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Abstract

Background: Cigarette butts are some of the most common form of litter in the World, causing
severe environmental damage. Analysing spatial distribution of cigarette butts in the urban
environment may lead to useful insights for further interventions to reduce this form of litter. In
this study, we present a G1S-based methodology to estimate the density of cigarette butts across a
large urban area.
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Methods: We collected information about discarded cigarette butts in outdoor public spaces by
systematic social observation in a diverse sample of areas in Madrid, Spain. We used these data to
estimate the density of cigarette butts in public spaces around the entire city by performing GIS
analyses based on Kernel Density Estimations. Last, we validated these measures using on-field
observations in a set of locations across the city.

Results: Hospitality venues and public transportation stops were the places with the highest
concentrations of cigarette butts, followed by the entrances to educational venues and playgrounds.
Central districts showed the highest amount of cigarette butts in contrast to peripheral ones. We
found that our measure had good validity, with a correlation coefficient of 0.784.

Discussion: This is the first study estimating and mapping cigarette butt litter in a large urban
area. We identified a set of outdoor public places with high concentrations of cigarette butts and
found geographical unevenness in the distribution of this pervasive form of litter across the study
area. Our findings demonstrate the ubiquitous nature of cigarette butts in the urban environment
and the need for interventions to reduce its impact on both people’s health and the environment.
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INTRODUCTION

The tobacco epidemic is responsible for several of the leading causes of mortality and
morbidity including cancer, pulmonary illness, heart attacks, strokes or diabetes among
others.(1) Beyond the health implications of smoking, tobacco also involves severe
environmental threats through all stages of business cycle including production, distribution
and disposal. Tobacco harvesting leads to deforestation and to the use of harmful pesticides
to the environment; and the manufacturing and distribution of tobacco products increases
green-house gases emissions.(2,3) In addition, once the cigarettes are consumed, they
remain in the environment as litter. Cigarette butts contain carcinogenic and toxic substances
which can pollute the soil, the water and also damage the biota.(4-6) These environmental
harms may last for up to 2 years as the cigarette butts decompose.(7) It is estimated that 6
trillion cigarettes are smoked worldwide every year, and 4.5 trillion of them are discarded in
the environment, comprising a yearly waste of 280 billion of centilitres in the World,(4,8,9)
and representing approximately 25-50% of the litter collected from roads and streets.(10)

To address this situation, local jurisdictions have assumed high economic costs by cleaning
streets, conducting educational campaigns and installing bins or ashtrays in public spaces.(4)
In 2011, Schneider and his colleagues estimated that in the city of San Francisco, CA, USA
the cost of cleaning up the streets from cigarette butts was $6 million per year.(11) Further,
discarded cigarette butts in public spaces have a detrimental impact on the landscape,
worsening the quality of life of the population.(4) Finally, previous research argued that
cigarette butts visibility on the environment may contribute to the normalization of smoking.
(12,13)

Environ Res. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Valiente et al.

Page 3

Therefore, there is a great need to study the spatial extent of discarded cigarette butts and
their distribution throughout cities, identifying those public places where this waste is
concentrated. To date, the existing studies interested in capturing discarded cigarette butts at
outdoor public spaces have conducted on-field measures based on systematic social
observation;(5,14) or addressed face-to-face interviews(15) and surveys(16) to gather
information about the population perspectives related to this issue. Moreover, these studies
focused their results on the identification of types of places that may constitute hotspots for
cigarette butt litter in outdoor environments (i.e. beaches,(17) parks,(18) public
transportation stops(14) or hospitality venues,(19)). However, this earlier work limited their
results to these places and overlooked the extent of the exposure in the across wider
geographical areas, such as a city. To our knowledge, there is only one report using a
methodology based on Geographic Information Systems (GIS) to address this research gap.
(20)

GIS provides a set of spatial tools and metrics that enable the study of the distribution of any
given issue or event around space. In the current study, we build on previous work in these
areas to develop an alternative methodology based on systematic social observation and GIS
for estimating the density and then use this information to calculate city-wide estimates of
discarded cigarette butts. We further evaluated the validity of our estimations through on-
field exposure measurements.

2. METHODS

2.1. Study area and project design

We undertook our study in the city of Madrid, Spain, which has a registered population of
3.2 million inhabitants (Spanish Statistical Office, 2018, http://www.ine.es/). According to
official data from the City Council, cigarette butt litter constitutes a serious problem of
pollution in Madrid since every day more than 500,000 cigarette butts are dropped in the
streets.(21) This figure is considerably greater than in other major cities around the World,
such as London, where a mean of 16,500 cigarette butts are discarded per day,(22) with a
much larger population (8.9 million inhabitants in 2019, Office for National Statistics, UK,
https://www.ons.gov.uk/).

