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• Butts are a social problem that generates
economic costs and environmental
problems.

• The inefficient collection of butts appears
to be the bottleneck for a real recycling.

• There is a poor environmental behaviour
of citizens on cigarette butts.

• Exploring butts damage in the oceans
is crucial to finding useful recycling
systems.

• Social marketing campaigns are necessary
to achieve effective awareness in society.
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The circular economy is based on themaximumuse of resources by reducing, reusing, and recycling the elements used.
Currently, the items littered most frequently in the world are cigarettes butts (CB) as these debris are freely dissemi-
nated in themarine habitat, they are generally difficult to collect and very complex to recycle. Litter CB is a great social
problem that generates excessive economic costs and serious environmental problems. CB is also not biodegradable
and highly toxic tomarine organisms and presents a distinctivemixture of physical and chemical contamination. How-
ever, little research has been done on the management and recycling of this dangerous waste. Several proposals have
beenmade to incorporate this waste into high-volume articles of direct production or recycling, but collection logistics
are lacking since the current system is inefficient, in addition to the poor environmental behaviour of citizens. This
work presents a current synthesis of the CB problem from all its possible aspects in order to have a global vision of
the life cycle of the CB, indicating both the known and the gaps in the knowledge of each of them, and intends to
give a general outline of the steps to follow to try to end such a worrying problem at the global level.
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1. Introduction

Today, the circular economy strategy is necessary to minimize climate
change and to try to achieve better environmental sustainability by
avoiding the continuous loss of biodiversity caused by increasing pollution
and other environmental pressures. This strategy, adopted by the European
Commission in March 2020, is one of the main milestones of the European
Green Deal (https://ec.europa.eu/info/strategy/priorities-2019-2024/
european-green-offer_es). The new mentality of industrial/commercial
models that address waste as a large-scale resource will be supported by
the principles of the EnvironmentalManagement Systemandwill adopt ini-
tiatives based on ‘R’ strategies (eg recycle, reuse, remanufacture, reorga-
nize, redesign, recover, reduce, etc.), also generating cost savings and
revenue growth and also helping to create new local jobs. Among the strat-
egies of the new circular economy in Europe, measures have been designed
tomitigatemarine litter and contamination on beaches. Currently, the item
littered most frequently in the world is cigarettes butts (CB). In 2016,
approximately 5.7 billion cigarettes were sold, of which 4.95 billion (equiv-
alent to>845,000 tons, Carlozo, 2008) were not properly disposed of in the
environment, because 75 % of smokers throw their CB on the ground even
in public spaces (Rahman et al., 2020). This waste is freely dispersed in the
environment, is non-biodegradable, contains 15,000 strands of fibres and
over 7000 toxic chemicals that are released into the marine environment
and cause serious ecological and economic concerns (Araújo and Costa,
2019a, 2019b; Novotny and Zhao, 1999; Torkashvand et al., 2020;
Soleimani et al., 2022) (Fig. 1).

Not only can these residues be found everywhere, but they are also very
expensive and difficult to collect, and the corresponding costs are not borne
by those who benefit financially from this product or by those who con-
sume it, but it is the responsibility of all citizens (Marinello et al., 2020)
(Fig. 1). Therefore, the generation of these discarded CBs constitutes an ex-
ample of a negative externality. An externality appears when the activity of
one or more economic agents affects people who do not participate in that
activity. Economists have shown that externalities lead to inefficient
resource allocations, and consequently government interventions can
be justified (Pindyck et al., 2013). Although the economic and environmen-
tal damage caused by CBs is indisputable, approaching this issue is not high
on the political plan of the European Economic Community. For example,
the European Waste List (https://leap.unep.org/countries/eu/national-
legislation/commission-decision-2014955eu-amending-decision-2000532ec-
list) does not consider CB as a specific item, but instead it is considered
‘Municipal waste including separately collected fraction/Separately collected
fraction/Other fractions not otherwise specified' (Rebischung et al., 2018).
More recently, Directive (EU) 2019/904 of the European Parliament and of
the Council (5 June 2019), regulates some aspects of CB as part of reducing
the impact of some plastic products on the marine environment; however, it
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establishes that separate collection of this harmful waste should not be man-
datory. Therefore, practical operational aspects are lacking, in particular at
the regulatory level with respect to CB but garbage in general, as current
laws are impractical to apply at the individual level and are unproductive in
avoiding garbage from being accumulated in the environment (Novotny
and Slaughter, 2014). Therefore, it is recommended that, in addition
to legislation, policymakers move toward more basic practices, such
as public education (Dobaradaran et al., 2019), and citizen awareness
through environmental public campaigns aimed at increasing envi-
ronmental awareness and promoting pro-environmental behaviour
(Soares et al., 2021) (Fig. 1).

