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ABSTRACT: The health impact of electric vehicles (EVs) is complex and multifaceted, encompassing reductions in air pollutants,
improvements in road safety, and implications for social equity. However, existing studies often provide fragmented insights, lacking
a unified framework to comprehensively assess these public health implications. This paper develops a comprehensive framework to
summarize the health outcomes of EVs in urban areas, where the health impacts are more pronounced due to higher levels of traffic
congestion and air pollution. Building on previous conceptual work that identified pathways linking general transportation and
health, our model illustrates how the characteristics of EVs influence public health through various pathways compared to traditional
transportation systems. Additionally, we address socioeconomic factors that introduce variability in EV-related health outcomes,
emphasizing the need to consider potential health disparities in policy and intervention development. This comprehensive approach
aims to inform holistic policies that account for the complex interplay between transportation, environment, and public health.

1. INTRODUCTION

The health impact of electric vehicles (EVs) is multifaceted.
While individual studies have examined specific aspects of the
health impact of EVs, such as the reduction of air pollutants
emissions, road safety” and social equity,” there is a lack of
integration and synthesis across different dimensions. There
remains a notable gap in the development of a complete and
unified analytical framework to comprehensively assess the
public health implications of EVs. As a result, existing research
often provides fragmented examinations into the health
implications of EVs, making it challenging to develop holistic
policies and interventions that account for the complex
interplay between transportation, environment, and public
health. We develop a framework summarizing the health
outcomes of EVs building on the existing studies on traditional
transportation and health.” We concentrate our discussion on
urban areas as those areas often experience higher levels of air
pollution due to traffic congestion,” making the health benefits
of EV more noticeable.

Figure 1 illustrates how EV characteristics impact public
health compared to traditional transportation. We identify four
key transportation elements, that is, vehicles, infrastructure,
energy, and terminals,” which shape EV adoption and its health
effects. These elements interact with each other and shape EV
adoption patterns, providing four crucial perspectives in
understanding the pathways linking EV and public health.
For instance, the energy used EVs is mainly from electricity, so
the EV improves public health compared to traditional vehicles
through reducing air pollution and greenhouse gas emissions
along the roads. Boxes 2—4 detail 15 pathways linking EVs and
public health, categorized by how EVs improve health
outcomes compared to traditional transportation. Box S
shows that socioeconomic status introduces variability in EV-
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related health outcomes, raising concerns about potential
health disparities.

2. EVS IN THE CONTEXT OF TRANSPORTATION

We first characterize electric vehicles relating to the four
elements of a transportation system, i.e., vehicle, way, energy,
and terminals, which affect public health through various
pathways. Their descriptions are as below.

2.1. Vehicle

EVs are vehicles fully or partially powered by electrical energy
stored in batteries or obtained from an external source, such as
a fuel cell, to power their propulsion systems. As vehicles, EVs
play a crucial role in transportation systems, offering mobility
independence and facilitating social inclusion by providing
individuals with the means to travel to work, access healthcare
services, engage in leisure activities, and participate in
community life.” However, like traditional vehicles, EVs also
pose certain challenges to public health, such as road injuries.”

2.2. Way

EVs offer a range of impacts in pathway itself and the
surroundings which includes elements such as pedestrians’
safety, the condition of the pathway infrastructure, and factors
like noise levels. They can contribute to the reduction of
transportation noise,” alleviate tailpipe emissions and oil
leaking,” and improve air quality along their routes.'’
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Figure 1. Impact of Electric Vehicle on Public Health. Notes: This figure depicts the model of how electric vehicles impact public health. Box 1
outlines four key aspects of EV adoption: vehicles, way, energy generation, and terminals (such as charging stations), which encompass various
pathways between EVs and public health. Boxes 2—4 classify the 15 pathways into four groups based on whether the health outcomes of EVs are
similar/better/worse compared to those of traditional vehicles. The effects of these pathways can vary depending on various factors listed in Box S,

leading to health disparities. The definitions for each path are listed in Appendix 1.