Figure 1 illustrates the adopted GIS based methodology. First, we collected data about the
presence of discarded cigarette butts at outdoor public spaces through systematic social
observation around a sample of census tracts within the city (n=42, ~2% of total census
tracts). We designed a two-step procedure to sample these census tracts which ensured the
breadth of the city’s socio-economic conditions were represented. In the first step, we chose
two neighbourhoods for each district within Madrid (n=21, 42 neighbourhoods in total)
based on socio-economic indicators (precarious work, educational level, occupation and
foreign-born population). Then, we sorted all census tracts within each neighbourhood by
population density, business density, percentage of foreign-born, percentage of population
older than 65 years old, and educational level. This sampling procedure has been used in
previous studies.(23,24) The spatial distribution of these census tracts is shown in the
supplementary material (figure S1). Second, we identified a list of the types of places where
we observed a high concentration of discarded cigarette butts; we used these data to estimate
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the density of cigarette butts and their distribution across the whole city applying GIS tools.
Last, we analysed the validity of our results by comparing on-field and estimated measures
in a set of 40 random point-locations in the whole city of Madrid.

2.2. Data collection and databases

2.2.1. Measuring cigarette butts in the urban environment—Using systematic
social observation, we collected data on all discarded cigarette butts within the selected 42
census tracts (stage 1 in figure 1). The fieldwork was performed by a single and trained data
collector from May to September 2016, from Monday to Thursday and between 5 and 9 pm.
These times were chosen because previous studies estimated that smoking visibility is
highest in the evenings and during the spring and summer months.(19,25) We used an
existing audit questionnaire tool(23,26,27) which allowed us to record information about the
presence of cigarette butts (yes/no), date, address, time of registry and the type of public
space where we found cigarette butts. We integrated the audit questionnaire tool in a
smartphone using Open Data Kit (ODK) software (https://opendatakit.org/use/collect/). This
allowed us to geocode the data and capture pictures.

2.2.2. Other contextual data—Geographic contextual data were collected for analyses
and cartographic outputs. We obtained data about administrative boundaries (city, districts,
neighbourhoods and census tract borders). We also gathered the public land use areas
(suitable for pedestrians) and the location (UTM coordinates and address) of all public
spaces and facilities around the city of Madrid, whose data were available. Specifically, we
included hospitality venues (bars, restaurants, cafeterias and pubs), public transportation
stops (considering bus, metro and train), healthcare and educational centres, supermarkets
and food stores, playgrounds and other public buildings (such as post offices, government
buildings, retail shops or other service premises). In addition, we procured information about
the location of benches as another functional element of the urban assets which characterize
public spaces. We performed the data extraction from the retail and business census
available at the Open Database website of the Madrid City Council (https://datos.madrid.es/)
and from the Regional Statistical Institute of Madrid (http://www.madrid.org/iestadis) in
July 2016.

2.3. Defining places with cigarette butt littering

We identified all types of places where we registered cigarette butts within the 42 census
tracts (e.g. bars or supermarket entrances). For each type of place, we calculated the
percentage of places that had cigarette butts with respect to the total number of similar
places within the 42 census tracts (stage 2 in figure 1).

In addition, we calculated the number of places per square kilometre (sg. km) for each of the
types of places with cigarette butts using the point-density tool in ArcGIS 10.4. software
(ESRI Inc., Redlands, CA, USA). This analysis showed the spatial distribution of the types
of places from which we estimated the density of cigarette butts around each place.
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2.4. Extrapolation of data on cigarette butt littering to the entire city

In order to estimate the geographical distribution of cigarette butts throughout the municipal
area of Madrid we mapped the location of all types of places where we had observed
cigarettes butts in the fieldwork and we conducted a Kernel Density Estimation (KDE)
analysis (stage 3 in figure 1). The KDE is a geographical measure that can be used to
calculate the density of features in an area (e.g. neighbourhood) around a specified point.
KDE creates a smoothed raster surface of the density of specific spatial events (in this study,
the selected types of places), based on their location and the distance to the neighbouring
ones. These calculations assumed that the value of density is higher at the location of that
event and, decreases as a specific function of distance as we move away up to a specific
search radius.(28) More details about how KDE works were provided elsewhere.(29-31)

We defined a raster grid of 1x1 meters and weighted density values by the observed
probability of found cigarette butts in each public space (i.e. the percentages obtained in
stage 2). We used a search radius of 50 meters around each public space. This density value
can be interpreted as an approximation of the magnitude of the exposure to cigarette butts;
the search radius is defined as the extent of the area around each public place where the
associated smokers might drop their cigarettes. Thus, considering a hospitality venue as a
place where we could find cigarette butts, our analyses assumed that the estimated density or
exposure to cigarette butts would be higher at the entrance to the building, and it would
decrease as a function of distance.