Currently, it is a long way from being able to replace these useless and
harmful filters on the tobacco market. Since they first appeared in the
1850s, CBs, made from non-biodegradable cellulose acetate fibres, have
been an attempt to reduce the harm tobacco can cause to the smoker
(Harris, 2011; Pauly et al., 2002; Smith and Novotny, 2011). Although
there is still a general belief that CBs reduce inhaled toxins and thus reduce
the harm of smoking, they do not actually offer any health benefits and
even their breathed fibres increase the damage to the smoker (Novotny
et al., 2009; Pauly et al., 2002; Warner, 2002). Therefore, CBs present a
double problem: Not only do they not reduce health risks for smokers,
but they also accumulate in the environment, generating large amounts of
nonbiodegradable waste (Hoek et al., 2020). In the 21st century, new de-
vices have been manufactured for the market of nicotine products, such
as electronic cigarettes, and Heat-not-burn (HnB) devices, a tobacco rod
similar in design to conventional cigarettes, with a low-density cellulose
acetate filter, polymer, and paper (Schaller et al., 2016; Smith et al.,
2016). Due to this similarity between HnB and CB, the environmental im-
pact of the new device is not only negative for aquatic organisms (Baran
et al., 2020; Koutela et al., 2020) but may even be greater than CB, as the
tobacco rod keeps about 70 % of the nicotine and this toxicant is released,
when improperly disposed of, into the environment (Alberti et al., 2021).
Another alternative to common cellulose acetate filters has been filters
made from pure and fully biodegradable cellulose (Moroz et al., 2021);
however, these biodegradable filters would continue to leak dangerous
chemicals into the marine environment if they are disposed of in an inade-
quatemanner (Slaughter et al., 2011). In fact, the negative effect on the soil
bacterial community was even greater than that produced by nonbiode-
gradables (Koroleva et al., 2021), and significant toxic effects for marine
invertebrates have also been shown (Green et al., 2020). Furthermore, re-
placing these biodegradable filters could reinforce the belief in the general
public that CBs without plastic are less harmful, restoring and benefiting
only the tobacco industry by being a great marketing opportunity by mar-
keting them as a company with high social responsibility (Evans-Reeves
et al., 2021). Some tobacco companies considered removing the filters,
but since most smokers were so used to CB that they would not use them,
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Fig. 1. Different aspects to consider in the life cycle of cigarettes butts.
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they have deemed it commercially unfeasible (Novotny et al., 2009). There-
fore, despite being classified as the “deadliest fraud in the history of human
civilization” (Kennedy, 2012), no company has recalled the filters of the cig-
arettes it manufactures (Evans-Reeves et al., 2021), with almost a 90 %
presence in the global tobacco market (Pauly et al., 2002), leaving an im-
portant environmental problem unresolved (Hoek et al., 2020).

Finally, despite the large amount of CB produced in human communi-
ties, no large-scale management and recycling method for this hazardous
waste has been developed. (Marinello et al., 2020). Several ways of
recycling CB have recently been investigated (see, e.g., Moroz et al.,
2021; Torkashvand et al., 2020; Yousefi et al., 2021), recovering useful re-
sources from CBwaste (Kagawa et al., 2005; Koochaki et al., 2020; Kurmus
and Mohajerani, 2020; Luo et al., 2020; Zhang et al., 2020). But the most
urgent issue in the management and recycling of CB is inefficient collection
due to its dispersed location in the environment, small size, and difficult
segregation from the rest of the collected waste (Yousefi et al., 2021).
Until now, most countries have dumped them together with other garbage
in landfills and sometimes incinerated them, producing toxic fumes that se-
riously pollute the air (Al-Khatib et al., 2009; Novotny et al., 2011; Rahman
et al., 2020), which has led the World Health Organization to declare the
presence of CB in landfills dangerous (Rajesh, 2018, 2020). Therefore, it
is essential tofind effectivemanagement solutions for this waste, as conven-
tional disposal methods, landfilling, or incineration are not ecological or
economically viable for this purpose (Bandi et al., 2018; Mohajerani
et al., 2016) (Fig. 1).
3

In short, the problem of CB is very complex, since it has a social, eco-
nomic, environmental, and technological component that, although they
have been addressed independently in recent bibliographic reviews
(i.e., Chaudhary et al., 2021; Green et al., 2021, 2022; Moroz et al., 2021;
Wang et al., 2021; Yousefi et al., 2021), have not been treated together.
This work presents a current synthesis of the CB problem from all its possible
aspects in order to have a global vision of the life cycle of the CB, indicating
both the known and the gaps in the knowledge of each of them. In addition,
this work intends to give a general outline of the steps to follow to try to end
such a worrying problem at the global level.

2. The unrecognised problem of CB to the environment

The CBs ranked first in abundance in garbage collected annually on
beaches around the world (Ocean Conservancy, 2021), achieving values
of up to 40 % of the total marine debris collected (Blickley et al., 2016;
Hidalgo-Ruz et al., 2018). During all types of cleaning activities around
the world, CBs are the most thrown garbage items on the planet, which
makes them, due to their environmental and ecological damage, one of
the most important and worrisome wastes worldwide (Bonanomi et al.,
2020; Cardoso et al., 2018; Desideri et al., 2019; Green et al., 2019;
Torkashvand and Farzadkia, 2019; Torkashvand et al., 2020). Being diffi-
cult to collect as litter (Ariza et al., 2008; Cruz et al., 2020; Piccardo
et al., 2021; Mouat et al., 2010; Slaughter et al., 2011), and not biodegrad-
able, CB remains in the environment even after cleaning by local authorities
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and/or organized garbage collection events (Loizidou et al., 2018). Al-
though several investigations have shown a greater accumulation of CBs
in certain places in cities, such as the areas around store centres, parks,
bar terraces, restaurants (Green et al., 2014), CB concentration is even
higher in public beaches (Taffs and Cullen, 2005). Additionally, on beaches,
due to irregular and inefficient cleanup programs and cleanup crews, CBs
persist longer than those shed in urban settings (Torkashvand et al., 2020;
Gholami et al., 2020), allowingmore pollutants to leach into themarine en-
vironment (Farzadkia et al., 2022).

CBs also occupy the first place on the list of the 10 items collected most
frequently during voluntary beach cleanings both in the world (Ocean
Conservancy, 2020) and in Spain (https://proyectolibera.org/). Recent sci-
entific works corroborate this result on the Spanish coasts (Martinez-Ribes
et al., 2007; Munari et al., 2016; Asensio-Montesinos et al., 2019a, 2019b,
2020, 2021). CBs also rank first for the most common litter (~29 %) float-
ing in marinas and harbours (https://seabinproject.com/, PlasticsEurope,
2019). Once entrained in the water, CBs drift on the water surface for a
short period of time, after which they sink to the seabed (Rech et al.,
2014), potentially being washed inshore or offshore via waves or currents.
(Román et al., 2014). CB was also the second most common plastic item
(5.14 %) found on the Mediterranean seabed (<30 m below depth)
(Consoli et al., 2020), confirming once again the high abundance of CB in
this sea (Alshawafi et al., 2017; Asensio-Montesinos et al., 2019a, 2019b;
Mghili et al., 2020; Munari et al., 2016; Vlachogianni et al., 2020).

