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Abstract

Tobacco Product Waste (TPW), which includes discarded cigarette butts, packaging materials, e-cigarette components,
and other tobacco-related litter, is a growing environmental concern. TPW represents the most commonly littered waste
item globally, yet its economic environmental impact is often underestimated. Discarded cigarette butts are not only a
public nuisance; they release toxic chemicals and plastic into the environment, posing risks to ecosystems and human
health. Cities have conducted litter audits to support TPW mitigation policies, including applying litter fees to tobacco
products to offset cleanup costs. Such interventions can reduce tobacco product waste, particularly in communities and
environmental settings most affected by tobacco use. Voluntary cleanups by communities, environmental advocacy
organizations, and concerned citizens have emerged as a response to TPW. However, TPW cleanups currently lack
standardized protocols, hindering effective monitoring and policy development. This study conducted a limited review
of published reports and found that various non-profit organizations lack standardized data collection methods. To
address this, we recommend a standardized approach that includes elements such as hours spent collecting TPW and
number of volunteers involved, which can then be assigned a monetary value to the person-hours expended during these
events. This proposed method makes it possible to estimate some of the negative economic externalities attributable
to TPW pollution to order to inform policy and surveillance activities.

1 Introduction

There has been a growing interest and concern about the environmental impact of tobacco product waste (TPW),
which includes discarded cigarette butts, packaging materials, e-cigarette components, and other tobacco product-
related litter. Although TPW are the most littered waste items worldwide, their impact on the environment is often
underestimated [1-3]. Between one-third and two-thirds of all cigarette butts may be improperly disposed of and end
up in the environment [4]. Cigarette filters are made of a type of plastic called cellulose acetate, which takes years to
decompose [5]. When discarded, cigarette butts also release toxic chemicals, including nicotine, heavy metals, and
carcinogenic compounds into the surrounding environment [6, 7]. These contaminants can leach into the soil and water,
posing risks to people, plants, animals, and aquatic life [4, 8]. Discarded e-cigarettes also release metal, plastic, chemical
e-liquid and electronic waste into the environment [9, 10].
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Addressing the environmental contamination caused by TPW requires cooperative efforts from individuals,
communities, and governments. Cleanups by environmental advocacy organizations, community groups, and schools
have emerged as one of the most common and visible responses to this problem [11]. These cleanups aim to raise
awareness about the environmental harm caused by waste in general while identifying the proportion of waste collected
that is due to tobacco use. These can then help to actively engage communities in cleaning up and properly disposing
of solid waste of all kinds. Cleanups are typically conducted in public spaces including beaches, parks, streets, and other
areas that are heavily affected by TPW. Hence, TPW data are reported as part of general efforts in the annual International
Coastal Cleanup (ICC), sponsored by the Ocean Conservancy. In 2022 alone, over 1.1 million cigarette butts were collected
in the United States as part of the ICC [11]. The magnitude of TPW litter revealed through such voluntary cleanups has
been alarming and has generated significant attention to TPW as the single most common trash item collected. For most
cleanups, this amounts to about 30% of total litter (by count) collected each year [11]. In addition to voluntary cleanups,
multiple cities have conducted litter audits to inform specific TPW policies, including adding litter fees to the cost of
cigarettes to mitigate the costs of their cleanup efforts [12]. Audits from several cities indicate that 10-20% of all small
litter is cigarette butts [13, 14]. Many university campuses also sponsor TPW cleanup activities, with a goal of supporting
smoke-free campus policies [15]. For many of these cleanups, cigarette butts had been the only waste product collected,
but more recently, school-based cleanups have started to identify e-cigarette waste as a common trash element [16].

Physically collecting and documenting the proportion of collected waste that is TPW contributes evidence as to its
environmental burden. From those data, the economic costs borne by voluntary groups, local governments, and other
organizations that collect TPW may be estimated [17]. Importantly, reporting data on repeated TPW collections helps
demonstrate lack of progress in reducing TPW but also the futility of relying solely on cleanup campaigns to mitigate
it. The vast majority of this waste is not collected and may have long-term ecotoxicological effects [18]. Despite yearly
cleanups and reductions in tobacco product consumption, TPW persists as the single most collected trash item in the
United States and globally every year [19].