However, it is important to note that heavier EVs may pose an
increased risk of injuries in the event of crashes.'' Additionally,
the weight of these vehicles can accelerate tire wear,
consequently amplifying nonexhaust pollution and damage to
road infrastructure.'”

2.3. Energy

EVs can only be as green as the electricity used to power them.
On the one hand, EVs are supported by powerful batteries.
Challenges arise from battery production and disposal."> On
the other hand, the energy source used for electricity
generation plays a significant role in determining the full
chain environmental impact of EVs. Electricity generation for
EV charging can exacerbate traditional transportation’s

detrimental effects by increasing air pollution and greenhouse
14
gas emissions.

2.4. Terminals

The widespread of EV adoption depends on the availability of
and accessibility to charging infrastructure built at various
terminals. Transportation terminals, such as parking lots,
shopping centers, and residential units, are crucial sites for EV
charging infrastructure. Service areas along highways and major
roadways facilitate long-distance travel using EVs. The
characteristics of charging stations (location, charging speed,
etc.) can affect the route selection of EV trips, the range
anxiety of EV owners, and the appeal of EV ownership for both
local commuting and intercity journeys.

https://doi.org/10.1021/envhealth.4c00156
Environ. Health XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/10.1021/envhealth.4c00156?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/envhealth.4c00156?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/envhealth.4c00156?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/envhealth.4c00156?fig=fig1&ref=pdf
pubs.acs.org/EnvHealth?ref=pdf
https://doi.org/10.1021/envhealth.4c00156?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environment & Health

pubs.acs.org/EnvHealth

3. FIFTEEN PATHWAYS BETWEEN ELECTRIC
VEHICLES AND HEALTH

This section outlines 15 pathways illustrating how EV’s
characteristics influence health outcomes, considering factors
such as socioeconomic status, income levels, racial groups, and
the locations of EV infrastructures.

3.1. Similar to Traditional Vehicles

EVs fulfill their traditional role as a mode of transportation,
providing access to health facilities, enhancing physical activity,
and promoting mobility independence, similar to traditional
vehicles (see Figure 1, Box 2, Left side). These pathways
illustrate transportation impacts on health that are not specific
to EVs.

Transportations allow people to get access to health facilities
and more physical activity facilities, promoting opportunities
for exercise and wellness.” Transportations also allow people to
have mobility independence, which is vital for healthy aging,
mental well-being, and self-esteem.®

However, they are detrimental to health through intensifying
social exclusion, stress, and occupying green spaces (Figure 1
Box 2, Right side). Social exclusion from fear of public
transportation'” can contribute to poor health outcomes
through unhealthy lifestyles like smoking, excessive drinking,
poor diet, and lack of exercise.'® Stress from congestion,
searching for parking and charging stations, and interactions
with other drivers in traffic can result in anxiety, depression,
mental health-related QOL, substance use, unhealthy diet,
sleeplessness, heart disease, hypertension, etc.'””" Trans-
portation infrastructure can occupy green and blue spaces,
reducing mortality risk, improving cardiovascular and respira-
tory health, stress reduction, and enhancing mental health.*!

3.2. Reducing Detrimental Effect on Health

The adoption of EVs diminishes the negative health impacts
associated with traditional vehicles (Figure 1 Box 3). First,
EVs, being quieter than traditional vehicles, reduce noise levels
in urban areas”® and noise-induced health issues such as
cardiovascular diseases, diabetes, hypertension, obesity, sleep
disturbance, annoyance, cognitive impairment etc.® Second,
EVs with battery engines mitigate the impact of harmful
substances through avoiding the leakage of chemicals and
pollutants like oil leakage oils, gasoline, heavy metals, and
particulate matter released by traditional vehicles onto road
surfaces.” Third, EVs help mitigate the urban heat islands
(UHIs) effect by producing less exhaust heat than traditional
vehicles due to their high engine efliciency and reducing air
pollutants, such as ozone.'” The cooling environment can
reduce heat-related health risks, especially among kids and
older people.”