Density values were normalized using the equation [1] exposed below:

X = X — Xmin

= Xmax—Xmin~ 100 [

When X" is the new pixel standardized value, X'is the old pixel value, and Xminand Xmax
are the lowest and the highest pixel value in the map extension, respectively. We used the
Natural Breaks method(32) to classify each pixel in the city into 4 categories: null,
moderate, high and extreme. The areas that were not considered as public spaces according
to the land use classification provided by the Madrid City Council, along with non-built
areas (i.e. countryside and non-residential areas), were excluded from the analysis.

Last, we used GIS to estimate the total areas affected by cigarette butt littering. We
approximated the population living in areas with exposure to cigarette butts. In brief, we
procured census population data obtained from the Open Database of Madrid City Council
(https://datos.madrid.es/) and transferred this population data from census tracts to
residential buildings, weighting this operation by to the number of floors in each building.
Then, we add the amount of population who were estimated to live in those residential
buildings that were within areas with cigarette butts” exposure. All the analyses were
conducted using ArcGIS v.10.4. software.

2.5. Validation

A validation procedure was performed to analyse the validity of our estimations.
Specifically, we obtained 10 random addresses within each category of cigarette butts
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exposure area (null, moderate, high, and extreme) using ArcGIS 10.4. We excluded those
areas covered by the 42 census tracts used for observation. In total, we visited 40 random
point-locations within the city of Madrid. A similar procedure to define points for validation
has been used in previous studies.(20,24)

At each point-location, we conducted the same measurement procedure as in stage 2. To
obtain these measures, we visited each point and collected data on the number of cigarette
butts in a 1-meter radius (size of the pixel in the GIS analyses), and in a 3- and 5-meters
radius for sensitivity analyses. On-field measures were collected by the same data collector
as in stage 1, between July and September 2018, from Monday to Thursday and between 5
and 9 pm.

We then compared the KDE-estimated measures to the newly obtained observed values for
the density of cigarette butts (stage 4 in figure 1). We used a correlation coefficient to
compare both observed and estimated measures of exposure to cigarette butts. Correlation
coefficients were interpreted according the cut-off ranges defined in Mukaka, 2012.(33) All
statistical analyses were conducted using Stata v.12. software (StataCorp, College Station,
TX, USA).

3. RESULTS

3.1. Descriptive results of observational data (Stage 1)

We found a total of 515 public spaces with a presence of cigarette butts in the observed 42
census tracts (table 1). The presence of cigarette butts was highest around hospitality venues
(76.24%), public transportation stops (65.00%), playgrounds (53.10%) and educational
centres (39.29%). We also found cigarette butts at the entrances to the supermarkets
(8.33%), surroundings of benches (5.61%), at other locations within parks and green areas,
and at streets, squares and other public pathways (table 1).

3.2. Types of places considered in the analyses (Stage 2)

We considered these types of places in the KDE analyses: 1) hospitality venues, 2) public
transportation stops, 3) entrances to educational centres, 4) entrances to supermarkets and
food stores, 5) playgrounds and 6) benches. Since KDE analyses were calculated from
specific addresses, observations in types of places that were not recorded by the City
Council secondary databases (e.g. elements of the urban furniture, tree-planters) could not
be considered in our estimations. In addition, although we geocoded streets and parks data,
extrapolation of data obtained in these types of places is controversial. In particular, the
characteristics of streets (e.g. sidewalk width) and parks (e.g. land area and amenities)
within the city are heterogeneous. This characteristics may be more relevant to the presence
of cigarette butts in these public spaces, as compared to the number or density of the public
spaces themselves.(24) Conversely, playgrounds were considered in our analyses because all
these facilities within the city have homogeneous characteristics and dimensions, following
specific guidelines provided by the Madrid City Council.