To date, most economic interventions against the tobacco industry have addressed the enormous impact that
tobacco use has had on healthcare expenses [20, 21] with less focus on environmental impacts. However, in 2010, the
San Francisco City Council assessed alitter fee’ on cigarette packages sold in the jurisdiction. The city applied these fees
to waste mitigation, public information campaigns, and enforcement activities [12]. Other jurisdictions have utilized
the Polluter Pays Principle (a component of Extended Producer Responsibility), essentially billing the tobacco industry
to offset a portion of governmental TPW cleanup costs [22]. Many public health professionals challenge this approach
as it includes the tobacco industry as a stakeholder in governmental policy development. However, they cannot be
stakeholders in these efforts due to the inherent conflict of interest between the tobacco industry and public health
objectives [23]. The Framework Convention on Tobacco Control, Article 5.3, in fact addresses this issue as a binding legal
treaty obligation, now ratified by more than 180 nations [24]. In another approach, the City of Baltimore, Maryland, has
filed a historic lawsuit against six tobacco manufacturing and distribution companies regarding TPW. The suit claims
compensation for TPW cleanup costs as well as fines for anti-littering law violations and punitive remedies due to the
defective product design of the cellulose acetate filter [25].

In 2022, Lam et al. published a conceptual model to estimate the costs of TPW to local, state, and national jurisdictions
[17].To improve the accuracy of estimates of the full economic costs associated with TPW mitigation, we need defensible
data on the voluntary resources expended to clean up TPW. By incorporating the costs of TPW mitigation from non-
governmental cleanups into these models, environmental advocates may be encouraged to join efforts with local
jurisdictions to recover the voluntary resources used to address TPW.

Community cleanups should be repeatedly conducted to assess the continuous effort needed to prevent the
accumulation of TPW (e.g., yearly with the ICC and monthly with local Surfrider beach cleanups); therefore, it would
be beneficial to policymakers and analysts to collect such data frequently (e.g., weekly, monthly) and as systematically
as possible. These data collection efforts and reporting by voluntary groups can help monitor the effectiveness of, for
example, smoke-free policies for beaches, outdoor dining facilities, and other outdoor public spaces, and to estimate
the cost of TPW mitigation. While traditional data collection methods including observational studies and surveys of
smokers [26, 27] provide valuable insights into TPW disposal patterns, they do not fully capture the scale of discarded TPW.

The primary objectives of this paper are to evaluate some existing reports of voluntary TPW cleanups as data sources
for estimating TPW burdens and to recommend a more standardized approach to improve the utility of these reports for
policymaking. The overarching goal is to provide feedback to communities and voluntary groups to improve the quality
of the information contained in their reports. These data may then support cost estimates of community mitigation
efforts, TPW policy development, and evaluation of implemented TPW policies.
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2 Methods

We used several different methods to obtain data on volunteer organization cleanup events in the United States. First, we
developed a list of local and state-based affected and relevant parties that might benefit from recommendations resulting
from this research in order to identify reports and data for review. These potential partners included public health
agencies, local governments, non-profit public health organizations, non-profit environmental groups, and affiliated
voluntary organizations. We invited 20 of these relevant parties to a meeting in San Diego, California, on May 26, 2022,
to gather insights, feedback, and perspectives, especially from those involved in TPW cleanups. Nineteen relevant parties
attended via Zoom and in person, along with California Department of Public Health and project staff. Of these relevant
groups, 10 were local government agency representatives from Santa Cruz, Alameda, and San Diego Counties, three were
from environmental think tank or partner groups, five were collaborating academic researchers, and one represented
the National Stewardship Action Council, a group active in broad waste reduction advocacy. At this meeting, attendees
received a briefing on the economic model project funded by the California Department of Public Health, including a
conceptual framework, a review of data sources needed for economic estimation, and an overview of voluntary cleanup
data reports. The attendees divided into small discussion groups to develop recommendations for the overall economic
model project and for standardizing cleanup protocols used by voluntary groups and others seeking to reduce TPW.
Next, we contacted 10 local non-profit environmental organizations who had expressed interest in our project. Four of
these organizations provided information on their cleanup activities including dates, numbers of volunteers, time spent
during cleanup, types of waste collected, and any tobacco product-specific data.

