estacdo de tratamento de agua
(RETA) como residuo a ser valorizado para
intensificar a contencéo de residuos e amenizar
0s seus impactos ambientais. Fez-se portanto
a avaliagdo do potencial de valorizagdo do lodo
para a atuagdo como impermeabilizante de obras
de terra e seus impactos nas propriedades do solo
argiloso analisado para possibilidade de reforco
do mesmo. Os resultados apresentados mostram
que o lodo possui uma grande porcentagem de
finos e contribui para a redugéo de plasticidade
do solo, além de apresentar composigao quimica
compativel com caracteristizas pozolanicas e
possibilidade de incorporacdo com materiais
ja utilizados em obras de terra. Tais resultados
indicam um inicio sélido para uma caracterizagcéo
completa do lodo de estagdo de tratamento de
agua para a sua incorporagao e estabilizagcdo em
solos, além de indicar possivel reforco de solos
argilosos e aplicabilidade em liners, a serem
confirmados por investigagbes aprofundadas
acerca de parametros de resisténcia e
permeabilidade.

PALAVRAS-CHAVE: Residuo de Estacdo
de Tratamento de Agua (RETA), Barreira
Impermeabilizante, Contengdo de Residuos,
Reforgco de Solos.

EVALUATION OF THE POTENTIAL USE
OF WATER TREATMENT SLUDGE (WTS)
AS A WATERPROOFING MATERIAL FOR
WASTE CONTAINMENT EARTHWORKS

ABSTRACT: Industrial wastes’ incorrect disposal
can cause groundwater and soils contamination.
In this aspect, the water treatment sludge (WTS)
appears as a potential residue to be valorized
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within soils in order to enhance wastes’ stabilization while mitigating its environmental
impacts. Therefore, geotechnical and chemical evaluations were conducted for assessing
WTS’s potential as a waterproofing agent for earth works, considering their impacts on the
properties of the analyzed clayey soil for assessing possible soil’ reinforcement through a
further investigation. Found results on the WTS characterization have shown a high percentage
of fines, which contributes for the reduction of the soil’s plasticity. In addition, its chemical
composition is compatible with pozzolanic characteristics while being possible to associate
the analyzed WTS with materials already used in earth works. These results indicate a solid
beginning for a complete characterization of the WTS and its stabilization within soils as they
indicate possible reinforcement of clayey soils and use for liners application, which have yet to
be confirmed by in-depth investigations around resistance and permeability properties.
KEYWORDS: Water Treatment Sludge (WTS), Waterproof Barrier; Waste Containment; Soil
Reinforcement.

11 INTRODUCTION

Several earthworks for solid and liquid waste containment as landfills, dams, among
others, use waterproof coatings such as geomembranes or clay-based materials as barriers
against soil contamination. Geomembranes are a costly solution (DUFFY, 2016) and the
use of clays proves to be unsustainable from an environmental point of view, as it involves
the extraction of natural materials from the soil. The main parameters for geotechnical
performance of these materials are low hydraulic conductivity (=1x10-7 cm/s), good
mechanical strength (=56 N/mm2) and good compaction conditions (GANJIAN et al., 2004)
In order to valorize wastes for such application, it is important to assess varied parameters,
such as particle size, density, consistency limits, moisture content, chemical composition,
mechanical and hydraulic characteristics. These parameters will also contribute for a solid
investigation on the affected properties of the soil-residue mixture.

Therefore, the objective of this work is to evaluate the potential valorization of
water treatment sludge (WTS) as a waterproofing agent for waste containment earthworks
(landfills, tailings and stabilization ponds and dams), through the production of soil mixtures
with WTS and its characterization. In addition, found results will provide data for a further
investigation on the geomechanical properties over soil added by WTS.

21 MATERIALS E METHODS

The WTS and the soil were collected at the water treatment plant (WTP) of Caldeirao
from Castelo Branco (Portugal), respectively. Both were analyzed to determine the following
parameters and their adopted standards:

» Sample Preparation according to (ABNT, 2016).
» Granulometry (ASTM, 2017a) and;
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» Laser Difraction through Coulter LS200 (USA).

+ Specific Density (G;) (ASTM, 2014).

« Plastic Limit (LP) e Liquid Limit (LL) (ASTM, 2017b).
» Water Content (w) (ASTM, 2019a).

+ Hydraulic Conductivity (k) (ASTM, 2019b).

« Compaction Characteristics (ASTM, 2012).

* Preparation of Samples according to (ABNT, 2016).
» Granulometry (ASTM, 2017a).

+ Specific Surface Area (SS) through laser diffraction in Coulter LS200 equipment
(USA).

* Specific Grain Mass (G;) (ASTM, 2014).

» Plasticity (LP) and Liquidity (LL) Limits (ASTM, 2017b).
» Water Content (w) (ASTM, 2019a).

* Hydraulic Conductivity (k) (ASTM, 2019b).

» Compression Characteristics (ASTM, 2012).

+ Oxides Elemental Analysis obtained using the EDS (Energy Dispersive
Spectrometer) technique, coupled to a scanning electron microscope (SEM) (model
S-2700 Hitachi, USA).

« Classification according to USCS.

WTS had approximately 75% water content when collected at the WTP. It was
dehydrated at temperatures between 60 and 65°C for better workability. The following four
mixtures of WTS with soil were prepared, with percentages in dry mass, which were tested
for compaction and plasticity characteristics:

1. 05% of WTS e 95% of soil.
2. 10% of WTS e 90% of soil.
3. 15% of WTS e 85% of sail.
4. 20% of WTS e 80% of soil.

