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The new threat in electronic waste: 
Environmental burden of electronic 
cigarettes
İbrahim Hüseyin Cansever1, Gülşen Göney2

Abstract:
With the advancement of technology, the availability, variety, and use of electronic cigarettes have 
increased significantly. Recent studies on the potentially harmful effects of electronic cigarettes 
on health suggest that they are not considered less harmful or reliable than traditional cigarettes. 
It is known that the waste generated by the production, use, and disposal of conventional ciga-
rettes is harmful to the environment and poses a significant burden. The environmental burden of 
electronic cigarettes, which contain many components such as batteries, heating coils, e-liquid, 
plastic cartridges, and microprocessors, is recognized as an emerging problem. The fact that 
waste from electronic cigarettes, which could become the cigarette butts of the future, is already 
appearing in garbage highlights the need for careful monitoring of the process and prompt action 
to address it. Scientific studies investigating the environmental impacts of electronic cigarette 
production, use, and disposal are limited. This study aims to reveal the environmental impacts 
of electronic cigarettes, which are predicted to become a significant public health problem, and 
examine these impacts in the context of the United Nations Sustainable Development Goals. A 
descriptive case study, a qualitative research design, was used for this purpose. The research 
revealed a minimal number of studies and limited evidence on the environmental effects of elec-
tronic cigarettes in the literature. It has been observed that both governments and manufacturers 
are delaying the fulfillment of their responsibilities regarding electronic waste disposal. Recom-
mendations are provided for the measures governments should take to manage electronic ciga-
rette waste before the problem becomes unavoidable.
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Introduction

The World Health Organization 
(WHO) report emphasizes that 22 

billion tonnes of water are used in to-
bacco production worldwide, 2 million 
tonnes of packaging waste are gener-

ated, and trees cut for tobacco produc-
tion account for 5% of global deforesta-
tion, highlighting the environmental 
burden.[1] The environmental impacts 
of conventional cigarettes have been re-
vealed by numerous studies.[2,3] Over the 
last fifteen years, the growing popularity 
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of electronic cigarettes (e-cigarettes), including the pro-
duction of disposable e-cigarettes, has raised questions 
about whether e-cigarettes are more environmentally 
friendly than traditional cigarettes.[4−6] 

In 2021, it was estimated that there were 82 million 
e-cigarette users worldwide.[6] Data from the U.S. Na-
tional Youth Tobacco Survey indicated that disposable 
e-cigarettes may represent a new public health issue.
[5] In January 2020, the Food and Drug Administration 
prioritized enforcement against certain unauthorized 
flavored cartridge-based e-cigarettes. By July 2020, the 
FDA had issued warnings to seven companies to stop 
selling or distributing flavored disposable e-cigarettes 
and electronic liquids (e-liquids).[7] E-cigarettes, partic-
ularly those containing disposable devices, e-liquid, 
containers, packaging, and batteries, have been identi-
fied as a potential new global public health concern.[4] 
Additionally, attention has been drawn to the environ-
mental impacts of e-cigarette use.[8,9] Some studies sug-
gest that disposable e-cigarettes should be classified 
as hazardous waste. Despite their small size, dispos-
able e-cigarettes are consumed and discarded much 
faster than reusable e-cigarettes. The use of reusable 
e-cigarettes also generates significant waste, including 
wires, cartridges, batteries, plastic components. This 
situation may necessitate specific measures for waste 
management. Even the disposal of unused and ex-
pired e-cigarettes and e-liquids by manufacturers may 
require hazardous waste management.[10] It has also 
been suggested that guidelines should regulate the 
environmental disposal of e-cigarette components.[11] 
Scientific studies investigating the environmental im-
pacts of e-cigarette production, use, and disposal are 
quite limited. Despite the lack of information on the 
environmental effects of e-cigarettes, it is noteworthy 
that some e-cigarettes are marketed as “environmen-
tally friendly” or “green” by manufacturers.[12]

This review aims to reveal the environmental impacts 
of e-cigarettes, which have significantly increased in 
use over the last 15 years and are expected to become a 
major public health problem in the future, and to eval-
uate these impacts within the framework of the United 
Nations Sustainable Development Goals (SDGs). A de-
scriptive case study, a qualitative research design, was 
used for this purpose.