During June-August 2022, we searched on Google Scholar with the key words, “Non-Profits and Cigarette Cleanups’,
“Voluntary TPW cleanups’, and “Cigarette Butt Mitigation” to identify published reports from organizations focused
on waste abatement efforts. These search terms initially yielded more than 15,000 results. Our goal was to evaluate
standardized methods that were used in larger and repetitive cleanup efforts; therefore, we limited our review to reports
carried out in the United States and were focused on coastal communities (as the most comprehensive reports were from
beach communities). We excluded studies that did not focus on these geographic regions and did not report on large,
repetitive cleanup efforts. For practical reasons, we only screened the first 500 results. As this review was not intended
to be a comprehensive view of the literature, screening the top articles from our relevance-ranked search results was
deemed sufficient to provide a snapshot of existing efforts. We ultimately included 10 relevant reports and journal
articles that provided sufficient information for analysis. Many of these organizations detail their litter collection efforts
in annual reports that describe the types of litter, where it is most abundant, how many volunteers were involved, and
other information. Methods of TPW collection were summarized for each of these reports in order to understand the
similarities, differences, and limitations of collection methods [28-34].

Finally, we reviewed the Ocean Conservancy’s Trash Information and Data for Education and Solutions (TIDES) resource
[35]. This is an international ocean trash dataset reporting citizen science inputs from the annual ICC and from users
of Clean Swell (Ocean Conservancy’s ocean trash data collection app). TIDES reports include collection date, number
of people collecting, weight collected, distance covered, and voluntary group name. Through TIDES, we were able to
review data on the counts of TPW collected on beaches and other public spaces for the years 2021 and 2022 by county,
city, and individual group level.

3 Results

Trash collection databases can describe more than 100 different categories of trash found during cleanups (e.g., cigarette
filters, food containers, caps, cutlery, bottles, bags, cans, straws, rope), making analysis specific to TPW quite difficult. The
ten published reports we selected from the Google Scholar search provided specific information on methods used to
collect TPW from beaches, urban areas, and other venues in coastal or island communities (Table 1).

Overall, TPW cleanup data collected, stored, and reported by non-profit organizations are not standardized. Over
time, as the negative externalities of TPW became of more interest to environmentalists and subsequently policy makers,
volunteer cleanup reports began adding data on the amount of TPW found in these cleanups, which made the data
of much more use to policymakers. Still, additional data are needed for TPW policy development and evaluation. For
example, a paper published in 1990 had no specific data for cigarette butts found on shorelines, while reports from more
recent years include detailed data on filters, packages, wrappers, and newer tobacco products (e.g., e-cigarettes) [11,

@ Discover



Brief Report

| https://doi.org/10.1007/544274-025-00234-6

(2025) 3:43

Discover Environment

pa1i0dal J0U UO[3I3)|0D SLgap
10} SWI} PUEB SIS3JUN|OA JO JISQWINN »

payodai
10U sem juaAs dnues|d Jad swi] -
‘paniodal Jou sem dnues|d yoes 1oy
paJinbai S1933UN|OA JO JaqWInNu 3Y] -

papJodai Jou dnues|d
[eNPIAIPUL DB J0) U e} Sl
!spJed ay}
UO W3} SIY} Ul 9}0IM SID3UN|OA
—SpJed U0I13123||0d elep Uo Paisl|
AJjeoyidads Jou a1am s3Ing a13a4ebi) «