Thus, we identified 104,120 locations including 16,730 hospitality venues, 5,860
transportation stops, 2,159 educational centres, 14,998 supermarkets, markets and, food
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stores, 1,935 playgrounds and 62,438 benches across the city. Figure 2 shows the
distribution of these locations around the city. The density of hospitality venues and
supermarkets were higher in central areas of the city, while playgrounds and benches were
more abundant in peripheral areas. Public transportation stops, and educational centres were
more evenly distributed.

3.3. Distribution of cigarette butts across the city (Stage 3)

Our analyses resulted in a complete map showing the estimated distribution of cigarette butt
litter across the whole city of Madrid (Figure 3). We observed the highest values of exposure
in downtown, “Centro” district (see an image enlargement of this area included at the upper
right side of the figure). As indicated in figure 2, we found that the downtown area had the
highest densities of hospitality venues, public transportation stops, and commercial venues
(i.e. supermarkets, markets and food stores) in the city, which were the types of places with
the highest probabilities to have discarded cigarette butts (table 1). Extreme and high values
of exposure were also estimated in other central districts of the city (Chamberi, Salamanca,
Tetuan and Chamartin), where we also found a high density of hospitality venues, public
transportation stops, commercial venues and schools (figure 2).

In contrast, we estimated a lower density of cigarette butts in peripheral districts of the city,
which include more residential (e.g. Hortaleza district) and industrial land uses (e.g.
Vicéalvaro district) and green/park areas. Within these districts, we found specific areas
where the density of cigarette butts was high. These areas were around large streets and
squares where most of the leisure services were concentrated within the district.
Furthermore, we observed a geographical unevenness in the distribution of the density of
cigarette butts: southern districts of the city (e.g. Carabanchel and Usera districts) seemed to
have higher values of density of cigarette butts than northern ones (e.g. Hortaleza district),
where larger areas of null exposure are depicted. Southern districts tended to have a higher
density of hospitality venues, public transportation stops, and commercial venues.

Figure 3 (lower right side) represents a detailed zoomed section of the map over a popular
square in downtown Madrid (Santa Ana square). This inset showed all public spaces
considered in our analyses as places with high probability to have cigarette butts, and the
distribution of this phenomena within the square and adjacent streets. Due to the large
concentration of places with estimated cigarette butts, there was an extreme density of this
form of litter in this square.

Madrid has 58.98 km? of outdoor public spaces within the residential areas, of which
72.88% (42.98 km?2) were depicted with at least a moderate exposure to cigarette butts. We
calculated that around 2.6 million of inhabitants (82.24% of population) in Madrid lived
within these residential areas affected by this form of litter.

3.4. Validation results (Stage 4)

We used Spearman’s correlation coefficient to assess the relationship between estimated and
observed values of density of cigarette butts because their distribution was skewed (see
supplementary file, figure S2). We found a high correlation between observed and estimated
values in a 1m radius from each validation location (r=0.784) (figure 3). The coefficients
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were slightly lower in the sensitivity analyses at 3m and 5m radius from each location,
showing a moderate correlation (r=0.543 and r=0.632, respectively). The points with
dissimilar estimated and on-field values were those mainly categorized in the groups with
estimated null or extreme exposure. The distribution of validation points throughout the
study area is shown in the supplementary material (figure S1).

4. DISCUSSION

We proposed a methodology to measure and quantify the distribution of cigarette butts over
an entire urban area by combining systematic social observation and GIS. We found an
overall presence of cigarette butts in the city of Madrid: 72.88% of outdoor public spaces
within residential areas were depicted with at least a moderate exposure to cigarette butt
litter. 82.24% of the population of Madrid lived in those areas. Similar findings were
obtained in Scotland, where a recent study estimated that 75% of the streets in Scottish cities
have some smoking-related litter.(34)

Our study identified high concentrations of cigarette butts around hospitality venues, public
transportation stops, educational centres, supermarkets, markets and food stores entrances,
playgrounds and in the surrounding areas of benches. These types of places were also
identified as hotspots of cigarette discarded butts by other studies.(19,27) Some of these
places are associated with tobacco sales and consumption such as hospitality venues as
suggested Marah and Novotny, 2011.(20) Others might be related to the effect of indoor
smoking bans that force smokers to relocate at outdoor venues (e.g. public transportation
stops, or supermarkets).(15,35) Furthermore, we found a high concentration of cigarette
butts in places where smoking is banned by the Spanish national regulation, such as
playgrounds.(36)