E-Cigarette Use

In addition to the continuous rise in e-cigarette usage 
rates, it is also important to understand how much 
users consume per day to obtain comparable data with 
traditional cigarettes and estimate the level of waste 
that may result. In this context, intensive, repeated 
measurement data collected in real time is critical to 
assess e-cigarette usage patterns.[13] According to the 
European Commission’s latest public opinion survey 
on Europeans’ attitudes towards tobacco, 72% of e-
cigarette users reported using a refillable device, 23% 
reported using a reusable device that can be recharged 
with a disposable cartridge (POD system), and 8% re-
ported using a disposable device that is discarded after 
use.[14] In the 2023 report of the National Youth Tobacco 
Survey, conducted annually in the United States, 10% 
of high school students (1.56 million) and 4.6% of 
middle school students (550,000) reported using e-ci-
garettes. Among current e-cigarette users, disposable 
e-cigarettes were the most commonly used device 
(60.7%), followed by pre-filled or refillable pods or car-
tridges (16.1%).[15] In another study, it was revealed that 
e-cigarette users change their coils on average three 
times per month.[16] Additionally, in a study measuring 
the e-liquid consumption of 91 participants from Mary-
land between April 2019 and March 2020, e-cigarette 
reported using an average of 3 mL of e-liquid per day, 
with a nicotine concentration of 18 mg/mL.[17] 

Environmental Burden of E-Cigarettes

One of the emerging environmental problems caused by 
tobacco products, with the potential to become a much 
larger issue in the future, is the electronic waste (e-waste) 
generated by e-cigarettes and similar products. E-waste 
is the fastest-growing hazardous waste stream globally. 
By 2019, global e-waste reached 53.2 million tonnes (Mt), 
and it is projected to rise to 74.7 Mt by 2030.[18,19] The 
increasing use of e-cigarettes in developed and emerg-
ing markets leads to the disposal of e-cigarette waste in 
landfills, contributing to the release of chemical pollu-
tants and rapidly altering the composition of e-waste. It 
was estimated that approximately 50 million tonnes of 
e-cigarettes were wasted globally in 2017.[9,20] The waste 
generated by e-cigarette cartridges and batteries is a seri-
ous concern. Improper disposal of these materials in the 
environment poses significant dangers.[21,22]
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Efforts to reduce cigarette butt litter have been the pri-
mary focus of studies on tobacco product waste.[2,3,23] 
However, much of the research on e-cigarettes has con-
centrated on their health effects, intended use, and health 
hazards.[24,25] There remains a notable gap in research 
concerning awareness of e-cigarette waste and environ-
mentally friendly disposal practices.[26]

When evaluating the environmental impacts of e-cigarettes, 
key environmental concerns include greenhouse gas emis-
sions from e-cigarette production, exposure to chemicals in 
the e-cigarette liquid and aerosol, improper disposal of e-
liquids or cartridges (with or without nicotine), disposal of 
e-cigarettes containing batteries, and the plastic packaging 
of the cartridges. More data is needed to fully understand 
the environmental impacts of manufacturing these prod-
ucts, particularly due to the lack of regulatory consistency 
in product availability and production reporting.[12] There 
is an urgent public health concern regarding the environ-
mental effects of e-cigarettes, from production to disposal, 
which requires immediate investigation.[27]

Ngambo and colleagues (2023) analyzed the environ-
mental impacts and found that the production, use, and 
disposal of e-cigarettes pose threats to air quality, wa-
ter, land use, and animals.[28] Furthermore, no formal 
assessment of the life-cycle environmental impacts of 
e-cigarettes has been found,[9,19] highlighting the need to 
clarify how e-cigarettes compare to traditional cigarettes 
in their environmental effects.[12]

Leaching tests of e-cigarette components have shown 
that the lead content in the resulting leachate is up to 
10 times higher than the U.S. legal limit for hazardous 
waste.[10] E-cigarette filters, mouthpieces, rubber plugs, 
and cartridge plastics have also been found to contain 
other toxic or potentially toxic compounds.[29] Another 
study, which used Lemna minor as a model organism to 
study the effects of tobacco, e-cigarettes, and e-liquids, 
found that exposure to e-cigarettes and e-liquids caused 
a reduction in root length, biomass, and leaf number 
compared to controls. The presence of cigarette butts, e-
cigarettes, or e-liquids caused stress in the model plant, 
which may indicate degradation of aquatic ecosystems at 
the primary producer level due to significant deviations 
from control conditions.[30] The literature reports that 
lead is the only element in e-cigarette products that ex-
ceeds hazardous waste levels, with lead leaching occur-

ring at dangerous levels. Another hazardous substance 
in e-cigarette products is nicotine, present in e-liquids.[10] 

Substances in e-cigarettes can contaminate soil, water, 
and air.[9] Copper and nanoparticles have also been de-
tected in e-cigarette aerosols. Copper levels were 6.1 
times higher than the per-breath value reported for tradi-
tional cigarette smoke. The detection of copper, a poten-
tially cytotoxic metal, as well as oxidants in e-cigarettes 
and their components, raises concerns about the safety of 
e-cigarette use and the disposal of e-cigarette waste prod-
ucts into the environment.[11] According to the U.S. Envi-
ronmental Protection Agency (EPA) Toxicity Characteris-
tic filtration protocol, 51 e-cigarettes were analyzed, and 
barium, chromium, nickel, and lead were detected. The 
study showed that the acceptable lead level in disposable 
e-cigarettes was exceeded. In a separate study investigat-
ing metal leaching in 23 disposable e-cigarettes in the 
U.S., high levels of lead were detected in the leachate of 
some devices. Specifically, two out of the 15 e-cigarettes 
tested exceeded legal threshold levels for lead.[10]