/(9% /.7) UOWIWIOD 1SOW pU0OI3S AAdL *
‘(951 €) Buipuy Juepunge ysow

3y 219M syuawibely diseld |jews «
‘Wa} U0 Jaquinu

‘pa129||0d s3INg 911218611 505'8Y | *

P3123]|02 SWd} SUgap 3y} JO

%G+ 10§ Pa3UNOdde SPNg 9n34eb|) -
!pa323]|0d sugap

JO %¥6—1 / 10} PaIUNODIE SDIISe|d «
‘L ¥6'S pa109||0d

SWIS) SIQaP JO JIaqWinu [e1o] «

([1303 J0 %5°S] LY L'y9L =u)
w9}l Pa3I3||0d A|JUOWWOD }SoW
Y4y 9Y3 249M SuNq anasebi) -
Y102 9% | pue 43qQqnJ %7 ‘POOM
%¢ 419ded 946 ‘|e3dw 90| ‘sse|b
%1 1 o1sejd 99 :papn|dul sugaq «
‘saydeaq
‘S’ UO SWaM SUASP 8L ELO'E

juaAs dnues)d

|ded WOl 3segelep uoida||0d
J911| SJ9PUHING 01 pa1I0dal SWY| «

!pa123]|0d

yseJy Jo sq| 000'EL < ul bunnsal

$I933UN|OA 000’0€ YHM pa3dnpuod
sdnues|d |enpiAlpu| LOZL ¢

P3390
9J9M WD §'7 uey} Jajealb
Bupnsesaw sway sugap AjuQ «
‘sali0b91edgNS [RUOIIPPER
‘le3aw pue “duqey/buiyiofd
Isaquin| passacoid “4aqqns Dnsed
iSe PaYISSe|d SWal pald9|0d)
(#L0T-€102)
1834 U0 10} PISSISSE SeM
uole|nwndde Ajiep pue A|Yuoly -
!AanIns yoea 1oy pap.Iodal
N9am 1sed ulyym ANAIDE WIOIS JO
9ouasald pue ‘Sulj210ys JO Yipim
‘SUOIIPUOD Jayleam ‘awll) ‘a1eq -
auy|
uoe}aban sy 03 96pa s,491eM
9Y3 WOJJ YIPIM Ydeaq 313U 3y}
P3JA0D pUB SIUSWAIDUI W §
ul J93eM 3y} 0} Jejndipuadiad
PasIaAeI} SeM }D3sues} yoeg
1339sueI} W QO P3YSsI|qe1sd
ue UlyHM pa3dnpuod sASAING «
pakaAINS d1aMm dujel}
uewny Aq pajoedwi ssa| saydeagq «
"y102 pue ‘poom ‘1aded ‘|eyow
19qqnJ ‘weojolfis ‘sse|b dnseld
:sa1i0633ed yseuy Jofew 3ybig
!sjuand dnues)d ssosde
paleA sugap ybram o3 SpoyIa «
!91IS Yoea 1e pJied Uo|3d9||0d elep
pazipiepueis pasn si0}eulpioo))
‘sdnuea yoesaq
ul pajedidipied SI93UN|OA 9€9/GQ «

(eruaoy1jed Ajuewnd)
$91e]S PalluN 3y3 Ul sajeis |eyseo)

210Ys YHONUO ydeag nysiep
19MOT pue 310Ys YInos uo
yoeag eus|eus|o,0d ‘210Ys 1S3
Uo ydeag eoun,nd :s3}is Yyoeaq
€ - (VSN ‘Llemen) puejs| nepw

0DIX3\ pue
epeue) buipnpul
‘aUI[2J0Ys JO SI|IW OY6T 73 B3e)S
|eiseod ‘g K123 ui sdnues)d
yoeag

62820 ‘110ddYy
|pnuuy dnupa|) yopag JaplLjins

a1 0Z-€10T ‘sa1ba1p)s
uonpbniw [p30j 40y suonpIduw)

:S3UI[210YS INDY\ UO UOHDINWINIID

$11Gap JO SIGALIP pUD Spudi|

126861
sayobag s,paLAWY Y34oN bujupa)d

suonewIT

sBuipui4

poyIaN UoR3||0) dnued|d MdlL

uoied07

Jeak/uswindoQ

$31e1G paiuf ‘seale |eyseod ‘sdnuea)d AJunwwod a1sem 1dnpoid o3deqol | 3jqer

@ Discover



| https://doi.org/10.1007/544274-025-00234-6

(2025) 3:43

Discover Environment

Brief Report

Joineyaq Jswoisnd
se [|am se AJjiqisuodsal ;aumo
pue adA} ssauisng 01 pangune
9 ued dudsald 1 Ul UONBLIBA