The factors that contribute to the transport and presence of CB in seawa-
ter are natural (prevailingwind, currents, rivers), as inadequately discarded
urban CB are washed away by rain, urban runoff and flooding into aquatic
environments (Araújo and Costa, 2019a, 2021; Asensio-Montesinos et al.,
2019a; Dobaradaran et al., 2019, 2021a, 2021b; Montalvão et al., 2019)
and anthropic, such as the relaxed behaviour of smokers on the beach or
in nearby spaces, the concentration and closeness of the beach to urban cen-
tres with a high population, and the frequency and effectiveness of cleaning
public services (Martinez-Ribes et al., 2007; Rangel-Buitrago et al., 2020).
Estimates of the contribution of human activity to beach litter vary from
49 % (Prevenios et al., 2018) to 80 % (Lee, 2015; UNEP, 2009, 2011),
which is important in some environments such as the Moroccan Mediterra-
nean, the Atlantic coast of Cádiz (Spain) or some beaches on the Levantine
coast, where the tides are more evident (Alshawafi et al., 2017; Asensio-
Montesinos et al., 2020; Mghili et al., 2020; Nachite et al., 2019;
Slaughter et al., 2011).

Obviously, the impact they cause in urban environments cannot also be
underestimated, although they have been less studied than in beaches and
recreational areas worldwide. (Gholami et al., 2020). In this sense, more re-
search programs are necessary to establish clear relationships between
littered CBs with land usage types and/or urban population densities levels
(Ribeiro et al., 2022). Assessment monitoring programs based on compara-
ble data such as the Cigarette Butts Pollution Index (CBPI), proposed by
Torkashvand et al. (2021), which estimates the potential pollutants leakage
from CBs to the soil, may be a good research line in the future.
3. Why are CBs so dangerous to the environment?

Although the impact of tobacco on human health is well known, the
ecological impacts derived from the indiscriminate elimination of CB re-
main uncertain (Caridi et al., 2020). CB has been classified as dangerous ac-
cording to European conventions (Rebischung et al., 2018). In fact, CBs are
a unique type of waste since they cause double contamination: physical and
chemical (Dobaradaran et al., 2021b). Physical because different marine
species (fish, turtles, whales) can ingest them, whole or part of them, acci-
dentally while feeding (Macedo et al., 2011; Santos et al., 2005; Compa
et al., 2018), and it is also a potential source of microplastics by breaking
them down into microfibers. Chemical, because >7000 toxic substances
can leach into the environment, many of which are very dangerous to any
living organism (Cardoso et al., 2018; Chevalier et al., 2018; Dobaradaran
et al., 2019, 2020, 2022; Koutela et al., 2020; Soleimani et al., 2022).
4

3.1. CB are a relevant source of microplastic fibres

The material that makes up 90 % of the CBs is a synthetic polymer
derived from cellulose achieved through acetylation and the addition of
plasticizer compounds. Due to this composition, CBs are included among
plastic items in most publications that study marine debris around the
world; although recently some authors considered them an isolated cate-
gory, mainly because of their abundance (Araújo and Costa, 2021). Of the
average 8 million tons of plastics released into the marine environment
annually (Jambeck et al., 2015), between 0.3 and 0.8 million tons corre-
spond to CB (Belzagui et al., 2021). CB sheds about 100 small microfibers
(<0.2 mm) daily (Belzagui et al., 2021) from the >15,000 fiber strands it
contains, and that behaviour can remain for up to 30 years (Piccardo
et al., 2021) as they are non-biodegradable (<15 % annual weight loss;
Gerritse et al., 2020) and have a very low decomposition rate in seawater
(Bonanomi et al., 2020; Ariza et al., 2008). Some environmental conditions,
such as exposure to sunlight, high temperatures, or UV radiation, cause
slow degradation and fragmentation of CBs. Specifically, photooxidation
would be the main mechanism of CB degradation on beaches, with lower
degradation rates in water (GESAMP, 2015). Regardless of whether
unsmoked or smoked, CBs can break down and persist as plastic micro- or
nanofibers (Chevalier et al., 2018; Belzagui et al., 2021) that are potentially
very harmful to the flora and fauna of terrestrial (Green et al., 2019; Lawal
and Ologundudu, 2013) and aquatic ecosystems (Slaughter et al., 2011).

3.2. CB adsorption and desorption behaviour

Although unsmoked CBs are dangerous to the environment, once
smoked, the risk is much higher, since when they make contact with
water, several inorganic and organic compounds (Akhbarizadeh et al.,
2021; Cardoso et al., 2018; Chevalier et al., 2018; Dobaradaran et al.,
2017, 2018, 2019, 2020, 2021a, 2021b, 2022; Koutela et al., 2020;
Moerman and Potts, 2011; Moriwaki et al., 2009) are leached and become
bioavailable to aquatic life. Approximately 7000 chemical substances can
be leaked from CB, of which 200 (44 in large quantities) have the potential
to be carcinogenic ormutagenic and therefore highly toxic (Slaughter et al.,
2011; Lima et al., 2021; Soleimani et al., 2022). Some of these substances
are nicotine and its derivatives, heavy metals, polycyclic aromatic hydro-
carbons (PAH), and benzene, toluene, ethylbenzene, and xylene (BTEX).
Given the complexity and number of toxic substances present in CB, it is
very difficult to determine the leakage ability and bioavailability of each
of these contaminants (Green et al., 2014). Some of these toxic substances
of CB have rapid and immediate release in natural waters, while others
have a slower and more gradual release (Akhbarizadeh et al., 2021;
Dobaradaran et al., 2020, 2021a, 2021b, 2022; Green et al., 2014).