Heating coils used for aerosol production are typically 
made of metal alloys across all generations of e-cigarettes. 
Common coil materials include kanthal, nichrome, and 
stainless steel.[31] E-liquids contain nicotine and other 
chemicals that can harm human health.[32,33] In 2015, more 
than 58 million e-cigarettes and spare parts were sold in 
grocery and convenience stores in the U.S. (excluding e-
cigarette stores or online sales), with 19.2 million of these 
products designed for single use. Also, in 2015, 99% of 
e-cigarette products sold contained nicotine. Specifically, 
98.7% of flavored e-cigarette products and 99.4% of un-
flavoured products contained nicotine.[34,35] The disposal of 
e-cigarettes is further complicated by the presence of sig-
nificant amounts of residual nicotine, making e-cigarettes 
and cartridges both e-waste and biohazardous waste.[10]

Kari (2019) predicted that e-cigarette waste could be-
come a major waste management disaster if not handled 
responsibly.[36] Toxicology reports have also shown that 
e-cigarette leaks have adverse effects on aquatic animals 
when ingested.[20,37] The impact of cigarette butts, heat-
not-burn tobacco products, e-cigarette cartridges, and 
e-liquids on microorganisms was investigated using mi-
crobial analysis in the risk assessment (MARA) method. 
The MARA method assesses ecotoxicity by using 11 
different microorganisms, which can provide informa-
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tion on chronic ecotoxicity. The results revealed that e-
cigarette waste, such as cartridges and e-liquids, do not 
pose a significant threat to microbiocenosis. On the other 
hand, leachate from cigarette butts and butts from heat-
not-burn tobacco products has been reported to have a 
significant ecotoxic effect on the microorganisms stud-
ied. It was found that even a few dozen conventional 
cigarette butts in water could inhibit microbial growth, 
and heat-not-burn tobacco products exhibited high toxi-
city toward D. acidovorans and S. warnerii.[38]

The introduction of plastic, metal, cartridges, lithium-ion 
batteries, and concentrated nicotine solutions requires 
far more environmentally intensive production pro-
cesses than products made primarily from plant material 
and plastic filters, such as combustible cigarettes.[39] Fur-
thermore, the majority of e-cigarettes currently in use are 
neither reusable nor recyclable.[27]

Even the few refillable tank systems sold still use plastics, 
metals, batteries, and other non-biodegradable materials 
that ultimately become e-waste in landfills. If we assume 
that most smokers’ lax environmental habits carry over 
to e-cigarette users, it is likely that these products will 
also end up as e-waste, polluting beaches, seas, cities, 
and the countryside.[40] The WHO has stated that single-
use, hard plastic cartridges for e-cigarettes could become 
the cigarette butts of the future.[41]

These components include metal housings, wires, plas-
tics, and absorbent polymers that hold parts together 
and retain vaporized liquids. Many of these parts may 
become contaminated with toxic substances found in e-
cigarettes.[39,42] In this context, environmental precautions 
must be taken in case of contamination by the substances 
found in e-cigarettes, and the data on environmental 
hazards are summarized in Table 1.

The table presents environmental precautions and haz-
ards that should be addressed in case of contamination by 
the substances found in e-cigarettes, using data from the 
Material Safety Data Sheet (MSDS). Additionally, the en-
vironmental characteristics of these substances are spec-
ified, and EPA waste codes are provided for each agent. 
The United States Environmental Protection Agency has 
concluded that e-cigarettes can be classified as acutely 
hazardous waste (P075) when disposed of, due to the 
cartridges containing commercial chemical products, es-

pecially nicotine.[65] Analysis of the table reveals that cer-
tain ecotoxic compounds, such as lead and arsenic found 
in LED lamps, can also be present when e-cigarettes are 
discharged into the environment as e-waste. Lead is par-
ticularly concerning because of its chronic toxic effects on 
aquatic microorganisms. Another hazardous compound 
in e-cigarette disposal is mercury, which is used in ther-
mometers to measure e-cigarette temperatures and is 
also harmful to aquatic ecosystems. Heavy metals such 
as lead, arsenic, and mercury, which may contaminate 
e-cigarette waste, pose risks to human health through 
biomagnification and can have toxic effects, especially 
on the central nervous system.[66] Circuit board e-waste 
from e-cigarettes can contaminate the environment with 
various metals, including lead, copper, zinc, aluminum, 
nickel, arsenic, barium, cadmium, and selenium.[67]

Research focusing on disposal patterns and environmen-
tal impacts shows that cigarette pollution, e-waste, and 
e-cigarette disposal are emerging public health concerns.
[68] The U.S. Food and Drug Administration (FDA) has 
stated that regulation will require e-cigarettes to un-
dergo extensive testing if they are to remain on the mar-
ket. However, e-cigarette manufacturers are able to pro-
duce and sell their devices with minimal oversight from 
health and environmental regulators, as the deadline for 
this requirement has been delayed from 2018 to 2022.[69]