S9)S papipaud

MdLMO| 10§ (9Z—0 dbues) 8%

1noge pue sayis padipasd

MdLYbIY 10} (£/~1L L 9buel)

1'8€ IN0Qge Sem punoy sung
anaJebId Jo Jaquinu ueaw ay] «

pa110daJ 30U S193)UN|OA
JO Jaquunu pue uaxe) swi]

(S|er@1eW BUIYSY pue POOM 3I0W
pey sease ysiew [edidjunw-uou
‘weoy/onseld jo Aysuap 1aybiy
pey sanijeddiunw Jeau says)
seale pajejndod 03 ANwixoid 0}
pa1e[al sem uonisodwod sugaq «
!s19}|y/s913.1eb1d
2J9M P33I3||0d SWS JO %9 INOQY *
!s9d31d dnysejd pue weoy a1om
P33109]|0d SWIY JO %S INOQY *
!s19}|y pue sanasebd
9/5 Buipnpul ‘| 18'g sem
Pa3329]|0D SLIGap JO JaquInu |e30] *

payiodai Jou 510133||0
S1Igap JO Jaquunu pue uaye) awl] «
JUswsAOW
J91em pue suialied anem 03 133[gns
9J9M Saysiew se 9)Ssem JO 321n0S
uewiny 10a41p aulwialap 03 yndyiq «
paseadul swn|oA
,SWIall JojedIpul-uou ‘abueyd ou
PaMOYS SWa} J03edIpul ‘W) JDAQ «

‘Yyuow
payodasjoudnuesp  Jad swiall 85 Inoge syIng analebi) «
10} S193JUN|OA JO JSqUWINU pue dwi] ‘Yuow

110413 J33JUN|OA WO}
pa1nsal aAey Aew swall Jojedipul
-UoU [ewlulw 8y} Ul S9sealdu| «

J1ad swayl 96€ In0qe sonse|d
‘1eak/swall 86 L'E
-6/ | pabues pa1da)|0d sugaq «

010Z 3dd5 ul sopod
diz anneyuasaldal ul pa1dNpUod
219m sdnues)d [eaisAyd ‘|spow

aA1dIpaid 3y} Jo Adeindde 1s31 0f «

!S310)S 9OUSIUSAUOD

‘sajed ‘sieq :Md1 JO SHNod 3saybiy

YHM payiiuspl suoieso| o -
!S|pues buisn Ayuno) obaig ues
ul Md.L 30[d 01 pasn a1emyos §|o -

‘sdnuea)d

193115 bulInp suonedo| pue
s2dA} J91u| Inoge aiieuuonissnb
WI9}I-3UlU Pa33|dWod SIJUN|OA

azis

pue uoned0| Aq sligap dziobared

pue pes} 03 S4o buisn auijaioys
ysJew ul sugap pajuswndoq -
!(sKep oAy 1o} paup-iie) ybram

pue 3unod Aq sugap pajuswndo( -

‘swiall

paiejas buiysy pue ‘s133(qo Jay1o

1I9gqgnuJ ‘s3]11X31 ‘Weoy) ‘PooM
>1usbodouyjue ‘|eyaw ‘sse|b
1yse|d se paziobaled sgaq -
W §'8 03 80 wouy buibuel
S2MS 9—f YIIM Yded ‘e1el)s 93y -
‘(600¢

Kew -£00z 1d3S) pouad yiuow-1z

1ano pajdwes Ajjeuoseas «
‘Ayj1q1ssadde ysiew

uo Ju3pUAdaP ‘SUOIIRPUSIWODD]

juswabeuew Aienysa pue
SID BuISN USSOYD DI9M SIS »

