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Abstract
This study aimed to evaluate a nonwoven (NW) production and performance from cellulose acetate fiber from cigarette butts and
applied to a filtration system for surface water pre-treatment. The system had a surface area of 528 cm², cellulose acetate from cigarette
butt as filter media, was used and was fed with surface water from a pond. In order to evaluate the treatment performance of the
filtration system were evaluated in the raw water (RW) and the filtered water (FW) the classical parameter of water quality as turbidity,
total suspended solids (TSS), apparent color, true color, and total organic carbon (TOC) and heavy metals (iron, copper, and cadmium).
Moreover, the presence of nicotine was investigated in the FW. The results showed a mean removal efficiency in order to 62.01%,
54.42%, 50.36 %, 6.73%, and 5.20% for turbidity, TSS, apparent color, true color, and TOC, respectively. The removal of metals varied
in the order of 72.26%, 9.61%, and 2.12% for cadmium, iron, and copper, respectively. The presence of nicotine in RW and FW was
not identified. In this way, besides reducing the negative environmental impacts caused by cigarette butts present in the environment,
the developed technology showed potential for removing pollutants present in surface waters.
Keywords: Cigarette butt; Filtration; Cellulose acetate
Resumo
O objetivo desse estudo foi avaliar a produção e desempenho de um nãotecido (NW) desenvolvido a partir da fibra de acetato de
celulose oriunda da bituca de cigarro e aplicado a um sistema de filtração no pré-tratamento de água superficial. O filtro possuía as
seguintes características: uma área superficial de 528 cm², construído a partir de acetato de celulose oriundo de bituca de cigarro e foi
alimentado com água superficial de uma lagoa. Para avaliar o desempenho de tratamento do sistema de filtração foram avaliados na
agua bruta (AB) e na água filtrada (AF) os parâmetros clássicos de qualidade de água como turbidez, sólidos suspensos totais (TSS),
cor aparente, cor verdadeira e carbono orgânico total (COT) e metais pesados (Zn, Fe, Cu, Cd, Mn e Pb). Além disso, também foi
avaliado a presença de nicotina e metais pesados na AF. Os resultados demonstraram remoção na ordem de 62.01%, 54,42%, 50,36%,
6,73% e 5,20% para turbidez, TSS, cor aparente, cor verdadeira e COT, respectivamente. A remoção de metais variou na ordem de
72,26%, 9,61% e 2,12% para Fe, Cd e Cu, respectivamente. Não se identificou a presença de nicotina na AB e na AF. A tecnologia
desenvolvida mostrou potencial para remoção de poluentes presentes em águas superficiais, além de reduzir os impactos ambientais
negativos causados pelas bitucas de cigarro presentes no ambiente.
Palavras-chave: Bituca de cigarro; Filtração; Acetato de celulose

Received: 4 June 2021; Accepted: 28 August 2021

Anu. Inst. Geociênc., 2022;45:44159

DOI: https://doi.org/10.11137/1982-3908_45_44159

1

Nonwoven from cigarette butt applied in pre-treatment of surface water

1 Introduction
Worldwide, cigarette butt are one of the most
common solid residues found in public areas, corresponding
to values in the range of 25% to 50% of the amount of waste
collected in these areas (Dobaradaran et al. 2017; Healton
et al. 2011).This type of residue is composed of a cellulose
acetate material, which is used to filter toxic substances
present in cigarette smoke (Novotny et al. 2015; Wang et
al. 2020). In this sense, this residue has limited potential
for biodegradation, due to the high acetate concentration,
which makes it inert to the microbial degradation process,
requiring a long time for the degradation (Puls, Wilson &
Hölter. 2011). Moreover, during the cigarette manufacturing
process, plasticizers are added, and the fibers receive high
compaction, thus making the disintegration process difficult.
In this sense, studies showed that the degradation rate of
a cigarette butt is low, resulting in a reduction of only
37.8% of initial mass, after two years of decomposition
(Bonanomi et al. 2015).
In addition to the low degradation capacity of
cigarette butts, they have negative environmental impacts,
when disposed of inappropriately. Recent studies have
shown that cigarette butt residue (CBR) is lethal to 50% of
the organisms present in surface water bodies, in addition
to contaminating approximately 1000 L of water, as the
leaching of these compounds can last up to 10 years (Liu
et al. 2020b).
Currently, different strategies have been developed
in order to make the CBR environmentally suitable, seeking
to recover cellulosic material from cigarette butts (d’Heni
Teixeira et al. 2017; Benavente et al. 2019). Nowadays,
CBR is part of different products in the production chain
from different sectors such as civil construction (Abdul,
Kadir & Mohajerani 2015), metallurgical (Zhao et al. 2010)
agriculture (Murugan et al. 2018), energy storage (Xiong
et al. 2019) and pulp and paper industry (d’Heni Teixeira
et al. 2017).
One of the technological alternatives is the
manufacture of a nonwoven using cellulose acetate fiber
from the butts cigarette and applying it in the surface water
pre-filtration process. This is occurring because the cellulose
acetate fiber is widely used as filtering agents, largely used
for the production of membranes, given its high mechanical
strength, biodegradability, high filtration capacity, and
porosity, ease of processing and film formation, high flow,
absent toxicity, and biocompatibility, in addition to being
a low-cost material (Edgar et al. 2001). As early as 1953,
studies showed that cellulose acetate-based membranes
were used as a highly efficient material for saline retention
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in reverse osmosis processes (Matsuura 2001). Moreover,
the development of nonwovens is relevant trend, due to
the wide field of application, especially in the control of
air pollution and water treatment, as they are versatile and
flexible structures to be designed in different ways (Hutten
2007). Several studies have shown that the application
of nonwoven fabric has potential for the water filtration
process (Inoue et al. 2009; Mulligan et al. 2009; Tian et
al. 2011).
Due to its high filtration capacity, cellulose acetate
is the material used to produce the cigarette filter (Santarini
& Bianchin 2017), in addition to being used for the removal
of particles during smoking (Cheng et al. 2010). It should
be noted that this fiber has interesting adsorption properties,
given studies aimed at the adsorption of antibiotics in water
samples (Chen Wang & Huang 2012) organic pollutants
removal from aqueous solutions (Lima et al. 2018), removal
of polycyclic aromatic hydrocarbons from water (Liang,
Han & Yan 2006). In this sense, this study aimed to evaluate
the treatment performance of a cellulose acetate fiber
filtration system applied for pre-treatment of surface water.