Nicotine readily leaches out of the CBs into water after only one day
(50 % already released in just 27 min; Green et al., 2014) and is transferred
to the sediment within 5 days, where it persists for at least 60 days (King
et al., 2021). In contrast, PAHs from CB contaminate water in the long
term, with a highly harmful bioavailability (Dobaradaran et al., 2019),
reaching concentrations that exceed the standards of both theWater Frame-
work Directive (WFD) and the existing quality guidelines for drinking
water, but do not easily transfer from CB to sediments in aquatic medium
(King et al., 2021). An estimated amount of 4.96 tons of ΣPAH are released
annually into the environment worldwide from CB, naphthalene (4.2 tons)
and acenaphthene (0.88 tons) (Dobaradaran et al., 2019). Finally, the rate
of CB heavy metal leakage to the environment increases with increasing
persistent time (up to 9.7 %) and humidity in the environment (up to
17.1 %) (Farzadkia et al., 2022) with Ni, Pb, Ti, and Zn released from the
first day of exposure to the environment (Moerman and Potts, 2011).
Generally, the highest released concentration is Zn and the lowest is Cd.
According to Farzadkia et al. (2022), CB can release a range of 147.5 kg
and 57.3 kg of heavy metals into the environment every year.

However, the desorption of toxins in the marine environment is not the
only mechanism that occurs between the CB and the surrounding environ-
ment, since the CB can adsorb toxins from the marine environment, acting

https://proyectolibera.org/
https://seabinproject.com/
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as an important vector of dangerous pollutants and contaminating other
more remote marine environments. There is currently no doubt that CBs
become toxic-enriched after being weathered in different marine environ-
ments (see, e.g., Acosta-Coley et al., 2019; Santos-Echeandía et al., 2020).
Dobaradaran et al. (2017) stated that metal levels nearly doubled their
original concentration after 10 days in the sea. If, in addition, this marine
environment were contaminated, such as a port, the concentrations of
these heavy metals, except Cr, could increase up to 200 times their original
concentrations after 85 days of permanence (Santos-Echeandía et al.,
2021). The absorption kinetics is slower than the desorption kinetics and
is correlated with the state of degradation of the CB; the more degraded it
is, the greater the absorption (Santos-Echeandía et al., 2021). Indeed, as cel-
lulose acetate degrades, the specific surface area and porosity increase,
which in turn are related to an increase in polarity and in the potential func-
tional groups to which heavy metals can bind (Nguyen et al., 2017; Wang
et al., 2014). Therefore, an important aspect is to know the state of degra-
dation of CBs when they enter seawater, an aspect that has beenwidely for-
gotten in the studies carried out so far to estimate the toxicity of CB.
Furthermore, the longer the CBs are exposed to the medium, the greater
the amount of fouling (Ashton et al., 2010; Holmes et al., 2012) or sur-
face organic matter (Artham et al., 2009), which also increases the
potential binding sites with heavy metals that are in seawater. These
CBs contaminated with this diversity of pollutants can be accidentally
consumed by different marine animals and transferred through the
food chain (Green et al., 2022).

3.3. CBs leachate is toxic to aquatic organisms

Although the toxicity of CBs on the biota in aquatic and terrestrial hab-
itats, from microbes to mice, has been studied, the range of organisms and
habitats tested is small (Castaldi et al., 2021). It is currently known that CBs
can affect the growth, behaviour, and reproductive performance of organ-
isms in all three habitats, with the effects on epicontinental organisms
being themost studied. In this habitat there are scientifically relevant exam-
ples that show toxic effects on their organisms in terms of physiological
responses and behaviour; while there are few examples in marine organ-
isms, although it seems that the general effect associated with BC leachates
in this environment is stronger than those occurring in freshwater (Oliva
et al., 2021). CBs adversely affect marine wildlife either through smoke de-
bris entanglement and direct ingestion (Derraik, 2002; Wilcox et al., 2016)
or through ingestion of contaminated microplastics released by CBs
(Rochman et al., 2013) that can even be harmful to humans who consume
these organisms (Van Cauwenberghe and Janssen, 2014).

Marine studies include works on bacteria (King et al., 2021; Quéméneur
et al., 2020; Micevska et al., 2006), diatoms (Phaeodactylum tricornutum,
Dunaliella tertiolecta, Oliva et al., 2021), foraminifera (Rosalina globularis,
Quinqueloculina spp.,Textularia agglutinans, Caridi et al., 2020); algae
(Phaeodactylum tricornutum, Piccardo et al., 2021), macroalgae (Ulva
lactuca, Green et al., 2021), molluscs (gastropoda Austrocochlea porcata,
Nerita atramentosa, Bembicium nanum, Booth et al., 2015) and bivalves
Mytilus edulis (Green et al., 2021; oysters, Santos-Echeandía et al., 2021);
crustaceans (Artemia nauplii, de Souza Abessa et al., 2021, Acartia tonsa
Oliva et al., 2021; other copepods Green et al., 2021; Lima et al., 2021),
worms (Hediste diversicolor, Wright et al., 2015, Ficopomatus enigmaticus,
Oliva et al., 2021), echinoderms (Paracentrotus lividus, Piccardo et al.,
2021), and fish (Atherinops affinis, Slaughter et al., 2011). However, the
results are heterogeneous due to the CB collections (fresh or old), exposure
time (usually very short 24–96 h), CB types and brands, endpoints exam-
ined, leachate concentration, and species investigated. Most studies
(~80%) have used CB leachate, in contrast to the more environmentally
realistic scenario of total CB (Green et al., 2021). Furthermore, most of
these experiments were carried out using leached CB without consider-
ing the kinetic desorption of CB, except for Santos-Echeandía et al.
(2021) nor the open system that constitutes the marine environment,
except for Green et al. (2022) with flow and, therefore, continuous
replacement of water. Few studies have examined the larger ecological
5