Conclusion

Despite growing concerns about the environmental 
threat posed by e-cigarettes, more scientific studies are 
needed to fully understand the environmental impact of 
their life cycle−production, use, and disposal. The effects 
of this life cycle on human health, particularly regard-
ing environmental pollution, need to be thoroughly an-
alyzed. Although limited data on the life cycle of e-ci-
garettes have been reported, it is evident that they may 
pose a significant long-term environmental threat due 
to the toxic nature of their components.[27,28] E-cigarette 
production can increase pollution, including greenhouse 
gas emissions, which may contribute to climate change.
[12] In this context, many studies emphasize the same 
point: given the rapid expansion of e-cigarette produc-
tion, distribution, use, and disposal worldwide, a rigor-
ous assessment of their life-cycle environmental burden−
considering various potential health, environmental, and 
other consequences−is urgently needed.[28]
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Given the steady increase in the number of e-cigarette 
consumers, this potential problem is of particular con-
cern,[70] and the importance of this research is height-
ened, especially with the focus on young people. A study 
conducted in high schools in the USA showed that e-ci-
garette products accounted for 19% of cigarette litter in 
the outdoor environment and ranked second only to tra-
ditional cigarettes.[71] As we can see, the environmental 
burden has begun to manifest, but the process of imple-
menting necessary measures is progressing slowly. E-liq-
uids and e-cigarette waste are subject to hazardous waste 
regulations.[65] The material composition of e-cigarettes 
is more akin to that of a smartphone than a traditional 
cigarette. In the current e-cigarette market, some brands 
remain silent regarding the disposal of their products. 
Although some companies are working on recycling e-
waste as part of their producer responsibility, the process 
remains difficult for consumers. One initiative taken by 
companies includes a disposal plan called “green cig-
arettes.” In this waste disposal plan, consumers were 
asked to mail in 80 e-liquids of any type or brand in ex-
change for reward points. Another plan involves the e-
cigarette company establishing recycling points where 
e-cigarette batteries are collected. While this practice is 
primarily concentrated in large metropolitan areas, it is 
essential for effective waste disposal.[27]

Article 18 of the WHO Framework Convention on 
Tobacco Control (FCTC) addresses the environmental 
hazards of tobacco. The article states that the parties 
“agree to pay due regard to the protection of the envi-
ronment about the cultivation and manufacture of to-
bacco in their territories, and to human health about the 
environment.”[72] In addition, various policies have been 
proposed to ensure that the tobacco industry is held ac-
countable for the environmental damage caused by its 
products. The WHO has stated that the MPOWER pol-
icy package (Monitor tobacco use, Protect people from 
tobacco smoke, Offer help to quit, Warn about the dan-
gers of tobacco, Enforce bans on advertising, and Raise 
taxes), which supports the implementation of FCTC poli-
cies, can be utilized to reduce the environmental dam-
age caused by tobacco.[73] It is recommended that this 
approach be extended to include e-cigarettes and that 
countries where e-cigarettes are sold should take action. 
In this context, several measures can be taken, particu-
larly in countries where the sale and use of e-cigarettes 
are prohibited. These measures include the following:Ta
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•	 Collection of data on e-cigarette use,

•	 Preparation of disposal procedures and guidelines for 
e-cigarette waste and development of international 
cooperation, 

•	 Prioritizing environmental sustainability in the dis-
posal of e-cigarette waste,

•	 Supporting research on the environmental impacts of 
e-cigarettes and waste disposal and allocating funds 
for research,

•	 Ensuring the establishment of e-cigarette waste man-
agement units and developing programs with local 
governments,

•	 Strict supervision of e-cigarette manufacturers and 
the introduction of stringent product regulations,

•	 Establishing standards for the design of e-cigarettes 
to facilitate easier recycling and proper disposal by 
manufacturing companies,

•	 Developing programs for manufacturers to buy back 
used products while selling new ones,

•	 Involving companies in the disposal process and in-
troducing significant obligations,

•	 Providing training on the environmental impacts of 
e-cigarettes and incorporating this topic into school 
curricula.

Sustainable development is defined as “development 
that meets the needs of present generations while not 
jeopardizing the ability of future generations to meet 
their needs.”[74] The SDGs demonstrate that health can-
not be considered in isolation from other factors, includ-
ing the environment. Within the SDGs targeted for 2030, 
based on the principles of sustainable development, it is 
crucial to accelerate the creation of policies for the dis-
posal of e-cigarette waste. E-cigarette waste occupies a 
significant place among e-waste, directly impacting the 
goals of good health and well-being, clean water and 
sanitation, climate action, life below water, and life on 
land. It is viewed as a growing problem for the future. By 
2030, countries striving to achieve the SDGs should in-
corporate the environmental damage caused by tobacco 
into their strategies for achieving these goals and adopt 
regulations that mandate extended producer responsi-
bility, including for e-cigarettes.[68]

Authorship Contributions
Concept – İ.H.C., G.G.; Design – İ.H.C., G.G.; Supervi-
sion – İ.H.C.; Data collection &/or processing – İ.H.C., 
G.G.; Analysis and/or interpretation – İ.H.C., G.G.; Lit-
erature search – İ.H.C., G.G.; Writing – İ.H.C., G.G.; Crit-
ical review – İ.H.C., G.G.