2 Materials and Methods
2.1 Cellulose Acetate Fiber Preparation
The first step in the process of making the filtration
system was pre-cleaning the CBR, manually removing the
external paper, burnt ends, and ash and tobacco residues.
Subsequently, a process of cleaning the CBR was carried
out in three stages. In steps 1 and 2 a cooking process
was carried out, lasting 30 min each. In these two steps, a
proportion of 500 g of CBR pre-sanitized, 160 g of sodium
bicarbonate, and 100 mL of hydrogen peroxide (6%) were
added to 5 L of water and left at a boiling temperature
in a steel container stainless. Subsequently in step 3, the
material was washed with water and placed in rest in 200
mL of sodium hypochlorite (2.5%) for 12 hours. After the
resting time, the material was washed again with water,
centrifuged (1000 RPM), and dried at room temperature
for approximately 48 hours. This hygiene process was
carried out following the Salem (2010) recommendations.
With dry cellulosic material (CM) the carding
process was performed manually to obtain the NW. The
carding process was used to separate the fibers, remove the
knots and group them, forming a kind of blanket, leaving
the material ready for consolidation. After this process, the
carded blankets were moistened with an aqueous solution of
acrylic resin (styrene acrylic copolymer 5-chloro-2-methyl-
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2H-isothiazol-3-one;2-methyl-2H-isothiazol-3-one) under
different solids concentration (10%, 20% and 30%). Acrylic
resin was used for its wide application in the production
of nonwoven, due to film-forming capacity, water vapor
permeability and environmental stability (Chiantore &
Lazzari 1996). In addition, acrylic resin provides thermal
and chemical resistance to nonwovens, improving their
performance ( Hubbe & Koukoulas 2016; Manfredi &
Rodrı 2006; Patnaik et al. 2019). These concentrations
were achieved by diluting the resin in water and evaluated
with a portable analog refractometer (SBC10). The material
moistened with the resin was spread on a metallic surface
and taken to oven drying at 70 °C for 3 h.

2.2 Characterization of Cellulosic Material,
Resin and Nonwoven
The chemical composition of CM, resin, the
nonwoven containing a composition of 10 % solids (NW
10), nonwoven containing a composition of 20% solids (NW
20), and nonwoven containing a composition of 30% solids
(NW 30) were investigated. For this, a fourier-transform
infrared spectrometer (FTIR) (Cary 600 Series, USA),
in the 640-4000 cm-1 wavelength range, at a spectral
range of 4 cm-1 was used. The morphology of different
samples (NW10, NW 20, and NW30) were identified by
scanning electron microscopy (JEOL JSM-6390LV, EUA).
In addition, the weight of nonwoven samples was evaluated
following the recommendations of NBR 139 (ABNT. 2008)
and NBR 12984 (ABNT. 2009).
Moreover, to evaluate the amount of liquid that
can be retained by the nonwoven, an absorption test was
conducted (Equation 1). NW10, NW20, and NW30 samples
were soaked with two different solutions in isolation, one
being tap water supplied by the water supply company and
the other water from a surface water body. The test was
performed in triplicate and followed the recommendations
of Kakonke et al (2020).
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Where: W1: Dry nonwoven weight (g); W2: Nonwoven
weight after the absorption process (g).

2.3 Cellulose Acetate Fiber Filtration System
The system was feed with surface water from Peri
Pond, located in the city of Florianópolis, southern Brazil. In
general, the raw water was pumped to the filter and later the
filtration was stored in the filtered water tank. The process
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was characterized as rapid filtration with ascending flow.
The average flow was 3.123 L min-1, the average pump
pressure was 48.4 psi and the hydraulic loading rate was
2340.11 mm d-1.
The system consisted of a raw water tank, a pump
(¼ CV), a pipe that connected the elements, a support
structure containing the filter element of the system, and
the filtered water tank (Figure 1). To make the filtering
element, a commercial filter tube was used, measuring 24
cm in height, 3 cm in diameter, and three blankets of NW
10 sample. After the carding process, three carded CM
blankets were added to an aluminum container, resulting
in a single blanket of approximately 65 g of material. The
material was moistened with resin containing 10% solids.
The blanket was wrapped in a commercial filter tube and
taken to a drying and sterilization oven, where it remained
in the drying process at 70 °C for 12 h. After drying, the
filter material had a diameter of 7 cm, a height of 24 cm,
a surface area of 528 cm2, and a total volume of 692 cm3.

2.4 Cellulose Acetate Fiber Filtration
System Monitoring
During the study period (June to October, 2020)
collections of surface water (raw water) from Peri Pond were
carried out twice a week. The physical-chemical parameters
evaluated in the raw water (RW) and filtered water (FW)
were absorbance, turbidity, pH, total organic carbon (TOC),
apparent and true color, total solids (TS), total suspended
solids (TSS), total dissolved solids (TDS). All analyses
followed American Public Health Association (2005)’s
recommendations, except for TOC that a Shimadzu analyzer
model TOC-L was used. All analyses were conducted in
triplicate.
To assess the presence of nicotine in the FW, nicotine
quantification was performed following an adaptation of
the methodology of Al-Tamrah (1999). The readings were
performed on the Spectrophotometer (HACH DR/5000) in
a quartz cuvette, 1 cm optical path, 251 nm wavelength.
Moreover, the quantification of different metals (iron,
copper, and cadmium) was evaluated in the RW and FW
samples, following recommendations from EPA 3050 e
3051 (Güven; Akinci. 2011). The samples were read on the
flame atomic absorption spectrometer (SpectrAA 50-B).