impacts of CB on population levels or species diversity, no studies have
been performed in situ or on the functioning of the ecosystem, and only
a few develop in marine sediments, the most certain final destination of
CBs. In fact, the permanence of CB in different marine environments,
such as the surface, the water column, or sediments, will play a deter-
mining role in the toxicity of their pollutants in marine organisms
(Lima et al., 2021). CBs initially floated in the water for a variable pe-
riod (3–20 days) before sinking (Rangel-Buitrago et al., 2020; Lima
et al., 2021). This variability in buoyancy depends on the density and sa-
linity of the water (Nuelle et al., 2014), with the porosity of the paper
and the cellulose acetate fibres playing an important role, as they affect
the permeability to water (Hoffmann, 1997). For all these reasons, two
important aspects must be taken into account when determining the
toxicity of CB in marine biota: the buoyancy of BCs and their transit
through the different water compartments (surface, water column, and
bottom) since the release of chemical compounds varies over time
(Lima et al., 2021), and the level of CB degradation related to its desorp-
tion kinetics. It is also urgent that the benthic system is studied in much
more detail, since it is a key compartment for the ecotoxicological eval-
uation of CB.

4. Improperly discarded CBS are very expensive

The density of CB on the beach can be considered as an indicator of the
pollution caused by its users (Araújo et al., 2018; Schernewski et al., 2018)
or more specifically of the environmental awareness of national or interna-
tional tourism and of the efficiency of public regulation, legal or cleaning
(Balčiūnas and Blažauskas, 2014). The frequency of beach cleaning is
very important for tourism since visitors are especially interested in coastal
tourism, therefore beaches are a key factor in this market (Houston, 2013;
Klein et al., 2004). In 2019, there was a global increase in international
tourist arrivals of 4 % (1.5 billion people), an increase that is also expected
for 2020, despite current health uncertainties (UNWTO, 2019). This con-
firms not only that tourism is one of the world's leading lucrative industries
(UNWTO, 2020), but also that it is a resilient economic sector. This is espe-
cially true in coastal countries with a temperate climate, such as Spain, the
secondmost visited tourist destination in the world (that is, with 83million
tourist arrivals generating US$73 billion in 2018, UNWTO, 2019). The
quality and cleanliness of the beach remain key decision-making factors
in the choice of a coastal destination by visitors (Nelson and Botterill,
2002; Tudor and Williams, 2006). Thus, the aesthetic value of the coastal
scenery (Rolston, 1981) drives the tourism economy. Therefore, it is of
great concern that up to 97 % of the economic value of a beach may be
lost due to pollution (Ballance et al., 2000; Krelling et al., 2017; Ogi and
Fukumoto, 2000) as tourists reduce up to 60 % their stay on the beach if
it is dirty (Esparon et al., 2015), in addition to notably reducing their satis-
faction (Roehl and Ditton, 1993), so they would surely not return to that
place for vacation. Furthermore, the double accumulation of litter on a
beach could reduce the perception of quality of life by local residents by
up to 90 % (Stoeckl et al., 2014). The great increase in the summer popula-
tion in coastal tourism destinations causes various difficult-to-manage
problems, such as the increase in litter on the beaches. In fact, the number
of CB deposited on beaches during summer (tourist season) can double
compared to other seasons (Addamo et al., 2017; Asensio-Montesinos
et al., 2019b; Martinez-Ribes et al., 2007).

Beach cleaning operations are not only mandatory but also costly as
they are the main tool to ensure that beaches remain free of litter. This
expenditure, which is generally large, is covered by public funds to the det-
riment of other important public services (that is, pensions, science, health,
education) (Araújo and Costa, 2019b). Estimates of the cost of beach
cleaning range from € 13,000 to € 80,000 per km of coastline (Changing
Markets Foundation, www.ChangingMarkets.org). In the United
Kingdom, approximately $8 million per year is spent on beach clean-
ups, while in the Netherlands and Belgium the cost is higher, at about
$10.4 million per year (Mouat et al., 2010). In Spain, cleaning beaches
in coastal cities with a lot of tourism, such as Barcelona, costs € 9

http://www.ChangingMarkets.org
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million per year (Salvador et al., 2017), while the amount invested in
Cádiz was €120,000–780,000 per season (Cruz et al., 2020). Moreover,
the Danish association KIMO presented a report with some economic
costs derived from the management of marine litter in European coun-
tries, and some figures were really high: for example, the volunteer
groups that clean beaches in England have a cost of 98,000 € per
year; the cost of repairing boats and cleaning propellers imply a cost be-
tween 11 and 13 million € per year in Scotland; also, Spain is the
European country with the highest economic cost in order to clean ma-
rinas and harbours (60,000 €/year for each commercial harbour and
15,000 €/year for each marina) (KIMO, 2010).

CB littering not only reduces the tourist attraction and impliesmore cost
of cleaning (Araújo and Costa, 2019a, 2019b; Ballance et al., 2000; Cruz
et al., 2020; Krelling et al., 2017, Ogi and Fukumoto, 2000), but also yields
infrequent but costly problems (Beutel et al., 2021). For example, when
they contribute to plug drains due to accumulation or cause a fire because
they are not properly extinguished. Inadequate disposal of CB causes an in-
creased risk of forest and building fires; for example, in the United States
there are 130,000 fires a year due to this waste, which generates a cost of
more than $2 billion for its extinction and $6 billion in property damage,
not counting environmental damage. (Leistikow et al., 2000). Other costs
take the form of policy interventions in order to reduce CB littering such
as the money spend in making laws by public institutions, enforcing the
laws (Schneider et al., 2020), buying trash cans, ashtray or receptacles in
order to provide a place to deposit the butters or transporting the garbage,
manage dumps, bear water treatments, etc. These activities also involve the
use of many trucks and other machinery that pollute the environment.
Other costs come in the form of degradation of environmental quality,
which, in turn, will imply higher economic costs (see Beutel et al., 2021).
Thus, the toxic substances released by CB will have impacts on the food
web, reducing the volume of fishing and other activities. In relation to
this point, it is believed that a single butt can affect the quality of up to
1000 l of water (Schneider et al., 2011). Some authors propose that the ef-
fects on ecosystems could have economic costs that approximately repre-
sent 50 % of the direct costs that are more directly measured (Schneider
et al., 2020). In addition to pollution problems, there is a less serious prob-
lem, such as visual impact. In this sense, even for people who do not suffer
an economic impact such as lower sales in their businesses, they may expe-
rience a disutility or unpleasant feeling from seeing dirty streets and
beaches (Rezero, 2020). To end with the impacts of improper disposal of
CB, it should be mentioned that there have been documented cases of hav-
ing to go to the emergency room due to ingestion of CB (Novotny et al.,
2011). Finally, it is also important to know that even CB that are properly
disposed of in the trash or ashtrays carry significant environmental costs.
Thus, CB in dumps can generate toxic leachate and emit a lot of smoke
and toxic substances when burned (Kurmus and Mohajerani, 2020).