EVs represent a shift toward cleaner transportation, reducing
air pollution, such as NOx, particulate matter (PM), and
ozone, which can lead to respiratory diseases, cardiovascular
problems, and premature mortality.y"25 However, the EV
development can also increase air pollution due to electricity
generation and tire wearing, as discussed in the next section.

3.3. Increasing Detrimental Effect on Public Health

EVs can harm public health by increasing road injuries,
generating hazardous materials from battery production and
disposal, exposing people to EMFs, intensifying community
severance, raising emissions from coal-fired power plants, and
producing nonexhaust emissions from tire wear.

First, the production and disposal of lithium-ion batteries
(LIBs) in EVs increase harmful metals like lithium, chromium,
and cobalt in the environment, posing serious health risks,
including cancer.”® Metal extraction and battery manufactur-
ing, particularly when using nonrenewable energy, degrade the
environment and harm nearby communities.”” LIBs last 8—10
years, but less than 5% are recycled, with most ending up in
landfills, where they release toxic chemicals into the soil and
water."®> These impacts disproportionately affect low-income
and minority communities near mining operations.28

Second, EV charging introduces electromagnetic fields
(EMFs) from moving charged particles. Since EVs generally
have shorter range and longer charging times than fuel-efficient
internal combustion vehicles,” wireless power transfer (WPT)
is being developed to extend travel distances throu%h dynamic
charging, which generates EMFs during operation.3 However,
EMFs can harm health by inducing oxidative stress,’'
increasing miscarriage risk,32 and impairing cognitive perform-
ance, particularly in children.”

Third, the high weight of EVs raises safety concerns in
crashes and increases nonexhaust emissions. Electrified
drivetrains and large battery packs make EVs 4%—41% heavier
than traditional vehicles,”* leading to a 12% rise in passenger
fatalities for every 500-kg weight difference.”> The added
weight also heightens tire and road wear, boosting nonexhaust
emissions, particularly particulate matter (PM), which is linked
to respiratory diseases and premature death.>

Fourth, EVs increase electricity demand, leading to higher
emissions in coal-dependent areas, which diminishes their
environmental benefits. Coal combustion releases pollutants
like SO2, NOx, and PM, causing respiratory and cardiovascular
issues.”* These emissions can offset EV benefits, especially
during high coal usage seasons, where the positive impact is
moderate.””

Fifth, EVs can exacerbate community severance. First, the
locations of charging infrastructure influences EV travel
patterns. Wealthier areas tend to have higher EV adoption,
boosting a greater number of charging stations.'> Conversely,
disadvantaged communities where minorities and low-income
groups tend to concentrate, end up having fewer charging
stations, leading to less EV usage in those regions.’
Consequently, the benefits of EVs, such as reduced tailpipe
pollution, are less likely to reach these marginalized groups.”
It can also exacerbate the situation for low-income
neighborhoods nearby those coal plants in both ways: limited
access to EV benefits while in the meantime with heightened
health risks from increased pollution due to coal-powered
electricity generation.3’8

4. AN INEQUITABLE LANDSCAPE

The 15 pathways linking EVs and public health vary by socio-
economic factors and location, such as air quality, charging
infrastructure, and energy sources. While EVs can reduce
environmental injustice by lowering tailpipe pollution in areas
with poor air quality, benefits like improved air quality and
reduced noise pollution may not be evenly distributed.
Communities near highways, industrial zones, or urban
centers, often home to marginalized groups, face dispropor-
tionate pollution and health risks.