2.5 Ecotoxicological Testing of Filtered Water
In order to evaluate the presence of some acute toxic
effect in the FW such as the release of metals and nicotine,
an acute toxicological test was performed with D. magna.
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Figure 1 Scheme representing the Cellulose acetate fiber filtration system. A. Raw water tank; B. Pump; C. connecting pipe; D. Filter
media; E. support structure of the filter material; F. filtered water tank.
The organisms, exclusively female, were preserved in 2
L beakers containing the M4 medium, with the density of
an adult organism per 50 mL of medium. The culture was
stored at a temperature of 20 ± 2 °C and a photoperiod
of 16 h. The filtered water samples were then suspended
and homogenized in an ultrasonic device with probe and
microtip (Q500 Sonicator 500 W, Q Sonica, USA), applying
250 W for 5 min. The acute toxicity test with D. magna
followed the recommendations of ISO 6341/2012 and NBR
12713 (ABNT. 2016).
Newborn organisms (2-26h) were exposed to
the FW sample and after 48 hours their immobility was
measured. The evaluated data were analyzed statistically
by the Trimmed Spearman-Karber and the result was
determined as LC 50, 48h, by EPA 821-R -02-012 (United
States Environmental Protection Agency 2002). The tests
were performed in triplicate.
Anu. Inst. Geociênc., 2022;45:44159

3 Results and Discussions
3.1 Sanitization of Cigarette Butt Residues
Posteriorly the three cooking step of CBR a dark
liquor was released which originated during the cooking
process, obtaining as a final product a clarified material
(Figure 2 A, B and C). After drying this material, the CM
sanitized was obtained (Figure 2 D). Cellulose acetate,
the main input of RB, when placed in an alkaline medium
undergoes hydrolysis reaction resulting in the formation of
cellulose (d’Heni Teixeira et al. 2017). The methodology
employed resulted in obtaining 50% of cellulose about
the initial mass of CBR used. This fact happened because
this reaction removed the lignin, dissolved other toxic
contaminants present, in the butt cigarette ( d’Heni Teixeira
et al. 2017; Mehta et al. 2006).
4
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Figure 2 Steps in the process of cooking cigarette butts: A. First stage of cooking; B. Second stage of cooking; C. Rest in sodium
hypochlorite solution; D. Dry cellulosic material.
Subsequently, the fiber layers containing about
22 grams were wet bonded using a styrene copolymer
acrylic resin (with initial solids concentration of 40%)
using three solids concentrations (10, 20 and 30%). The
surface of sample NW10 (Figure 3A) demonstrated greater
flexibility, greater uniformity of the fiber layer, in addition
to a smoother surface compared to other samples (Figure 3B
and 3C). This fact may be associated with the concentration
of solids, that is, the resin used was more diluted. In the case
of the NW20 sample, a more rigid layer was identified, in
addition to spots with lack of fibers (Figure 3B). In relation
to NW30 samples, an irregular surface was identified, in
addition to stiffness, showing ruptures in the fabrication
of the filter element (Figure 3C).

3.2 Characterization of Cellulosic Material,
Resin and Nonwoven
3.2.1. Functional Groups Present in The Samples
of Cellulosic, Resin and Nonwoven Material
In order to evaluate the functional groups, present
in the samples, FTIR analyses were performed for the resin
CM and NW10, NW20, and NW30 samples (Figure 4 and
Table 1). In general, a peak of 3360 cm-1 was observed for all
samples, which is associated with the stretching vibrations
of the O-H bonds, attributed to a hydrogen bond. The 2940
cm-1 peak is characteristic of the stretching vibrations of
the aliphatic C-H bonds. The carbonyl group appeared
at 1730 cm-1, characterized by the stretching vibration of
Anu. Inst. Geociênc., 2022;45:44159

the C=O bond, strongly suggesting the preservation of
cellulose acetate.
More evident spectral changes are observed in
the region from 1000 to 1500 cm-1, with the CM having
cellulose acetate in its composition, and this one presents
an FTIR spectrum with bands characteristic of CO stretches
of primary alcohol and ester in 1038 and 1226 cm-1,
respectively (Figure 4A). In addition, the band at 1371 cm-1
configures the alcohol group O-H stretch in the structure.
Regarding the resin, there was the appearance of the CO
stretching, characteristic of styrene, expressed in 1455 cm1
, the weakening of the peak 1371 cm-1 belonging to the
angular deformation of the CH groups, and the decrease
in the peak 1226 cm-1 to the acetylated group (Figure 4B).
The peak of 1169 cm-1 appears, it is identified as stretching
vibration in C-O-C, characterizing the ether group and the
peak related to the O-H bond disappears, explicit in 1038
cm-1 present in cellulosic structures.
When producing nonwovens using increasing
proportions of solids content in the resin (10%, 20% and
30%), a gradual reduction in the peaks of 1038 and 1226
cm-1 and an increase in the peak of 1165 cm-1 were identified
(Figure 4C). In addition, there is a reduction in the peak of
alcohol O-H stretch by 1371 cm-1 and an increase in the
O-H stretch of carboxylic acid by 1455 cm-1. In this sense,
it is identified that as the solids concentration of the resin
increased, the absorption bands became weaker as well as
the stretching vibrations of the O-H bonds. Therefore, the
lower the presence of hydroxyls, the greater the stiffness of
the non aluminum woven fabric and the lower the material’s
absorption capacity.
5
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Figure 3 Images of nonwoven after consolidation of fibers with resin. A. NW10; B. NW20; C. NW30.
can be observed in the morphological characteristics of the
samples, where the NW10 sample presented a uniform fiber
layer, resin coating of fibers and fiber bonding in addition
to a smooth surface (Figure 5A and 5B). Meanwhile, the
sample from NW20 (Figure 5C and 5D), demonstrated
a layer with disconnection points between the fibers, in
addition to these not being encapsulated, resulting in an
inhomogeneous layer caused by the non-continuity of
the coating with the resin (Hemamalini et al. 2020). The
sample from NW30 also showed an irregular surface,
also with spots of gaps between the fibers, however it
presented a greater connection between the fibers compared
to NW20 (Figs. 5E and 5F). Therefore, NW10 denoted the
best NW formation corroborating the images obtained after
the consolidation of the fibers (Figure 3).
3.2.3. Grammage Analysis