31 RESULTS AND DISCUSSION

3.1 Granulometry Characteristics

The particle size curves, and their characteristics are presented in Figure 1.
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Figure 1. Granulometry Distribution

Granulometric curves - WTS COARSE PORTION and SOIL COARSE PORTION - were
obtained through materials’ sieving -, being classified as SM and SW, respectively. However,
due to the difficult deagglomeration of WTS’s particles, the finer portion of WTS’s sample was
analyzed separately by the laser method, being represented by curve WTS FINE PORTION.
This approach was successful due to the presence of an ultrasonic sonicator in aqueous
solution coupled to the equipment, exposing WTS’s mostly fine granulometric composition.
For comparison effects, only the finer part of the soil (<75um sieve) was analyzed in the laser
equipment, obtaining the SOIL FINE PORTION curve. Very fine particles of WTS justify found
SS value of 15900 cmz/g, much larger than the soil’'s 0.005 cm?/g SS. This result indicates
that the analyzed WTS needs more liquid to lubricate and wet its surface, which will affect
characteristics such as specific weight, plasticity index and compaction values.

3.2 Geotechnical Characteristics

Index WTS Soil Mixtures
1 2 3 4
G, (g/cm?) 1,30 2,30 2,15 2,01 1,92 1,83
LL (%) - 35 39 38 42 55
LP (%) - 29 32 34 39 54
IP (%) NP? 6 7 4 3 1
W (%) 86,0 20,5 17,6 22,0 26,6 27,0
Pa.opt (g/cm?3) 1,26 2,04 1,97 1,91 1,86 1,81
k (cm/s) 8x 10+

Table 1. Geotechnical Characteristics
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The geotechnical characteristics are shown in Table 1. Elemental and oxide analysis

are shown in Table 2 while compaction curves are presented in Figure 2.

Elements %,2 i)l V(‘{,Z)S Oxydes %"(/: i)l V(\{,Z)S
o 62,8 60,9 Na,0 0,42 -
Na 0,29 - MgO 1,61 0,59
Mg 0,85 0,30 ALO, 29,5 60,4
Al 12,3 24,5 Sio, 54,0 29,9
Si 19,1 10,3 K,0 4,23 1,15
cl - 1,20 TiO, 0,98 -
K 1,91 0,51 CaO - 2,88
Ti 0,26 - Fe,O, 9,22 5,00
Ca - 1,06
Fe 2,45 1,29

Table 2. Chemical Analysis

Figure 2. Compaction Curves

The analyzed soil has low plasticity and a low specific density, which are expected

values when compared to studied soils in the region, as stated by (SILVA, 2015). Regarding

the WTS, found results indicate a mineralogical structure similar to illite and kaolinite while

being characterized as a non-plastic material, opposing to other studies, which have stated

higher values, such as the 22% value for the plasticity index in (WOLFF et al., 2007)o lodo dos
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decantadores da ETA de uma industria de celulose do Estado de Minas Gerais, juntamente
com outro residuo também produzido no local (dregs for its WTS. Thus, the addition of the
analyzed WTS can provide a finer granulometry to the soil attached to a progressive reduction
on the mixtures’ plasticity. Also, its chemical composition - based on silicon and aluminum
oxides — indicate possible pozzolanic characteristics, creating a siliceous structure similar to
a silica-aluminum gel, that could reduce the number of voids in soils, principally considering
the WTS’s majorly fine particle (BAGRIACIK; GUNER, 2020). Therefore, such results indicate
a solid initial path for WTS’s feasibility for liner application and for soils’ reinforcement
through the introduction of optimal WTS value, which its range seems to be around 15-20%,
corroborating with other successful studies, such as (MONTALVAN, 2021). In addition, GS
of 1.30 g/cm? indicates a low density when compared to soils, indicating possible weight
reduction properties of the WTS-soil mixtures, contributing for a successful feasibility of WTS
as soil stabilizer. Further characterization was proceeded by analyzing hydraulic conductivity
(k) value through a sample saturated in permeameter with constant load, suitable for granular
soils, for 100% WTS. However, the found value of 8 x 10-4 cm/s would be insufficient to
act as a waterproofing agent in civil works, although also necessary to evaluate WTS-soll
iterations. It is worth noticing that the variances found in the chemical analyzes and plasticity
index between different studies expose the variability of WTS residue, due to the varied
used methodologies and coagulants applied in water treatment processes, although WTS’s
chemical analysis exposes a high content of silicon, iron, aluminum and oxygen, as they are
among the most common elements on earth (GOMES, 1986; RAMANAIDOU; WELLS, 2014).

41 CONCLUSIONS

The results indicated the analyzed WTS does not meet the necessary parameters to act
as a waterproofing material alone but has a great potential for incorporation with already used
materials, such as in mixtures with clayey soils, which would attend the minimum hydraulic
conductivity requirements for barriers - 107 cm/s - contributing for filling the voids due to its
finer granulometry. However, a more in-depth study is needed regarding WTS-soil iterations
and their hydraulic conductivities for further evaluation on the abovementioned minimum
hydraulic requirements. Furthermore, the variability of WTS and its characteristics indicate
the need for its constant evaluation for different possible applications. However, the addition
of the analyzed WTS to the soil allows a finer granulometry and reduction in the weight due
to its low specific weight. Also, a progressive reduction on plasticity indexes and possible
pozzolanic characteristics occurrence were also stated. Thus, the study exposes a solid
beginning for WTS valorization as a waterproofing material for earthworks. In addition, WTS
introduction within soft soils seems to improve their geotechnical characteristics, contributing
for a successful soil’s reinforcement. Thus, properties improvement and environmental
impacts reduction generated by its in-nature disposal seems to be reachable, although further
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investigation is necessary over resistance and hydraulic performances.
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