Conflicts of Interest
There are no conflicts of interest.

Use of AI for Writing Assistance
No AI technologies utilized.

Financial Support and Sponsorship
Nil.

Peer-review
Externally peer-reviewed.

References

1.	 World Health Organization. (2022). Tobacco: Poisoning our 
plant. Available at: https://www.who.int/publications/i/
item/9789240051287. Accessed Jan 22, 2024.

2.	 Curtis C, Novotny TE, Lee K, Freiberg M, McLaughlin I. Tobacco 
industry responsibility for butts: a Model Tobacco Waste Act. Tob 
Control 2017;26(1):113−7.[CrossRef]

3.	 Novotny TE, Lum K, Smith E, Wang V, Barnes R. Cigarettes butts 
and the case for an environmental policy on hazardous cigarette 
waste. Int J Environ Res Public Health 2009;6(5):1691−705. [CrossRef]

4.	 Pourchez J, Mercier C, Forest V. From smoking to vaping: a new en-
vironmental threat? Lancet Respir Med 2022;10(7):e63−4. Erratum 
in: Lancet Respir Med 2023;11(7):e68. [CrossRef]

5.	 Wang TW, Gentzke AS, Neff LJ, Glidden EV, Jamal A, Park-Lee E, 
et al. Disposable E-Cigarette Use among U.S. Youth - An Emerging 
Public Health Challenge. N Engl J Med 2021;384(16):1573−6. [CrossRef]

6.	 Smith MJ, MacKintosh AM, Ford A, Hilton S. Youth’s engagement 
and perceptions of disposable e-cigarettes: a UK focus group study. 
BMJ Open 2023;13(3):e068466. [CrossRef]

7.	 U.S. Food and Drugs Administration. FDA Notifies Com-
panies, Including Puff Bar, to Remove Flavored Disposable 
E-Cigarettes and Youth-Appealing E-Liquids from Market 
for Not Having Required Authorization (2020). Available at: 
https://www.fda.gov/news-events/press-announcements/
fda-notifies-companies-including-puff-bar-remove-flavored- 
disposable-e-cigarettes-and-youth. Accessed Jan 22, 2024.

8.	 Merecz-Sadowska A, Sitarek P, Zielinska-Blizniewska H, Mali-
nowska K, Zajdel K, Zakonnik L, et al. A Summary of In Vitro and In 
Vivo Studies Evaluating the Impact of E-Cigarette Exposure on Liv-
ing Organisms and the Environment. Int J Mol Sci 2020;21(2):652.

9.	 Beutel MW, Harmon TC, Novotny TE, Mock J, Gilmore ME, Hart 
SC, et al. A Review of environmental pollution from the use and 
disposal of cigarettes and electronic cigarettes: Contaminants, 
sources, and impacts. Sustainability 2021;13(23):12994. [CrossRef]

10.	 Krause, M. Townsend, T.G. Hazardous waste status of discarded 
electronic cigarettes. Waste Manag 2015;39:57−62. [CrossRef]

https://doi.org/10.1136/tobaccocontrol-2015-052737
https://doi.org/10.3390/ijerph6051691
https://doi.org/10.1016/S2213-2600(23)00227-8
https://doi.org/10.1056/NEJMc2033943
https://doi.org/10.1136/bmjopen-2022-068466
https://doi.org/10.3390/ijms21020652
https://doi.org/10.1016/j.wasman.2015.02.005


Eurasian Journal of Pulmonology - Volume 26, Issue 3, September-December 2024154

Cansever and Göney: Environmental burden of electronic cigarettes

11.	 Lerner CA, Sundar IK, Watson RM, Elder A, Jones R, Done D, et 
al. Environmental health hazards of e-cigarettes and their compo-
nents: Oxidants and copper in e-cigarette aerosols. Environ Pollut 
2015;198:100−7. [CrossRef]

12.	 Chang H. Research gaps related to the environmental impacts of 
electronic cigarettes. Tob Control 2014;23(Suppl 2):ii54−8. [CrossRef]

13.	 Dautzenberg B, Bricard D. Real-Time Characterization of E-
Cigarettes Use: The 1 Million Puffs Study. J Addict Res Ther 
2015;6(2):229. [CrossRef]

14.	 European Commission: Directorate-General for Communication 
and Directorate-General for Health and Food Safety. Attitudes 
of Europeans towards tobacco and electronic cigarettes – Report, 
European Commission, 2021. Available at: https://data.europa.
eu/doi/10.2875/490366 Accessed Nov 1, 2024.