MdLI3yi0
pue sng axaJeb1d papnpul
YdIYym ‘swayl Jojedipul-uou pue

(sonseyd Ajuewd) sway Jojedipul
:03u] pajebaibas payda||od suga( ¢

19661 4199010 -166 L Ao\

pa1npuod , 8/61 “43lewusna Aq
ubisap uo paseq sAAINS A|YIUO ¢

(VSN -eluioyijed)

JUaWUOIIAUB UDQIN Y] Ul 3)SbM

Ayuno) obaiqg ues  131nq 333210613 Jo sui31od d1ydpiboan

(VSn-euljoie) yiioN)
Auno) ya1934e)

(vsn)
Kasiaf M “Yled 21e1S yoeaq
puejs| uiayou jo yibua| w 0os|L

1£6002-£00C
‘SaySID }DS DUIJOIDD) YLION Ul
S11Qa UL} JO UOIIDZ1I1DDIDYD

oc 9661 03 1661 WOy 4o03q
A3s13 M3 D UO s11Gap aulIbW
10}jUOW 0} SWa}| 10IDIPU JO 3S)

suoneywr] sBuipui4

pouIaN UoR3||0) dnuedd MdL

uoi3ed07

Jeak/uswindoQ

(panunuod) | a|qey

@ Discover



Brief Report

| https://doi.org/10.1007/544274-025-00234-6

(2025) 3:43

Discover Environment

pa1i0dal Jou UoI1I9||0D

elep pue swooq jo uonedjdde
ul pasn |auuosiad pue awli] «

!s19)|y ana4ebd se

4onNs s1Igap 0Jd1W 133[|0d 0} PaYINS
19119 94 suleLINd Yysaw-auld

‘Weojolfs se

yons s|elialew yuefong Joj payns

191399 Y21ym ‘poyiaw ainyded
sLgap wooq ay3 jo Adenbspeu

ybiam Aq payds||od

SLQap [2101 Y3 JO %t | Ajuo

2J9M 39K (£97 | =U) Sw} 230}

JO %%/ INOQE e WM SnossWNU
1S0W 9y} 2J9Mm sINq 911e61)

‘(as1w

‘WnuiwWn|e ‘WeojoIA)s 1eamioos

‘sdn> ‘sbeq ‘buibexded ‘sse|b ‘34

‘san1aiebid ‘s91110q | 3d) seobared
0l ‘paybiom pue papiodas sugaq «

9am e 3dIM)

PaAOWS SUGIP YUM (ZLOT |Hdy

-1 10T 3da5) skep G0t 10} sjpuueyd
abeujeip 0} paioydue swoog -

MO} SHgp Yjoel} 0}

sease snojndod je pade|d (mojaq

w €'0 ulennd sjgeawsaduwil

ue pue Jjem dA0de W €°0

sIaquieyd Uol1e1eo|)) SWOoq
Uo1URIAI S1gap Bulyeoly om] «

(VSN-LlemeH)
puejs| |,lemeH ‘OfiH

¢¢ LIDMDH Ul SLIG3p 3ulIpW [D30]
JO Syuis pup sa21nos ay3 bupyopiy

suoneywIT

sbuipui4

pouIaN UoR3||0) dnuea|d MdlL

uoied07

Jeak/uswindoQ

@ Discover

(panunuod) | a|qey



Discover Environment (2025) 3:43 | https://doi.org/10.1007/544274-025-00234-6
Brief Report

28]. However, most reports do not include data on the number of volunteers participating (with TIDES being the one
notable exception) and time spent by them on the clean-ups. These ‘person-hours’ data could be used to estimate the
economic value of community TPW mitigation efforts.

We used data from the TIDES dataset to develop a report on community and voluntary TPW mitigation efforts (Table 2).

Based on this data set, people from various organizations collected more than 834,000 cigarette butts between
September 2021 and August 2022. While the TIDES dataset provided detailed information on the number of volunteers
involved and the amount, weight, and type of waste items collected, the dataset does not report the number of person-
hours used during these cleanups. Such data would be necessary to estimate the cost of voluntary efforts to mitigate
TPW. Although the number of butts collected per volunteer is quite low, this likely suggests that many parts of the areas
cleaned up were free of TPW or that some volunteers did not report collecting them. Nonetheless, the total numbers of
butts collected is impressive as a percentage of total waste products collected.