Figure 4 FTIR spectrum. A. Cellulosic material; B. Resin; C.
NW10, NW20, and NW30.
3.2.2. Morphological Characteristics of the Nonwoven
Fiber misalignment was identified and the formation
of nonwovens was proven (Figure 5). Nonwovens are
characterized by having a flat, flexible, porous structure,
consisting of disordered fibers (Dixit, Ishtiaque & Roy 2020).
Fiber orientation in a carded mat is influenced by carding
machine parameters (Dixit et al. 2020). However, in the
present study, the carding process was performed manually,
directly influencing the fiber arrangement. This influence
Anu. Inst. Geociênc., 2022;45:44159

The weight of a nonwoven is considered to be one of
the important properties in the evaluation of its performance
(Senthil & Punitha 2017). The weights obtained from
samples NW10, NW20 and NW30 were 115g/m2, 112g/
m2, 132g/m2, respectively. Thus, the result identified showed
that the concentration of resin solids showed a behavior
directly proportional to the increase in weight since the
weight of the NW30 grew considerably in relation to NW10
and NW20. In this way, all NW produced in this study
are characterized as heavy, according to the classification
of the Brazilian Association of Nonwoven and Technical
Fabrics Industries (ABNT. 2019). The weight expressed
in g/m2 refers to the relationship between mass and area
of the nonwoven, which is a factor directly linked to the
number of fibers and the density of the material (Mendes
2006). Therefore, considering the same mass of fibers used
for the NW production, the grammage was influenced by
solids concentration present in the resin. This behavior
may be related to the fact that the smaller the amount of
solids in the resin, the lower the grammage, the greater is
the uniformity and cohesion of the fibers, in addition to
the NW 10 having greater absorption capacity.
6
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Table 1 Wave number, types of vibrations and peak intensity obtained from the FTIR spectrum.
Sampling

Wave number (cm-1)

Types of vibrations

Intensity (%)

3360

ν(O-H)

CM: 1.45; Resin: 27.08;
NW10: 1.90
NW20: 2.29; NW30: 1.59;

2940

ν(C-Hs)

CM: 6.62; Resin: 7.31;
NW10: 7.25
NW20: 8.40; NW30: 4.03

1730

ν(C=O)

CM: 9.92; Resin: 11.40;
NW10: 10.03
NW20: 8.16; NW30: 9.30

Resin, NW10, NW20 and NW30

1455

ν(C-O)

Resin: 4.89; NW10: 3.13;
NW20: 3.10; NW30: 3.64

CM, NW10 and NW20

1371

δ(C-H)

CM: 4.87; NW10: 3.41;
NW20: 2.66

CM, NW10

1226

ν(C-O)

Resin

1169

ν(C-O-C)

Resin: 23.35

NW20 and NW30

1165

ν(C-O-C)

NW20: 4.68; NW30: 20.27

CM, NW10 and NW20

1038

δ(O-H)

CM: 20.05; NW10: 14.38;
NW20: 8.40

CM, Resin, NW10, NW20 and NW30

CM: 9.84; NW10: 12.07

(ν) stretch (δ) angular deformation in the plane.

3.2.4. Absorption Capacity Analysis
The results showed a strong relationship between
the solids content of the resin and its ability to absorb
liquids (Figure 6). The absorption values varied from 1.52
to 4.99 g g-1 for RW and between 1.71 to 4.01 g g-1 for tap
water. The greatest absorption capacity was obtained for
NW10 (4.99 and 4.01 g g-1) in relation to NW20 (2.25 and
2.70 g g-1) and NW30 (1.52 and 1.70 g g-1) respectively.
This behavior occurred both for both samples (tap water
and RW).
Cellulose acetate fiber has a hygroscopic character
(Nomura et al. 1993). However, the resin used has a nonhygroscopic characteristic (Chiantore & Lazzari 1996).
In this way, a relationship can be established in the order
of the higher the solids content in the resin, the lower the
absorption capacity (Figure 6).

3.3 Cellulose Acetate Fiber Filtration
System Treatment Performance
In general, the system showed a satisfactory removal
of turbidity, color, and suspended solids (Table 2). There
was no significant change in relation to the value related
to the absorbance of FW compared to RW. This parameter
is indicative of the presence of dissolved organic matter
(Souza. 2015). Some compounds like humic acid can absorb
light at ultraviolet wavelengths. In this sense, the absorbance
Anu. Inst. Geociênc., 2022;45:44159

result is probably related to the existence of humic materials
presents in the RW.
Regarding the pH, it was possible to notice that
66% of the values related to the pH of the RW remained
below 7, with an average of 6.64. This can be explained
through two variables. Firstly, due to the high respiration
rate of organisms present in the RW samples, with the
release of carbon dioxide and the consequent formation
of carbonic acid, keeping the pH close to neutral (Coral
2009). In addition, these pH values may be associated with
the presence of humic materials (Hennemann 2010). After
the filtration process, the pH values followed the same
behavior as RW, remaining close to neutrality (Table 2).
At the same time, a 62.01% removal for turbidity
was identified (Figure 7A). A study conducted by Mulligan
et al. (2009) using nonwovens in the column filtration
process for surface water treatment achieved turbidity
removals in the order of 93%. The difference in removal
performance between studies may be associated with the
variation of the turbidity concentrations in the RW which
was superior (20 to 100 NTU) in studies of Mulligan et
al. (2009). In addition, the RW of this study had average
turbidity of around 6.83 NTU. These values are considered
the next of 5.0, that is values recommended by Ordinance
5/2017 on Consolidation (BRASIL. 2017). Therefore, due
to the low turbidity values identified in the RW, the removal
process may have been influenced.
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Figure 5 Electron microscope images of consolidated nonwovens. A. NW10 (magnification 40 x); B. NW10 (magnification 100 x); C.
NW20 (magnification 40 x); D. NW20 (magnification 100 x); E. NW30 (magnification 40 x); F. NW30 (magnification 100 x).