15.	 Birdsey J, Cornelius M, Jamal A, Park-Lee E, Cooper MR, Wang J, et 
al. Tobacco Product Use Among U.S. Middle and High School Stu-
dents - National Youth Tobacco Survey, 2023. MMWR Morb Mortal 
Wkly Rep 2023;72(44):1173−82. [CrossRef]

16.	 Aherrera A, Aravindakshan A, Jarmul S, Olmedo P, Chen R, Co-
hen JE, et al. E-cigarette use behaviors and device characteristics 
of daily exclusive e-cigarette users in Maryland: Implications for 
product toxicity. Tob Induc Dis 2020;18:93. [CrossRef]

17.	 Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. 
Characteristics, perceived side effects and benefits of electronic cig-
arette use: a worldwide survey of more than 19,000 consumers. Int 
J Environ Res Public Health 2014;11(4):4356−73. [CrossRef]

18.	 World Economic Forum. A new circular vision for electronics: Time 
for a global reboot. 2019. Available at: https://www3.weforum.
org/docs/WEF_A_New_Circular_Vision_for_Electronics.pdf Ac-
cessed Nov 1, 2024.

19.	 BRS Secretariat. Don’t Let it Go to Waste. Basel, Rotterdam, Stockholm 
(BRS) Conventions Media Hub. Available at: https://www.brsmeas.
org/MediaHub/Campaigns/Don%E2%80%99tLetitGotoWaste/
tabid/9332/language/en-US/Default.aspx. Accessed Jan 23, 2023.

20.	 Parker TT, Rayburn JA. A comparison of electronic and traditional 
cigarette butt leachate on the development of Xenopus laevis em-
bryos. Toxicol Rep 2017;4:77−82. [CrossRef]

21.	 Sönmez Ö, Kara HV, Akçay Ş, Taşdemir ZA, Cirit B, Bilir N. Dünya 
Tütünsüz Günü 2022. STED 2022;31:43−6. 

22.	 Kang DH, Chen M, Ogunseitan OA. Potential environmental and 
human health impacts of rechargeable lithium batteries in elec-
tronic waste. Environ Sci Technol 2013;47(10):5495−503. [CrossRef]

23.	 Torkashvand J, Farzadkia M. A systematic review on cigarette butt 
management as a hazardous waste and prevalent litter: Control and 
recycling. Environ Sci Pollut Res Int 2019;26(12):11618−30. [CrossRef]

24.	 Ramirez JEM, Karim ZA, Alarabi AB, Hernandez KR, Taleb ZB, 
Rivera JO, et al. The JUUL E-Cigarette Elevates the Risk of Throm-
bosis and Potentiates Platelet Activation. J Cardiovasc Pharmacol 
Ther 2020;25(6):578−86. [CrossRef]

25.	 Kim MD, Chung S, Dennis JS, Yoshida M, Aguiar C, Aller SP, et al. 
Vegetable glycerin e-cigarette aerosols cause airway inflammation 
and ion channel dysfunction. Front Pharmacol 2022;13:1012723.

26.	 Shamhuyenhanzva RM, Muposhi A, Hungwe DR. A downstream 
social norms approach for curtailing e-cigarette waste: Promising 
social marketing interventions from consumer interactions. Waste 
Manag Res 2023;41(7):1238−45. [CrossRef]

27.	 Hendlin YH. Alert: Public Health Implications of Electronic Ci-
garette Waste. Am J Public Health 2018;108(11):1489−90. [CrossRef]

28.	 Ngambo G, Hanna EG, Gannon J, Marcus H, Lomazzi M, Azari R. 
A scoping review on e-cigarette environmental impacts. Tob Prev 
Cessat 2023;9:30. [CrossRef]

29.	 Cromwell B, Mota LC, Levine M. Detection of Potentially Toxic Ad-
ditives in Electronic Cigarettes and Cigarette Flavourings. Analyti-
cal Letters 2020;53(9):1407−15. [CrossRef]

30.	 Green DS, Boots B, Olah-Kovacs B, Palma-Diogo D. Disposable e-ci-
garettes and cigarette butts alter the physiology of an aquatic plant 
Lemna minor (Lemnaceae). Sci Total Environ 2023;892:164457.

31.	 Olmedo P, Goessler W, Tanda S, Grau-Perez M, Jarmul S, Aherrera 
A, et al. Metal Concentrations in e-Cigarette Liquid and Aerosol 
Samples: The Contribution of Metallic Coils. Environ Health Per-
spect 2018;126(2):027010. [CrossRef]

32.	 Göney G. Electronic Cigarette (E-Cigarette) Using: Toxicological 
Aspects. Eurasian J Pulmonol 2017;19(1):1−7. [CrossRef]

33.	 World Health Organization. (2019). WHO report on the global to-
bacco epidemic Geneva: World Health Organization; 2019. Avail-
able at: http://www.who.int/tobacco/global_report/en/ Ac-
cessed Jan 22, 2024.