Recent work recommends involving beachgoers through volunteering
to efficiently raise their awareness to stop littering and reduce beach
clean-up costs (Rayón-Viña et al., 2018). Other authors are committed to
improving the beach cleaning and collection system, adapting to its charac-
teristics to reduce the abundance of CB (Asensio-Montesinos et al., 2021;
Cruz et al., 2020). However, these improvements in the collection system
may hide a possible undesirable effect: smokers can relax and increase
the abundance of CB dumped on beaches, as their residues will persist in
the sand for a short time (Rasool et al., 2021). Therefore, these clean-up ac-
tions, although necessary, only provide a temporary solution since, in order
to really solve the problem, the authorities must concentrate on tackling its
source: users.

5. An automatic bad social habit: littering CB on the environment

CBs are the most automatic environmental release litter (Soares et al.,
2021), and this passive litter is not only more resistant to social change
than active litter, but it is also less conspicuous in the sense that it is less
likely to have negative social repercussions (Sibley and Liu, 2003).Most cit-
izens, smokers and non-smokers, recognize the habit of CB littering in the
6

environment as an uncensurable norm (Dehdari, 2020; Falsone and
Spence, 2017; Patel et al., 2013). Other factors favouring the prevalence
of this bad habit are the lack of awareness of whether CB is a litter or not
(Green et al., 2022; Xu et al., 2019), of bins or that they are too far
(Loizidou et al., 2018), the small size of CB and its unpleasant smell
(Dehdari, 2020; Silvera et al., 2002) and poor law enforcement regarding
littering (Araújo and Costa, 2019b). Smoker characteristics such as lack of
personal responsibility or lack of ‘a conscious effort’ (Stigler-Granados
et al., 2019) or concern for proper disposal of CB, and laziness in finding
trash (Dehdari, 2020; Hoek et al., 2020), can also influence littering.
Another widely cited excuse for littering is the presence of pre-existing CB
litter (Castaldi et al., 2021; Taylor et al., 2007; Falsone and Spence,
2017); however, more information on the feelings and beliefs of smokers
that generate or strengthen the CB littering behaviour of each country is
required to develop effective strategies for the elimination or considerable
reduction of this very harmful litter (Green et al., 2014; Patel et al., 2013;
Rath et al., 2012).

Both making it easier for citizens to dispose of CBs correctly through
mobile ashtrays on beaches and the use of traditional policy instruments,
such as prohibitions and economic sanctions, had a modest impact on the
reduction of discarded CBs (Castaldi et al., 2021; Currie and Stack, 2021).
Just as indoor smoking restrictions had unintended consequences, such as
a higher concentration of smokers in outdoor areas (Kaufman et al.,
2010), implementing full or partial smoking bans on beaches may have
small or negative consequences. For example, smokers may choose
smoking-friendly beaches because they are more attractive (Kataržytė
et al., 2020), and they will likely continue to smoke stubbornly on smoke-
free beaches in hidden or isolated areas, as it currently is the case of indoor
areas or in children's playgrounds (Mohmad and Ismail, 2021). Further-
more, if laws prohibiting smoking on beaches are implemented, it would
be a partial solution, since CB would continue to reach the sea through riv-
ers and drains (Asensio-Montesinos et al., 2019b). To change people's bad
habit of throwing CB into the environment, political and environmental
regulations must be designed according to the personal motivations of
smokers and the possible role that incentives, whether economic or not,
have in making changes in these motivations (Castaldi et al., 2021). Since
environmental problems are fundamentally caused by people's environ-
mental conduct, the main focus of recent research has generally been on
identifying indicators or predictors of environmental conduct. These stud-
ies have shown that environmental behaviour is determined, at least in
part, by attitudes (Coertjens et al., 2010). Therefore, significant associations
have been found between attitude, perceived behavioural control, and tour-
ist preparation and their intention to engage in pro-environmental conducts
of not littering the ground (Ng and Cheng, 2022). In fact, the twomost stud-
ied theories in research on the attitude-behaviour relationship are reasoned
action and planned behaviour (Ajzen, 2011; Ajzen and Fishbein, 1975).
These theories based on the fact that human behaviours derive from deci-
sions made after a rational process affected, among other factors, by atti-
tudes, try to understand as well as predict individual behaviour within a
context. Therefore, for example, the general attitude or environmental con-
cern is a crucial factor in understanding waste-related manners
(Miafodzyeva and Brandt, 2013; Escario et al., 2020). Perceived efficacy
or perceived consumer efficacy defined as “the extent to which the consumer
believes that the efforts of an individual acting alone can make a difference”
(Ellen et al., 1991) is a key factor in each of the stages of the decision-
making process in those ecofriendly behaviour consumers (Straughan and
Roberts, 1999). But this perceived efficacy is particularly important in
those problemswhose solution can only be reached if many individuals col-
laborate, such as the uncivil conduct of consumers with respect to waste
(Steg and De Groot, 2010). In fact, if the group does not behave like the in-
dividual, the individual may perceive their behaviour as ineffective
(Cialdini et al., 1990) and even damaging to their reputation, allowing
themselves to be dragged down by collective behaviour (Steg, 2015).
Therefore, the effectiveness of pro-environmental conducts depends on
both the behaviour of individuals and the group (Kim and Choi, 2005). It
is vital to provide a deeper understanding of how the environmental
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attitude and perceived effectiveness affect citizen behaviours on the issue
specifically related to the generated CB waste and whether there are signif-
icant differences between informed/uninformed citizens of the possible en-
vironmental and socioeconomic damage caused by such waste.