The distribution of cigarette butt litter is not uniform throughout the city of Madrid. The
central districts, which presented the greatest density of hospitality venues, public
transportation stops, supermarkets, and educational centres registered the highest amounts of
cigarette butts. These areas are characterized by a broad range of leisure, commercial,
business and tourist activities, and have the highest population densities within the city.
Moreover, we found that southern districts of the city seem to have higher density of
cigarette butts than northern ones. This result may be due to a greater diversification of land
uses in southern districts. In addition, these inequalities may be due to the frequency of
street cleaning. Overall, the City Council spends less money in street cleaning in the
southern districts in comparison to the northern ones (e.g. 36.6€ per inhabitant each year in
Carabanchel and Usera vs 40.4€ in Hortaleza or 46€ in Fuencarral-El Pardo).(37)

These findings were validated (r=0.784). The dissimilarities observed between the estimated
and on-field measures in areas with null exposure in the validation process indicates the
overall ubiquitous of discarded cigarette butts around the urban space. Meanwhile, those
dissimilarities found in areas with high exposure might be due to the frequency of street
cleaning, which is particularly high in central places of the city with a great density of
leisure, commercial and touristic activities.(37)
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Our results offer policy insights for those tasked with addressing urban refuse concerns as
well as tobacco control practitioners. To date, effective interventions to reduce cigarette butt
litter(4) and protect population from tobacco(23) include the implementation of smoke-free
policies in outdoor environments. Moreover, according to previous studies this regulation
receives popular support,(38—40) largely driven by increasing awareness for the serious
environmental harms of pollution derived from cigarette butts and interest for
“beautification” processes of the city,(41) beyond their implications for population health. In
Spain, the existing regulations banning smoking at playgrounds should be enforced and
extended to other outdoor settings such as entrances to hospitality venues, educational
centres, supermarkets or public transportation stops. Particularly, the prohibition of smoking
on beaches (a place not considered in our study since Madrid is not a coastal city) has
attracted attention in the literature. Other studies registered a high volume of discarded
cigarette butts in these environments.(17) While we found some examples of smoke-free
beaches in Spain,(42) this is not universal. Still, the results found in previous studies suggest
that beaches may be an important site for policy intervention.

The results will also be of interest to tobacco control practitioners, as the findings offer
opportunities for targeted interventions such as educational campaigns or public health
messaging (e.g. billboards) in those types of places where we identified high densities of
cigarette butts (e.g. entrances to hospitality venues). Furthermore, we have found some
policies that aim to provide a greater number of bins or portable ashtrays in those areas
where it exists higher density of cigarette butts such as beaches, entrances to public
buildings, etc.(10,43,44) However, other studies reject the effectiveness of these measures
since they argued that the increase of the number of tobacco-specific refuse collection
devices in the environment may encourage and normalise smoking.(23,45)

In terms of methodology, previous studies capturing the extent of the pollution of cigarette
butts applied single observational methods which are limited to a sample of places or streets
and are not suitable for covering large areas.(5) Beyond these single observational methods,
GIS tools enable us to infer the data on the presence of cigarette butts collected in specific
types of places to similar settings around the city. Thus, we could extrapolate these data
observed in a sample of points across a large geographical area.

Marah and Novotny in 2011 tested a weighted overlay model based on GIS proximity tools
to identify zones where high concentrations of discarded butts may be deposited around their
study area. This model was underpinned by data collected through a survey of tobacco
product waste (TPW) in a set of places with potential high concentrations of these litter
forms. That study suggested that the outdoor environment surrounding these high TPW
places might be affected by cigarette butt littering, and they defined 10 levels of exposure
using straight buffers, which decrease with the distance to these places.(20) By contrast, our
study involved extensive fieldwork to define those types of places with high concentrations
of cigarette butts and applied kernel density estimations (KDE) instead of buffer-proximity
measures. KDE algorithm offers a more updated and sophisticated density method based on
the distance of the types of places, which may provide results with higher precision and
better spatial resolution (1-meter pixel) than single measures based on proximity.(28) This
approach is more advantageous compared to the use of different proximity buffers: KDE
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may offer a gravity-based model which represents a gradual (or fuzzier) transition of the
density values from the places with cigarette butts littering to the boundary of the search
radius, rather than sharp transition obtained from buffer analysis.(30) Moreover, the model
tested by Marah and Novotny, 2011, was conducted in a small area within 3 zip codes, while
our method was applied to the entire city of Madrid.