Figure 6 Absorption capacity of the different nonwoven samples.
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Table 2 Mean, median values and standard deviation of different contaminants identified in raw water and filtered water.
Parameter
n=15

Raw water

Filtered water

Mean removal efficiency (%)

0.05
0.01
0.05

0.06
0.01
0.06

–

8.06
1.11
7.94

7.64
0.93
7.96

5.20

74.90
6.72
75.00

37.20
6.06
36.00

50.36

15.04
2.33
14.00

14.03
1.60
13.60

6.73

6.64
0.93
6.70

6.21
0.80
5.90

–

6.34
3.00
5.45

2.89
1.21
2.87

54.42

6.83
2.97
6.00

2.58
1.77
2.50

62.01

Absorbance (cm-1)
Mean
Standard deviation
Median
TOC (mg L-1)
Mean
Standard deviation
Median
Apparent color (uH)
Mean
Standard deviation
Median
True color (uH)
Mean
Standard deviation
Median
pH
Mean
Standard deviation
Median
TSS (mg L-1)
Mean
Standard deviation
Median
Turbidity (NTU)
Mean
Standard deviation
Median

Note: total suspended solids (TSS); total organic carbono (TOC)

The average removal efficiency of apparent color
was 50.36%, while the removal of true color was only 6.73%
(Figure 7B). The apparent color removal is associated with
suspended material, indicated by turbidity. The low true
color removal efficiency was already expected (Figure 7C).
The fact that the true color has a low removal was
already expected. This happened because no combination of
physicochemical and biological processes was used, since
to remove this parameter it is necessary to use chemical
coagulation or ozonation (Di Bernardo et al. 1999; Pizzolatti
2014). Regarding TOC, the mean removal efficiency
was 5.20% (Figure 7D). This low TOC performance of
treatment may be associated with the fact that a large
part of TOC usually presents in dissolved form (Aiken
2002). Meanwhile, TSS mean removal efficiency was
54.42% (Figure 7E). Palakkeel Veetil et al. (2021) with
synthetic water evaluated the use of nonwovens as a filter
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medium, seeking to improve the quality of surface water
in a eutrophic lake. The mean removal efficiency obtained
by the authors was close to 100%. Probably, the difference
in the TSS removal between the studies may be associated
with the difference in the concentration of TSS in RW,
since in the study by Palakkeel Veetil et al. (2021), RW
presented a concentration of about 32.5 mg L-1, while in
this study the mean was 6.34 mg L-1.
Table 3 shows the treatment performance regarding
the removal of metals. In general, all metals showed
concentrations below the maximum permitted values
contained in Ordinance 518/2004 (BRASIL, 2004). Higher
treatment performance was identified for iron (72.26 %),
while the removal of copper and cadmium was in the
order of 2.12 % and 9.61 %. The removal of metals was
considered satisfactory because it is a filtration system
coming from a CBR.
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Figure 7 Behavior of the different pollutants identified in raw water (RW) and ed water (FW). A. Turbidity; B. Apparent color; C. True
color; D. Total organic carbon; E. Total suspended solids.
Table 3 Mean and standard deviation from heavy concentration found in raw water and filtered water.
Metals

Raw water
mg L-1

Filtered water
mg L-1

Mean Removal
eficiency (%)

518/2004
mg L-1

Iron

1.14 ± 1.92

0.31 ± 0.13

72.26

0.3

Copper

-0.51 ± 0.01

-0.50 ± 0.01

2.12

2

Cadmiun

-0.35 ± 0.13

-0.32 ± 0.17

9.61

0.005

The presence of nicotine in both RW and FW has
not been identified. This behavior was not expected. The
average dose of nicotine per filter cigarette is around 11.9
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mg (Carey et al. 2010). Since the filter element of the system
is CM from CBR is noted that there was no detachment of
nicotinic residues during the filtration process.
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3.4 Ecotoxicological Test
The toxicity test showed that there was no release
of toxic material from the NW to the water sample during
the filtration process. Therefore, according to the results
obtained in relation to the non-detection of nicotine and the
low presence of heavy metals in filtered water, it is noted
that the concentrations of metals found were not sufficient
to influence the development of D. magna. The nicotine is
highly toxic to D. magna, it interrupts the neurotransmission
at the neuromuscular junction ( Chen et al. 2018; Vlasceanu
et al. 2015).

4 Conclusion
Based on the monitoring of a cellulose acetate
filtration system coming from cigarette residues, it is
concluded that:
• Nonwoven made from a resin containing 10% solids
showed better encapsulation and cohesion between
the fibers, greater uniformity of the fiber layer, in
addition to a smoother surface and better absorption
capacity (4.99 g g-1 for Raw Water and 4.01 g g-1 for
Tap Water) in relation to samples with 20 and 30
solids content for making the filter element;
• The filtration system removed 62.01%, 54.42%,
50.36%, 6.73% and 5.20% for turbidity, TSS,
apparent color, true color and TOC respectively;
• The removal of heavy metals was 72.26%, 9.61% and
2.12% for iron, cadmium and copper respectively,
keeping within the Brazilian standards for surface
water;
• Nicotine concentration was below the detection limit
and there was no toxicity to D. magna after 48 h of
exposure in a sample without dilution.
The filtration system proved to be a viable
technology to be used in the surface water pre-filtration
process, especially in the cases of rural areas, outlying
areas of cities and settlements.