The transition to EVs can significantly improve public health
by reducing emissions in polluted areas.” Electrifying heavy-
duty vehicles can enhance air quality in areas where minority
groups typically reside.”” However, if not equitably imple-
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mented, EVs may worsen environmental injustice. High
upfront costs deter disadvantaged communities, leading to
continued use of older, polluting vehicles.”® Unequal access to
charging infrastructure leaves marginalized neighborhoods
underserved, hindering EV adoption and exacerbating range
anxiety.'®> Moreover, the environmental benefits of EVs depend
on the energy mix. In regions reliant on fossil fuels, especially
where minority communities live near emission sources like
coal plants, pollution and health risks increase, reflecting
environmental injustice.M’41

Bl APPENDIX 1
The definitions of 15 pathways are as follows:

e Access: Access to jobs, education, healthcare, public
transport, healthy food, and natural spaces.

e Mobility Independence: The ability to utilize various
transportation modes to access commodities, facilities,
and participate in activities independently.

e Physical Activity: Body movement which requires
energy expenditure. Physical inactivity contributes
significantly to the obesity epidemic and various
diseases.

e Social Exclusion: The consequence of accessibility
inadequacies and contributes to social isolation and
loneliness, that are each associated with negative health
outcome

e Occupy Green Spaces and Anesthetics: Occupying
publicly accessible land covered with vegetation.

e Stress: Car use stress comes from congestion, parking,
interactions with drivers, and safety worries, affecting
well-being.

e Urban Heat Islands: Urban spaces with greater surface
and air temperatures compared with surrounding areas.

e Noise: motorized vehicle sounds at levels that are
detrimental to health.

e Roadway Contamination: Chemical pollutants, such as
oil, heavy metals, and particulate matter, found on the
roadway surface.

e Air Pollution: Air pollution results from the emission
and dispersion of toxic substances in the air.

e Greenhouse Gas Emissions: Gases including carbon
dioxide (CO2), methane, nitrous oxide, and fluorinated
gases which trap heat in the atmosphere.

e Battery Production and Dispose: the manufacturing
and end-of-life management processes of EV batteries,
including their production, assembly, usage, recycling,
and disposal.

e Road Injuries: Death, injury, or disability caused by
motor vehicle crashes.

e Community Severance: The situation where trans-
portation infrastructure or traffic that divides places and
people, hindering access to goods, services, and
networks.

e Electro-magnetic fields (EMFs): An EMF is composed
of moving electrically charged particles. It is issue of
current concern in wireless power transfer to charge
EVs.

B AUTHOR INFORMATION
Corresponding Author

Kai Zhang — Department of Environmental Health Sciences,
College of Integrated Health Sciences, University at Albany,

State University of New York, Rensselaer, New York 12144,
United States; ® orcid.org/0009-0003-4554-7923;
Phone: 518-473-1821; Email: kzhang9@albany.edu

Authors

Chunyu Guo — Department of Social Science and Policy
Studies, School of Arts and Sciences, Worcester Polytechnic
Institute, Worcester, Massachusetts 01609, United States

Becky P. Y. Loo — Department of Geography, The University
of Hong Kong, Pok Fu Lam, Hong Kong, China

Kuishuang Feng — Department of Geographical Sciences,
University of Maryland, College Park, Maryland 20742,
United States; ® orcid.org/0000-0001-5139-444X

H. Oliver Gao — School of Civil and Environmental
Engineering, Cornell University, Ithaca, New York 14853,
United States; ® orcid.org/0000-0002-7861-9634

Complete contact information is available at:
https://pubs.acs.org/10.1021/envhealth.4c00156

Notes

The authors declare no competing financial interest.

Biography

Kai Zhang, MS, MA, PhD, is an Empire Innovation Associate
Professor in the Department of Environmental Health Sciences at the
University at Albany, State University of New York (SUNY). Dr.
Zhang is the awardee of the SUNY Empire Innovation Program in
2021. Dr. Zhang received a PhD degree in Environmental Health and
a MA degree in Statistics at the University of Michigan, and an MS
degree and a BS degree in Environmental Engineering from Tsinghua
and Southeast University in China, respectively. Dr. Zhang’s research
interest focuses on characterizing climate-related exposures, reducing
the human health effects associated with disasters, and exploring the
role of social and environmental stressors (air pollution, natural
environment, built environment, and green space) in relation to
chronic diseases. His expertise includes exposure science, air quality,
epidemiology, GIS, statistics, and data science. Dr. Zhang currently
serves as Associate Editor for Science of the Total Environment and
Journal of Exposure Science and Environmental Epidemiology. His
research has been featured in prestigious international journals,
including Nature Communication, Science Advances, Circulation,
Circulation Research, Environmental Health Perspectives, and Environ-
mental Science & Technology.