6. Recycling CBS: technology is nearly ready

To reduce the impact of CB pollution, an effective and practical
recycling strategy is needed that is both environmentally friendly and gen-
erates useful, non-harmful new products through healthy, pollution-free
processes. This creation of value for discarded CB not only plays a vital
role in reducing the poor disposal of this item by preventing environmental
and economic impact, but is also critical in contributing to an effective cir-
cular economy (Moroz et al., 2021). The urgent need to recycle this hazard-
ous waste is reflected in the large number of recent publications
investigating different possible recycling methods for littered CB. In fact,
in the last three years several bibliographic reviews have been carried out
on the possible recovery of this waste, in which both the viability and sus-
tainability of the recyclingmethods studied, as well as their limitations and
challenges, are discussed (ie, Kurmus and Mohajerani, 2020; Marinello
et al., 2020; Moroz et al., 2021; Torkashvand and Farzadkia, 2019; Wang
et al., 2021; Yousefi et al., 2021). Torkashvand and Farzadkia (2019) clas-
sified CB recycling and reuse methods according to the part of this garbage
used (all CB, the chemicals trapped in its filters, or the cellulose acetate it
contained). On the other hand, Marinello et al. (2020) classified them ac-
cording to the industry in which by-products derived from CBs were to be
used or exploited. Kurmus and Mohajerani (2020), and Wang et al.
(2021) reviewed eleven proposals for CB recycling methods, while Moroz
Fig. 2. Possible uses of CB recyclin
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et al. (2021) considered eleven different applications of recycled CB and
provided a detailed list of proposed recycling studies proposed for CBman-
agement. Finally, the different products obtained by recycled CB were in-
cluded in nine categories according to Yousefi et al. (2021).

Most CB recycling methods produce solid materials used in various in-
dustrial sectors, such as those related to construction, energy and environ-
ment, and chemistry (Fig. 2). The CB's recycling solutions for use in the
construction and infrastructure industries are as a piece in the produc-
tion of fired bricks, of asphalt for streets, as precast concrete paving, as an
acoustic insulation material (Marinello et al., 2020; Morales-Segura et al.,
2020; Rahman and Mohajerani, 2021; Tataranni and Sangiorgi, 2021)
and more recently, the environmentally friendly ceramic tiles (Maciel
et al., 2020). Furthermore, it has recently been shown that leaching of con-
taminant from encapsulated CB to produce construction material was neg-
ligible (Mohajerani et al., 2021) and a new chemical treatment was
identified to clean the discarded CB before recycling it as acoustic material
(Gómez Escobar et al., 2021). CB has also been successfully recycled for en-
ergy purposes, especially for the creation of new devices with high effi-
ciency to store clean energy and nanomaterials (Wang et al., 2021). For
example, Lyu et al., 2021 deacetylated recycled CB into cellulose filters
for use as templates in the preparation of inorganic oxide fibres (titanium
dioxide, TiO2 and silicon dioxide, SiO2). Of particular interest is the synthe-
sis of carbon derived from this litter to obtain electrodes for capacitive de-
ionization of water (Yang et al., 2021) given the current high global
demand for water resources. More recently, Hazbehiean et al. (2022) pro-
vided a brief review of CB and the pyrolysis method to recycle it into sus-
tainable energy. In the field of environmental engineering, CB recycling
by-products are mainly applied in water and sewage treatment following
g in various industrial sectors.
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the idea of “cleaning the environment by recycling waste”. Some examples are
oil/water separation, removal of phosphates and organic matter,
diclofenac, lead (Kurmus and Mohajerani, 2020; Huang et al., 2022),
heavy metals (Zhang et al., 2021a), tobacco-specific carcinogens (Zhang
et al., 2021b) and antibiotics (Wang et al., 2022). Another use of recycled
CB is to turn its cellulose acetate into hot melt adhesives to solve environ-
mental problems caused by waste from petroleum derivatives (Kim et al.,
2021). Some CB extracts have been applied in themetallurgical industry
as a corrosion inhibitor agent in steelmaterials and in agriculture for insect
control (Marinello et al., 2020). A novel and promising recycling of cellu-
lose acetate from CB filters has recently been investigated as an efficient
soilless substrate for ornamental plant cultivation (Mariotti et al., 2022).
Levulinic acid (LA), one of the intermediate products that is of great
use in the chemical industry, as it is widely used in the agricultural,
pharmaceutical, and cosmetic sectors, can be obtained by thermal
hydrolysis of CB (Laurenza et al., 2021). LA also contributes to the
creation of other “green” products, such as new fuels, biodegradable
plastics, organic fertilizers, and pesticides. CB-derived nanocrystalline
cellulose can be used in the medical industry as composites for
biomedical purposes (Ogundare et al., 2017), and CB-derived cellulose
pulp can be used in the paper industry (Teixeira et al., 2017). Applica-
tions linked to chemical adsorption, energy production, and nanomate-
rial formation achieve final waste, but incorporating these wastes into
civil construction is certainly remarkable given the substantial amount
of CB that would be recycled (Moroz et al., 2021).