5 Acknowledgement
Author ASLV is especially grateful to the Laboratory
of Environmental Toxicology (LABTOX) at UFSC for their
help and promptness.

6 References
Abdul Kadir, A. & Mohajerani, A. 2015, ‘Effect of heating rate
on gas emissions and properties of fired clay bricks and
fired clay bricks incorporated with cigarette butts’, Applied

Anu. Inst. Geociênc., 2022;45:44159

Vielmo et al.

Clay Science, vol. 104, pp. 269–76. https://doi.org/10.1016/j.
clay.2014.12.005
ABNT – vide Associação Brasileira de Normas Técnicas.
Aiken, G. 2002, ‘Organic Matter in Ground Water’,U.S. Geological
Survey Artificial Recharge Workshop Procedings, U.S.G.S,
Sacramento, California. https://water.usgs.gov/ogw/pubs/
ofr0289/ga_organic.htm
Al-Tamrah, S.A. 1999, ‘Spectrophotometric determination of
nicotine’, Analytica Chimica Acta, vol. 379, no. 1–2, pp.
75–80. https://doi.org/10.1016/S0003-2670(98)00517-0
American Public Health Association 2005, Standard methods for
the examination of water and wastewater, 21st. edn, American
Public Health Association, Washington, 1496 p.
Associação Brasileira de Normas Técnicas 2016, NBR 12713:
Ecotoxicologia aquática: Toxicidade aguda: Método de ensaio
com Daphnia spp (Crustacea, Cladocera), Rio de Janeiro.
Associação Brasileira de Normas Técnicas 2017, NBR 13370:
Não Tecido: terminologia, Rio de Janeiro.
Associação Brasileira de Normas Técnicas 2009, NBR 12984:
Não tecido: Determinação da massa por unidade de área,
Rio de Janeiro.
Associação Brasileira de Normas Técnicas 2008, NBR ISO 139:
Têxteis: Atmosferas: padrão para condicionamento e ensaio,
Rio de Janeiro.
Benavente, M.J., Caballero, M.J.A., Silvero, G., López-Coca,
I. & Escobar, V.G. 2019, ‘Cellulose Acetate Recovery from
Cigarette Butts’, Proceedings, vol. 2, no. 20, p. 1447. https://
doi.org/10.3390/proceedings2201447
Bonanomi, G., Incerti, G., Cesarano, G., Gaglione, S.A. &
Lanzotti, V. 2015, ‘Cigarette butt decomposition and
associated chemical changes assessed by13C cpmas NMR’,
PLoS ONE, vol. 10, no. 1, pp. 1–16. https://doi.org/10.1371/
journal.pone.0117393
Brasil 2017, Portaria de nº 5, de 28 de setembro de 2017, viewed
30 April 2021, <http://bvsms.saude.gov.br/bvs/saudelegis/
gm/2017/prc0005_03_10_2017.html>.
Brasil 2004, Portaria MS nº 518/2004, viewed 5 May 2021, http://
bvsms.saude.gov.br/bvs/publicacoes/portaria_518_2004.pdf.
Carey, L.R., Brutlag, A.G., Gary D.O. & Lee, J.A. 2010,
Blackwell´s five-minute veterinary consult, clinical companion
small animal toxicology, Wiley-Blackwell, Ames, Iowa.
Chen, K.F., Huang, S.Y., Chung, Y.T., Wang, K.S., Wang, C.K.
& Chang, S.H. 2018, ‘Detoxification of nicotine solution
using Fe0-based processes: Toxicity evaluation by Daphnia
magna neonate and embryo assays’, Chemical Engineering
Journal, Elsevier, 331 (August 2017), pp. 636–43. https://
doi.org/10.1016/j.cej.2017.09.029
Cheng, H.N., Dowd, M.K., Selling, G.W. & Biswas, A. 2010,
‘Synthesis of cellulose acetate from cotton byproducts’,
Carbohydrate Polymers, vol. 80, no. 2, pp. 449–52. https://
doi.org/10.1016/j.carbpol.2009.11.048
Chiantore, O. & Lazzari, M. 1996. ‘Characterization of Acrylic
Resins’. International Journal of Polymer Analysis and
Characterization, vol. 2, no. 4, 395–408, https://doi.
org/10.1080/10236669608033358
Coral, L. A. 2009, ‘Remoção de cianobactérias e cianotoxinas
em águas de abastecimento pela associação de flotação por
11