4 Discussion

Published reports of solid waste cleanups that include information on TPW are available from several voluntary
environmental groups, the Ocean Conservancy’s TIDES dataset [35], and from some local government agencies. These
reports allow for some limited analyses of TPW collection efforts, but data reporting could be expanded in order to
estimate the cost of TPW cleanups.

Our initial Google Scholar search suggested that there are a large number of voluntary groups collecting and reporting
data on TPW in order to support environmental policy interventions regarding this specific waste stream. The emerging
concern for the harmful environmental effects of TPW can amplify the tobacco control work of public health agencies
and anti-tobacco advocacy groups. For example, there is currently a major international effort to develop a treaty on
plastic waste (see https://www.un.org/en/climatechange/nations-agree-end-plastic-pollution). Cellulose acetate (plastic)
cigarette filters are attached to almost all commercially sold cigarettes, and since these filters do not protect smokers
from the adverse health effects of smoking, eliminating this non-essential and hazardous single-use plastic product will
have benefits for both public health and the environment [36].

Standardized TPW cleanup data could be used to monitor trends in TPW over time, to evaluate TPW intervention
policies, and to describe to policymakers and the public the persistent environmental insult associated with TPW. Such
reporting could also help to assign economic responsibility to the tobacco industry for TPW mitigation costs and damages
to communities and ecosystems. To do so, these reports should include data on the location covered in the cleanup (e.g.,
city, county or latitude-longitude), the number of persons involved in the cleanup, and the number of hours spent by
those persons on the cleanup. Additional data on land use (e.g., parks, beaches, urban, etc.) and population demographics
in the cleanup area could be used to develop statistical models that predict the total volume of TPW discarded in a given
cleanup area; from these data, economic models can be used to estimate total TPW mitigation costs in that area.

Given the changes in tobacco product use over the past several decades, it will also be important to include in TPW
cleanup reports not just cigarette butts, but also e-cigarettes, heated tobacco products, smokeless tobacco products,
cigar tips, vape accessories, packaging, snus pouches, and other discarded tobacco product materials. This may be
facilitated with an app currently under development at the San Diego State University Center for Tobacco and the
Environment that records specific products, geolocation of collection, and time of collection (see: https://cte.sdsu.edu/

Table 2 Waste Collected from Five Largest Coastal U.S. Areas, Trash Information and Data for Education and Solutions (TIDES Dataset), Ocean
Conservancy, 2022

Location/Region  Total Items Collected ~ Number of Percentage  Ranking Comparedto  Numberof = Number of Butts per
Cigarette Butts (%) other collected items Volunteers ~ number of volunteers
Overall USA 3,387,208 542,951 16 1 151,606 3.6
Florida 1,382,266 139,322 10 1 25,541 55
California 537,890 138,277 26 1 39,710 35
Hawaii 16,873 3,856 23 1 1129 34
Louisiana 19,362 326 2 10 336 1.0
Texas 87,960 9,639 11 2 17,877 0.5
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current-projects/). Given the ubiquity of cell phones, app-based recording of clean-up efforts by citizen scientists could
provide a reliable and more complete way of collecting and reporting data from TPW cleanups.

5 Recommendations

1. Estimating costs of TPW mitigation requires defensible data from multiple sources. Community TPW cleanups are
one source of such data; the cost of each person-hour used to clean up TPW translates into, at a minimum, the
hourly wage of those involved in the cleanup. Translating TPW collection data to cleanup costs would then involve
the multiplication of total hours spent by all those planning, administering, reporting, and conducting the event by
an appropriate hourly wage, which could be approximated by the average hourly wage in the jurisdiction in which
the event took place. For example, if the estimated hourly wage for volunteer work is roughly $30 per hour in a
jurisdiction and 20 volunteers spent two hours cleaning up a one square mile venue, then the one-time estimated
manual cleanup costs for that venue would be $1200 (= $30/hr * 20 volunteers*2 h).