34.	 Papaefstathiou E, Stylianou M, Agapiou A. Main and side stream 
effects of electronic cigarettes. JEM 2019;238:10−7. [CrossRef]

35.	 Marynak KL, Gammon DG, Rogers T, Coats EM, Singh T, King BA. 
Sales of Nicotine-Containing Electronic Cigarette Products: United 
States, 2015. Am J Public Health 2017;107(5):702−5. [CrossRef]

36.	 Kari P. Vaping’s other problem: Are e-cigarettes creating a recy-
cling disaster? (2019). Available at: https://www.theguardian.
com/society/2019/aug/26/vapings-other-problem-are-e- 
cigarettes-creating-a-recycling-disaster Accessed Nov 1, 2024.

37.	 Bhattacharya S. Cultivation of essential oils. In: Preedy VR, editor. 
Essential Oils in Food Preservation, Flavour and Safety. San Diego, 
CA: Academic Press; 2016. p.19−29. [CrossRef]

38.	 Baran W, Madej-Knysak D, Sobczak A, Adamek E. The influence of 
waste from electronic cigarettes, conventional cigarettes and heat-
not-burn tobacco products on microorganisms. J Hazard Mater 
2020;385:121591. [CrossRef]

39.	 Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek 
J, et al. Levels of selected carcinogens and toxicants in vapour from 
electronic cigarettes. Tob Control 2014;23(2):133−9. [CrossRef]

40.	 Smith EA, Novotny TE. Whose butt is it? tobacco industry research 
about smokers and cigarette butt waste. Tob Control 2011;20 Suppl 
1(Suppl_1):i2−9. [CrossRef]

41.	 World Health Organization. (2017). Tobacco and its environmen-
tal impact: an overview. Geneva: Licence: CC BY-NC-SA 3.0 IGO. 
Available at: https://iris.who.int/handle/10665/255574 Accessed 
Jan 22, 2024. 

42.	 Goniewicz ML, Hajek P, McRobbie H. Nicotine content of electronic 
cigarettes, its release in vapour and its consistency across batches: 
regulatory implications. Addiction 2014;109(3):500−7. [CrossRef]

43.	 Nicotine. Material Safety Data Sheet. Available at: https://www.
sigmaaldrich.com/TR/en/sds/SIGMA/N3876?userType=unde-
fined. Accessed Jan 22, 2024.

44.	 Propylene glycol. Material Safety Data Sheet. Available at: https://
www.sigmaaldrich.com/TR/en/sds/sial/p4347?userType=unde-
fined. Accessed Jan 22, 2024. 

45.	 Polyethylene glycol 400. Material Safety Data Sheet. Available 
at: https://www.fishersci.se/chemicalProductData_uk/werc-
s?itemCode=10744381&lang=EN. Accessed Jan 23, 2024.

https://doi.org/10.1016/j.envpol.2014.12.033
https://doi.org/10.1136/tobaccocontrol-2013-051480
https://doi.org/10.4172/2155-6105.1000229
https://doi.org/10.15585/mmwr.mm7244a1
https://doi.org/10.18332/tid/128319
https://doi.org/10.3390/ijerph110404356
https://doi.org/10.1016/j.toxrep.2017.01.003
https://doi.org/10.1021/es400614y
https://doi.org/10.1007/s11356-019-04250-x
https://doi.org/10.1177/1074248420941681
https://doi.org/10.3389/fphar.2022.1012723
https://doi.org/10.1177/0734242X231160083
https://doi.org/10.2105/AJPH.2018.304699
https://doi.org/10.18332/tpc/172079
https://doi.org/10.1080/00032719.2019.1708922
https://doi.org/10.1016/j.scitotenv.2023.164457
https://doi.org/10.1289/EHP2175
https://doi.org/10.5152/ejp.2016.49358
https://doi.org/10.1016/j.jenvman.2019.01.030
https://doi.org/10.2105/AJPH.2017.303660
https://doi.org/10.1016/B978-0-12-416641-7.00003-1
https://doi.org/10.1016/j.jhazmat.2019.121591
https://doi.org/10.1136/tobaccocontrol-2012-050859
https://doi.org/10.1136/tc.2010.040105
https://doi.org/10.1111/add.12410


Eurasian Journal of Pulmonology - Volume 26, Issue 3, September-December 2024 155

Cansever and Göney: Environmental burden of electronic cigarettes

46.	 Vegetable Glycerin. Material Safety Data Sheet. Available at: https://
chemnovatic.com/MSDS/doc/CHEMNOVATIC_MSDS_Pharma-
ceutical%20Vegetable%20Glycerin_ENG.pdf. Accessed Jan 22, 2024.

47.	 Lithium-Ion Batteries. Material Safety Data Sheet. Available at 
https://www.farnell.com/datasheets/1935761.pdf. Accessed Jan 
22, 2024.

48.	 Lithium. Material Safety Data Sheet. Available at: https://www.
farnell.com/datasheets/1935761.pdf. Accessed Jan 22, 2024.

49.	 Led lamp. Material Safety Data Sheet. Available at: https://www.
satco.com/support/sdsClass/LED_Lamp.pdf. Accessed Jan 22, 
2024.