Nonwoven from cigarette butt applied in pre-treatment of surface water

ar dissolvido e nanofiltração’, Dissertação de Mestrado,
Universidade Federal de Santa Catarina, Brasil. http://
repositorio.ufsc.br/xmlui/handle/123456789/93382
Di Bernardo, L.; Brandão C.C.S. & Heller, L.A.D. 1999, Programa
de Pesquisa em Saneamento Básico. Tratamento de águas
de abastecimento por filtração em múltiplas etapas, ABES,
Rio de Janeiro.
d’Heni Teixeira, M.B., Duarte, M.A.B., Raposo Garcez, L.,
Camargo Rubim, J., Hofmann Gatti, T. & Suarez, P.A.Z.
2017, ‘Process development for cigarette butts recycling into
cellulose pulp’, Waste Management, vol. 60, pp. 140–50.
https://doi.org/10.1016/j.wasman.2016.10.013
Dixit, P., Ishtiaque, S.M. & Roy, R. 2020, ‘Influence of sequential
punching in layered structure of needle punched nonwoven
on the filtration behavior’, Composites Part B, vol. 182,
no. October 2019, p. 107654. https://doi.org/10.1016/j.
compositesb.2019.107654
Dobaradaran, S., Nabipour, I., Saeedi, R., Ostovar, A., Khorsand,
M., Khajeahmadi, N., Hayati, R. & Keshtkar, M. 2017,
‘Association of metals (Cd, Fe, As, Ni, Cu, Zn and Mn) with
cigarette butts in northern part of the persian gulf’, Tobacco
Control, vol. 26, no. 4, pp. 461–3. https://doi.org/10.1016/
S0079-6700(01)00027-2
Edgar, K.J., Buchanan, C.M., Debenham, J.S., Rundquist, P.A.,
Seiler, B.D., Shelton, M.C. & Tindall, D. 2001, ‘Advances in
cellulose ester performance and applicaton.pdf.crdownload’,
Prog. Polym. Sci., vol. 26, pp. 1605–88. https://doi.
org/10.1016/S0079-6700(01)00027-2
Güven, D.E. & Akinci, G. 2011, ‘Comparison of acid digestion
techniques to determine heavy metals in sediment and soil
samples’, Gazi University Journal of Science, vol. 24, no.
1, pp. 29–34. https://dergipark.org.tr/en/download/articlefile/83026
Healton, C.G., Michael Cummings, K., O’Connor, R.J. &
Novotny, T.E. 2011, ‘Butt really? The environmental impact
of cigarettes’, Tobacco Control, vol. 20, no. 1 Suppl, p. 1.
https://doi.org/10.1136/tc.2011.043729
Hemamalini, T., Vikash, N., Brindha, P., Abinaya, M. & Dev,
V.R.G. 2020, Comparison of acid and water-soluble chitosan
doped fi brous cellulose hemostat wet laid nonwoven web
for hemorrhage application’, International Journal of
Biological Macromolecules, vol. 147, pp. 493–8. https://
doi.org/10.1016/j.ijbiomac.2020.01.085
Hennemann, M.C. 2010, ‘Dinâmica da Qualidade da Água em
uma Lagoa Costeira: o Caso Peculiar da Lagoa do Peri, Ilha
de Santa Catarina’, Brasil, Dissertação, Universidade Federal
de Santa Catarina, Brasil. https://poseco.ufsc.br/files/2010/09/
dissertação-mariana-c.-hennemann.pdf
Hubbe, M.A. & Koukoulas, A.A. 2016, ‘Using Synthetic and
Cellulosic Fibers’. Bioresources, 11 (2), pp. 5500–52.
Kakonke, G., Tesfaye, T., Sithole, B. & Ntunka, M. 2020,
‘Production and characterization of cotton-chicken feather
fibres blended absorbent fabrics’, Journal of Cleaner
Production, Elsevier Ltd, 243, p. 118508. https://doi.
org/10.1016/j.jclepro.2019.118508
Li, X., Zhang, H., Wei, J., Kong, Z., Zhao, Y., Liu, Y., Li,
C., Yang, B. & Qiao, Z. 2020, ‘Adsorptive nonwoven
with multi-3-dimensional structure for the adsorption of

Anu. Inst. Geociênc., 2022;45:44159

Vielmo et al.

VOCs’, Microporous and Mesoporous Materials, vol. 303,
no. November 2019, p. 110190. https://doi.org/10.1016/j.
micromeso.2020.110190
Liang, H.D., Han, D.M. & Yan, X.P. 2006, ‘Cigarette filter as
sorbent for on-line coupling of solid-phase extraction to
high-performance liquid chromatography for determination
of polycyclic aromatic hydrocarbons in water’, Journal of
Chromatography A, vol. 1103, no. 1, pp. 9–14. https://doi.
org/10.1016/j.chroma.2005.11.003
Lima, H.H.C., Maniezzo, R.S., Kupfer, V.L., Guilherme,
M.R., Moises, M.P., Arroyo, P.A. & Rinaldi, A.W, 2018,
‘Hydrochars based on cigarette butts as a recycled material
for the adsorption of pollutants’, Journal of Environmental
Chemical Engineering, vol. 6, no. 6, pp. 7054–61. https://
doi.org/10.1016/j.jece.2018.11.012
Liu, Y., Qu, R., Li, X., Wei, Y. & Feng, L. 2020, ‘Discarded
cigarette butts regenerated hydrophobic-oleophilic materials
for both immiscible and emulsified oil/water separation
through a wettability reversal strategy’, Applied Surface
Science, vol. 532, no. July, p. 147350. https://doi.org/10.1016/j.
apsusc.2020.147350
Manfredi, L.B. & Rodrı, E.S. 2006, ‘Thermal degradation and
fire resistance of unsaturated polyester , modified acrylic
resins and their composites with natural fibres’, Polymer
Degradation and Stability, vol. 91, pp. 255–61. https://doi.
org/10.1016/j.polymdegradstab.2005.05.003
Matsuura, T. 2001, ‘Progress in membrane scince and technology
for seawater desalination - A review’, Desalination, vol.
134, no. 1–3, pp. 47–54. https://doi.org/10.1016/S00119164(01)00114-X
Mehta, G., Drzal, L.T., Mohanty, A.K. & Misra, M. 2006, ‘Effect
of fiber surface treatment on the properties of biocomposites
from nonwoven industrial hemp fiber mats and unsaturated
polyester resin’, Journal of Applied Polymer Science, vol.
99, no. 3, pp. 1055–68. https://doi.org/10.1002/app.22620
Mendes, M.J.A. 2006, ‘Comportamento carga-alongamento
de geotêxteis não tecidos submetidos à tração confinada,
Dissertação de Mestrado, Universidade de Brasília, Brasil.
https://repositorio.unb.br/handle/10482/3317
Murugan, K., Suresh, U., Panneerselvam, C., Rajaganesh, R., Roni,
M., Aziz, A.T., Hwang, J.S., Sathishkumar, K., Rajasekar,
A., Kumar, S., Alarfaj, A.A., Higuchi, A. & Benelli, G.
2018, ‘Managing wastes as green resources: cigarette buttsynthesized pesticides are highly toxic to malaria vectors with
little impact on predatory copepods’, Environmental Science
and Pollution Research, vol. 25, no. 11, pp. 10456–70. https://
doi.org/10.1007/s11356-017-0074-3
Novotny, T.E., Costa V. L., Burt, L., Pujari, S., Tursan d’Espaignet,
E., Bialous, S.A., Liu Y., Curtis, C. & Iqtidar, S.U. 2015, ‘The
environmental and health impacts of tobacco agriculture,
cigarette manufacture and consumption’, Bulletin of the World
Health Organization, vol. 93, no. 12, pp. 877–80. https://doi.
org/10.2471/blt.15.152744
Nomura, T., Oobuchi, K., Yasuda, T. & Furukawa, S. 1993,
‘Humidity sensor using surface acoustic wave delay line
with hygroscopic dielectric film’, Japanese Journal of Applied
Physics, vol. 32, no. 9, pp. 4205–8. https://doi.org/10.1143/
jjap.32.4205
12

Nonwoven from cigarette butt applied in pre-treatment of surface water

Vielmo et al.