Our study has several limitations. Presence of cigarette butts in the urban environment were
observed during a specific time slot (during weekdays, between 5pm and 9pm). We did not
assess the possible variations of the extent of these forms of litter in the environment during
the day (e.g. those produced by the frequency of street-cleaning), across the days of the
week (differences between weekdays and weekends), or even at different seasons of the year
(e.g. due to the presence of people and activities at outdoor spaces). A potential limitation,
especially related to the lack of measurement on weekends, is that we may have
underestimated the presence of butts around hospitality venues or other spaces that are more
frequently used during leisure time. Moreover, the methodology proposed was conditioned
by the availability of data recorded by the secondary databases. Thus, the presence of
cigarette butts could be only extrapolated for those places that were registered and
georeferenced in secondary databases (e.g. hospitality venues, public transportation stops,
supermarkets, etc.). Cigarette butt littering in other unspecific locations in the streets or
parks could not be estimated. However, our methodology and findings were successfully
validated, and to our knowledge, our study is the first on quantifying and mapping the
distribution of cigarette butt litter within a large urban area.

In summary, this study presents a novel and reliable methodological approach to analyse the
extent of cigarette butt littering in the urban environment, which may be reproduced in other
settings. These results demonstrate the high density of cigarette butts in the urban
environment, and pose some interventions to solve this problem, which could be also
considered in other cities worldwide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS:

This study presents a reliable and replicable GIS methodology to estimate the
extent of cigarette butts’ litter in the urban environment.

Our results showed a ubiquitous and unequal distribution of cigarette butt
litter in the environment in our study area.

Central districts with higher density of hospitality venues and public
transportation stops registered higher densities of cigarette butts.

This study revealed some hints for future interventions to reduce cigarette butt
littering in public spaces.
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observation at public areas @
Descriptive analyses

MADRID CITY

Types of spaces

% of places with cigarette butts by type
(table 1)

of data on the presence
of cigarette butts:
Compilation of addresses representing the
types of places with cigarette butts
throughoutthe city

Place1> w1 —H—»

Place 2 > w2

Citywide
KDE analysis
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Place3
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«  Observed exposure to cigarette butts vs estimated number of cigarette butts

40 locations

T

Correlation analyses

Figure 1.
Flow diagram depicting the study designs and methods.
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Distribution of the types of outdoor public places with presence of cigarette butts in the city

of Madrid, Spain.
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Figure 3:

Density of cigarette butts.
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Density of cigarette butts in public outdoor spaces in the city of Madrid, Spain.
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Observed number of cigarette butts (radius: 1m)
Pearson correlation coefficient:0.784

Estimatedvalue of exposureto cigarette butts®

Number of cigarette burts observed
inthe validation fieldwork

Observed number of cigarette butts (radius: 3m) Observed number of cigarette butts (radius: 5m)

Pearson correlation coefficient:0.543 Pearson correlation coefficient:0.632
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* Notes:
- The estimated values of exposure are all unstandardized in order to not introduce errors inthe calculations.
- Note that the estimated values were weighted (stage 4, section 2.5 and the estimated value of exposure to cigarette butts do not represent directly the
density of cigarette butts per square meter. Both measures should be interpreted asa magnitude of the exposure.
The estimated values of exposure to cigarette butts were multiplied by a constant value of 1,000,000to re-scale the variable.

Figure 4:
Correlation between observed and estimated measures of density of cigarette butts

Environ Res. Author manuscript; available in PMC 2021 April 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Valiente et al.

Table 1.

Page 19

Outdoor public places with presence of cigarette butts collected within 42 census tracts in the city of Madrid,

Spain in 2016

Final list of public places observed

Total number of places

Total number of places
observed with cigarette

Percent of places with cigarette
butts over the total number of

observed butts places
Hospitality venues? 202 154 76.24%
Public transportation stops 80 52 65.00%
Playgrounds 41 23 53.10%
Entrances to educational centres 28 11 39.29%
Entrances to supermarkets and food stores 240 20 8.33%
Benches 1033 58 5.61%

Parks and green spacesb . 28 .

Streets, squares and, public pathwaysd £ 169 £

Total 515

H\Ne considered only those premises that were opened by the time of observation.

b, . . . . S
This type of place comprises cigarette butts discarded within parks and green areas, on the park-pathways, on the grass or near the tree planters.

These data could not be estimated. These measures were either related to non-specific addresses which are difficult to concrete as points or to very

specific elements which are not registered and geocoded in the secondary databases and could not be counted.

da_, . . . : .
This type of place encompassed cigarette butts dropped on the middle of the streets, squares, car parking’s or other public pathways, such as
sidewalks, stairways or near the tree planters in the street.
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