Additional costs would include recruiting and training volunteers, mitigation equipment, the hours spent organizing
and managing the event, the hours spent analyzing and reporting data, and any efforts or costs in disposing of the
collected TPW. All event costs can then be summed to report one-time costs and then repeated to obtain monthly or
yearly estimates of one component of TPW mitigation costs. Quantifying the costs of voluntary TPW cleanups and adding
these to the other TPW costs borne by communities through TPW prevention, surface abatement, system abatement, and
disposal, expands our understanding of the overall mitigation costs of TPW. To standardize voluntary TPW cleanup costs,
we suggest a basic approach to recording data on TPW collection as utilized in this real world example on a California
beach (Table 3).

Note that the real-world data presented in Table 3, for a March 13, 2021, Surfrider Foundation cleanup event, contains
all the necessary information to estimate the cleanup costs for this particular cleanup effort except total volunteer hours
and an appropriate hourly wage. We recommend that the organizers of volunteer cleanup events such as this ask each
participant to record the time they start and finish their cleanup efforts and then aggregate those hours and include them
in their organization’s TPW cleanup report. If we assume that each volunteer during the March 13, 2021, cleanup event
worked for 1.5 h, then that would translate into 45 person-hours (1.5 h * 30 persons). If we assume a $30/hour wage is
appropriate for this jurisdiction, then we would estimate the total cleanup cost for this event to be $1350.

2. The cleanup record should include some specific land use details for the cleanup site, as cleanup sites will vary in
their trash burdens according to the human visitations at the site [37]. For example, different waste burdens may
be found in coastal areas near urban vs rural jurisdictions; state vs local jurisdictions; natural preserves vs active
tourist areas, etc. TPW interventions should be included as part of public health programs against tobacco use. The
U.S. Department of Health and Human Services recommends comprehensive tobacco control programs for state,
local, and voluntary agencies [38]. Such programs should recognize and include TPW mitigation measures [39]. TPW
cleanups can play a crucial role in mobilizing broader tobacco control policies and in engaging new partners in the
fight against tobacco use. By bringing together volunteers, environmental groups, public health advocates, and local

Table 3 Standardized
reporting example for
community tobacco product Date: 03/13/2021
waste cleanups

Organization/Sponsor: Surfrider Foundation

Location (State, City, Site Name, Site Type): CA, Pacific Beach- San Diego, Tourmaline Beach

Cleanup Findings

Number of Volunteers 30
Total Volunteer Hours

Total Number of Cigarette Butts 230
Total Number of Tobacco Product Packaging/ Wrap 1
Total Number of e-cig pods/cartridges/batteries 0
Total Number of other Tobacco Products (i.e., lighters, cigar tips, wraps) 45
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communities, TPW cleanups can raise awareness about both the health and environmental impacts associated with
tobacco products and their waste, but they should not be used to blame the victims of the tobacco industry through
aggressive policing actions or other punitive measures on people who smoke.

3. Measuring the total mitigation costs of TPW can support measures to hold the tobacco industry accountable and
liable for environmental consequences of its defective and deceptive products. Mitigation measures can also be used
to emphasize other public health measures. These include increasing tobacco taxes (litter fees to pay for cleanup
costs), expanding outdoor smoke-free policies (to reduce TPW is defined areas), and reducing the density of tobacco
distributors. This is particularly important because TPW disproportionately affects certain communities, particularly
those with lower socioeconomic status, due to higher prevalence of smoking, limited access to waste management
resources, and higher density of tobacco retail outlets. These communities often experience greater environmental
burdens from waste products overall, including litter, soil, and water contamination, and associated health risks. Policy
interventions are crucial to ensuring the equitable distribution of resources for TPW mitigation and to assure that
those cleaning up TPW are also protected from exposure to the harms of this waste. Implementing comprehensive
policies that prioritize the needs of vulnerable communities can promote environmental justice, reduce the harmful
impacts of TPW, and help hold tobacco companies liable for the harm that they have caused to the environment and
the public’s health.
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