50.	 Arsenic. Material Safety Data Sheet. Available at: https://www.
sigmaaldrich.com/TR/en/sds/aldrich/202657?userType=unde-
fined. Accessed Jan 22, 2024.

51.	 Copper. Material Safety Data Sheet. Available at: https://bit.
ly/3AMN8sr Accessed Jan 22, 2024.

52.	 Nickel. Material Safety Data Sheet. Available at: https://www.
nano.pitt.edu/sites/default/files/MSDS/Metals/Ni-Nickel.pdf. 
Accessed Jan 22, 2024.

53.	 Lead. Material Safety Data Sheet. Available at: https://bit.ly/
3Z98fi5. Accessed Jan 22, 2024.

54.	 Iron. Material Safety Data Sheet. Available at: https://bit.ly/4fzELQm. 
Accessed Jan 22, 2024.

55.	 Silver. Material Safety Data Sheet. Available at: https://bit.ly/
4fwdy0S. Accessed Jan 22, 2024.

56.	 Mercury. Material Safety Data Sheet. Available at: https://bit.
ly/3UVl0dA. Accessed March 08, 2024.

57.	Cadmium. Material Safety Data Sheet. Available at: https://
bit.ly/3OcOU9q. Accessed Jan 22, 2024.

58.	 Selenium. Material Safety Data Sheet. Available at: https://bit.
ly/3AOQ2wX. Accessed Jan 22, 2024.

59.	 Barium. Material Safety Data Sheet. Available at: https://www.es-
pimetals.com/index.php/msds/46-Barium. Accessed Jan 22, 2024. 

60.	 Zinc. Material Safety Data Sheet. Available at: https://bit.ly/
3UW4lqk. Accessed Jan 22, 2024. 

61.	 Chromium. Material Safety Data Sheet. Available at: https://bit.
ly/48TdS7m. Accessed March 08, 2024.

62.	 Aluminium. Material Safety Data Sheet. Available at: https://
bit.ly/40T0iyW. Accessed March 08, 2024.

63.	 PVC. Material Safety Data Sheet. Available at: https://mon-
tachem.com/wp-content/uploads/2013/11/PVC-MSDS-English-
V1.1.pdf. Accessed Jan 22, 2024.

64.	 Chlorinated Polyethylene. Material Safety Data Sheet. Available at: 
https://esapolimer.com/CPE-MSDS.pdf. Accessed Jan 22, 2024.

65.	 EPA, (2015). Available at: https://rcrapublic.epa.gov/files/14850.
pdf Accessed March 08, 2024.

66.	 Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda 
KN. Toxicity, mechanism and health effects of some heavy metals. 
Interdiscip Toxicol 2014;7(2):60−72. [CrossRef]

67.	 Priya A, Hait S. Toxicity characterization of metals from various 
waste printed circuit boards. Process Safety and Environmental 
Protection 2018;116:74−81. [CrossRef]

68.	 Hendlin YH, Bialous SA. The environmental externalities of to-
bacco manufacturing: A review of tobacco industry reporting. Am-
bio 2020;49(1):17−34. [CrossRef]

69.	 Eilperin J. FDA Delays Enforcement of Stricter Standards 
for E-cigarette, Cigar Industry. Washington Post, May 2, sec. 
Politics. https://www.washingtonpost.com/politics/fda-
suspends-enforcement-of-stricter-standards-for-e-cigarette-cigar- 
industry/2017/05/02/be7e557a-2ed6-11e7-9534-00e4656c22aa_
story.html Accessed Nov 1, 2024.

70.	 Centers for Disease Control and Prevention. (2013). Electronic Ci-
garette Use Among Middle and High School Students - United 
States 2011-2012, https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm6235a6.htm 

71.	 Mock J, Hendlin YH. Notes from the Field: Environmental Contam-
ination from E-cigarette, Cigarette, Cigar, and Cannabis Products at 
12 High Schools - San Francisco Bay Area, 2018-2019. MMWR Morb 
Mortal Wkly Rep 2019;68(40):897−9. [CrossRef]

72.	 World Health Organization. (2003) WHO Framework Convention 
on Tobacco Control. https://treaties.un.org/doc/source/Recen-
tTexts/FCTC_en.pdf Accessed Nov 1, 2024.

73.	 Bialous SA. Using MPOWER policies to address tobacco impact on 
the environment. Rev Panam Salud Publica 2022;46:e184. [CrossRef]

74.	 World Commission on Environment and Development (1987). Re-
port of the world commission on environment and development: 
Our common future, https://sustainabledevelopment.un.org/
content/documents/5987our-common-future.pdf

https://doi.org/10.2478/intox-2014-0009
https://doi.org/10.1016/j.psep.2018.01.018
https://doi.org/10.1007/s13280-019-01148-3
https://doi.org/10.15585/mmwr.mm6840a4
https://doi.org/10.26633/RPSP.2022.184