Palakkeel Veetil, D., Arriagada, E.C., Mulligan, C.N. & Bhat,
S. 2021, ‘Filtration for improving surface water quality of
a eutrophic lake’, Journal of Environmental Management,
vol. 279, no. May 2020, p. 111766. https://doi.org/10.1016/j.
jenvman.2020.111766
Patnaik, P.K., RanjanSwain, P.T., Mishra, S.K., Purohit, A. &
Biswas, S. 2020, ‘Materials Today : Proceedings Recent
developments on characterization of needle-punched
nonwoven fabric reinforced polymer composites – A review’,
Materials Today: Proceedings, vol. 26, parte 2, pp. 466-470.
https://doi.org/10.1016/j.matpr.2019.12.086
Pizzolatti, B.S. 2010, ‘Estudos de limpeza de filtro lento por
raspagem e retrolavagem’, Dissertação, Universidade
Federal de Santa Catarina, http://repositorio.ufsc.br/
handle/123456789/103288.
Puls, J., Wilson, S.A. & Hölter, D. 2011, ‘Degradation of Cellulose
Acetate-Based Materials: A Review’, Journal of Polymers
and the Environment, vol. 19, no. 1, pp. 152–65. https://doi.
org/10.1007/s10924-010-0258-0
Salem, V. 2010, Tingimento têxtil: fibras, conceitos e tecnologias.
São Paulo: São Paulo.
Santarini, F. & Bianchin L. 2017, ‘Reaproveitamento de rejeitos de
acetato de celulose para remoção de cor de efluente têxtil’, 57o
Congresso Brasileiro de Química, Gramado, 23-27 Outubro.
Senthil, K. & Punitha, V. 2017, ‘An Overview of Nonwoven
Product Development and Modelling of Their Properties’,
Journal of Textile Science & Engineering, vol. 07, no. 4.
https://doi.org/10.4172/2165-8064.1000310

Souza, F.H. 2015, ‘Tratamento de água para abastecimento por
meio de filtros lentos de fluxo ascendente com limpeza por
retrolavagem e descarga de fundo’, Dissertação, Universidade
Federal de Santa Catarina, Brasil. https://repositorio.ufsc.br/
xmlui/handle/123456789/135792
United States Environmental Protection Agency 2002,
EPA−821-R−02−012: Methods for Measuring the Acute
Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms, 5th edn, DC, Washington.
Vlasceanu, A.M., Olaru, O.T., Nitulescu, G.M. & Baconi,
D. 2015, ‘Evaluation of the toxicity of nicotine and its
metabolite cotinine on crustacean Daphnia magna’, Toxicology
Letters, vol. 238, no. 2, p. S329. https://doi.org/10.1016/j.
toxlet.2015.08.939
Wang, W., Wang, M., Huang, J., Li, X., Cai, L., Shi, S.Q., Cui, Y.,
Chen, L. & Ni, Y. 2020, ‘High efficiency pyrolysis of used
cigarette filters for ester-rich bio-oil through microwaveassisted heating’, Journal of Cleaner Production, vol. 257,
p. 120596. https://doi.org/10.1016/j.jclepro.2020.120596
Xiong, Q., Bai, Q., Li, C., Li, D., Miao, X., Shen, Y. & Uyama, H.
2019, ‘Nitrogen-doped hierarchical porous carbons from used
cigarette filters for supercapacitors’, Journal of the Taiwan
Institute of Chemical Engineers, vol. 95, pp. 315–23, Elsevier
BV. https://doi.org/10.1016/j.jtice.2018.07.019
Zhao, J., Zhang, N., Qu, C., Wu, X., Zhang, J. & Zhang, X. 2010,
‘Cigarette butts and their application in corrosion inhibition for
N80 steel at 90 °C in a hydrochloric acid solution’, Industrial
and Engineering Chemistry Research, vol. 49, no. 8, pp.
3986–91. https://pubs.acs.org/doi/full/10.1021/ie100168s

Author contributions
Ana Silvia de Lima Vielmo: conceptualization; formal analysis;
methodology; validation; writing-original draft; writing – review and
editing; visualization. Ailton Borges Rodrigues: methodology; validation.
Eduardo Volkart da Rosa: methodology. Dayane Gonzaga Domingos:
writing – original draft. Juliana Barden Schallemberger: writing –
original draft. Maria Eliza Nagel-Hassemer: supervision.

Editor-in-chief
Dr. Claudine Dereczynski
Associate Editor
Dr. Gerson Cardoso da Silva Jr.

Funding information
Not aplicable.
Conflict of interest
The authors declare no potential conflict of interest.
Data availability statement
Scripts and codes are available on request.

How to cite:
Vielmo, A.S.L., Rodrigues, A.B., Rosa, E.V., Domingos, D.G., Schallemberger, J.B. & Nagel-Hassemer, M.E. 2022, ‘Nonwoven from cigarette butt
applied in pre-treatment of surface water’, Anuário do Instituto de Geociências, 45:44159. https://doi.org/10.11137/1982-3908_45_44159

Anu. Inst. Geociênc., 2022;45:44159

13