Considering the variety of possibilities investigated to recycle CB, it is
possible to foresee a future in which CB discharges into the environment
are minimized (Moroz et al., 2021), but this future is still distant. Despite
great efforts in recent years, a sustainable approach to CB waste disposal
has not yet been established (Maciel et al., 2020). Therefore, there is still
a need to continue to search for and develop new applications to transform
CB from unwanted persistent garbage into desirable and valuable raw ma-
terial. Additionally, there are several important challenges to the recycling
of these harmful wastes, such as technical and managerial problems in CB
recycling, problems arising from the toxic nature of the discarded CB; the
lack of large-scale testing or experimental application, the economic sus-
tainability and legislative barriers that this process would entail, and the
limitations of the goods produced (Kurmus and Mohajerani, 2020
Marinello et al., 2020,Wang et al., 2021 Yousefi et al., 2021). But the logis-
tics associated with collecting CB is the most critical part of the manage-
ment process and creates a huge risk that any product developed from
recycled CB will be not only inefficient but also economically unviable
(Marinello et al., 2020). The great dispersion of CB in the environment
and, therefore, its costly and inefficient collection, is due to the behaviour
of smokers (Soares et al., 2021). Behaviour that must be urgently modified
to allow for a correct and prosperous recycling of CBs (Yousefi et al., 2021).

7. The possible solution to the bottleneck of CB management: change
in citizens' sustainable behaviour

Although several investigations have contributed to a better under-
standing of CB littering behaviour, most have provided only limited in-
formation and utility to reduce CB litter (see Rasool et al., 2021).
However, achieving a change in the behaviour of citizens so that they
stop littering the environment according to the circular economy strat-
egy should be the goal of all European governments (European Green
Deal, 2019). In the case of CB, it is essential to continue researching
the effects they have both on the environment and on their organisms.
In fact, the knowledge generated by science is an essential starting
point for generating awareness strategies and sustainable behaviour
changes in current and future populations, in order to preserve the
planet and its biodiversity. To raise awareness and implement more re-
sponsible behaviours in young people, educational programs that ad-
dress these environmental issues have been increased in schools and
many universities in some countries. (Dalu et al., 2020; Hartley et al.,
2018). However, it is necessary to go further, awareness-based
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approaches tend to have problems converting transmission of knowl-
edge into sustainable behaviours of citizens (French and Gordon,
2015; Hastings and Domegan, 2017), which are essential in environ-
mental issues, and therefore marketing as a generator and facilitator
of value exchanges can play a fundamental role. Specifically, “marketing
is the activity, set of institutions, and processes to create, communicate,
deliver, and exchange offers that have value for customers, partners, and
society in general” (AmericanMarketing Association, 2007). But research
that uses social marketing techniques to reduce waste is not only scarce
(see the review by Chaudhary et al., 2021), but many times the tech-
niques are misapplied (Al-Mosa et al., 2017).

Social marketing works on value-added proposals of behaviours, con-
sidered prosocial, including those that have to do with caring for the envi-
ronment (Gordon and Gurrieri, 2014) and that take as products those
behaviours that are intended to be permanently consolidated in citizenship
as is the case of not throwing CB. Of course, the citizenry must have some-
thing in return for establishing pro-environmental behaviours, something
that comes from the scientific research about the effects of CBs on the envi-
ronment and the population. Duane (2012) adapted the concept of relation-
ship marketing, a deal to promote long-term satisfactory relationships
between two parts when exchanges take place, to social marketing based
on Morgan and Hunt (1994). In this way, two relational constructs are
established in the management of exchanges: trust, the perceived willing-
ness and security of depending on the parties interested in the exchange,
and commitment (Duane, 2012). Regarding these value-added proposals,
in marketing, value is established as trade-off of benefits and sacrifices
that citizens perceive from the products offered to them (Zeithaml, 1988).
In particular, depending on whether the product is tangible, exchange
value is established (Sweeney and Soutar, 2001; Lusch and Vargo, 2006);
if what is offered are services, it is called experience value (Sandström
et al., 2008) and if it is about behaviours, as in the case of environmental
care, it is about behavioural value (Dann, 2010; Zainuddin and Gordon,
2014). Specifically, depending on whether the product is tangible, ex-
change value is established (Sweeney and Soutar, 2001; Lusch and Vargo,
2006), if what is offered are services, it is called experience value
(Sandström et al., 2008), and if they are behaviours, as in the case of envi-
ronmental care, it is about behavioural value (Dann, 2010; Zainuddin and
Gordon, 2014). Another concept added to social marketing important for
this case of CBs is value in context (Gordon et al., 2018 based on
Chandler and Vargo, 2011). Value in context takes into account the com-
plex interactions that take place between the different exchange actors in
the social sphere (Domegan et al., 2013), so the end result would be a
mix of dimensions from themicro,meso andmacroenvironment. The result-
ing system, although operationally complicated, considers the co-creation
of value between the different actors involved in the exchange process.
However, it works from a systemic thinking approach (Domegan et al.,
2016; Duane et al., 2016; Brychkov and Domegan, 2017), taking into con-
sideration all actors with respect to the environmental problem that is
intended to be addressed, in this case, the damage to coasts and oceans
(Britton et al., 2021) and to citizens in general. The design of a model
that allows this trade off to be established would lead to the creation of a
social marketing campaign, establishing campaign themes based on the re-
sults of the research, a campaign that is proposed in this paper as a possible
way of transforming the research, which would imply testing and establish-
ing action plans to verify the behavioural changes that said campaigns
could achieve.

Therefore, this work proposes further research in the environmental
field to dig into the damage that CB causes in the oceans and their organ-
isms, as well as in the technological field, to establish a profitable system
to recycle this garbage. All this information, together with the economic ex-
penses derived from beach cleaning, should not only be transmitted to the
general public to encourage their awareness that discarded CBs are not the
end of the tobacco life cycle, but should also be used in the social marketing
campaigns that must be carried out to achieve that much needed change in
the society's behaviour to end the reign of >40 years as the world's number
one garbage (Fig. 3).



Fig. 3. Scheme of the proposed methodology to change our perception and behaviour on the problem of discarded CBs.
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