B ACKNOWLEDGMENTS

We appreciate the insights and suggestions provided by Dr. Joe
Zietsman at the Texas A&M Transportation Institute (TTIL).

https://doi.org/10.1021/envhealth.4c00156
Environ. Health XXXX, XXX, XXX—=XXX


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kai+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0009-0003-4554-7923
mailto:kzhang9@albany.edu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chunyu+Guo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Becky+P.+Y.+Loo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Kuishuang+Feng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5139-444X
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="H.+Oliver+Gao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-7861-9634
https://pubs.acs.org/doi/10.1021/envhealth.4c00156?ref=pdf
pubs.acs.org/EnvHealth?ref=pdf
https://doi.org/10.1021/envhealth.4c00156?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environment & Health

pubs.acs.org/EnvHealth

B REFERENCES

(1) Nopmongcol, U; Grant, J; Knipping, E.; Alexander, M,
Schurhoff, R;; Young, D.; Jung, J.; Shah, T.; Yarwood, G. Air Quality
Impacts of Electrifying Vehicles and Equipment across the United
States. Environ. Sci. Technol. 2017, 51 (5), 2830—2837.

(2) Karaaslan, E.; Noori, M.; Lee, J.; Wang, L.; Tatari, O.; Abdel-Aty,
M. Modeling the Effect of Electric Vehicle Adoption on Pedestrian
Traffic Safety: An Agent-Based Approach. Transp. Res. Part C Emerg.
Technol. 2018, 93, 198—210.

(3) Visa, M. A,; Camilleri, S. F.; Montgomery, A.; Schnell, J. L;
Janssen, M.; Adelman, Z. E.; Anenberg, S. C.; Grubert, E. A,; Horton,
D. E. Neighborhood-Scale Air Quality, Public Health, and Equity
Implications of Multi-Modal Vehicle Electrification. Environ. Res.:
Infrastruct. Sustainability 2023, 3 (3), 035007.

(4) Glazener, A.; Sanchez, K.; Ramani, T.; Zietsman, J.;
Nieuwenhuijsen, M. J.; Mindell, J. S.; Fox, M.; Khreis, H. Fourteen
Pathways between Urban Transportation and Health: A Conceptual
Model and Literature Review. J. Transp. Health 2021, 21, No. 101070.

(5) Rahman, M. M.; Najaf, P.; Fields, M. G.; Thill, J.-C. Traffic
Congestion and Its Urban Scale Factors: Empirical Evidence from
American Urban Areas. Int. . Sustain. Transp. 2022, 16 (5), 406—421.

(6) Loo, B. P. Y. Unsustainable Transport and Transition in China;
Routledge, 2018.

(7) Brown, V.; Diomedi, B. Z.; Moodie, M.; Veerman, J. L.; Carter,
R. A Systematic Review of Economic Analyses of Active Transport
Interventions That Include Physical Activity Benefits. Transp. Policy
(Oxf) 2016, 45, 190—208.

(8) Miinzel, T.; Schmidt, F. P.; Steven, S.; Herzog, J.; Daiber, A;
Serensen, M. Environmental Noise and the Cardiovascular System. J.
Am. Coll. Cardiol. 2018, 71 (6), 688—697.

(9) Hwang, H.-M,; Fiala, M. J.; Wade, T. L.; Park, D. Review of
Pollutants in Urban Road Dust: Part II. Organic Contaminants from
Vehicles and Road Management. International Int. J. Urban Sci. 2019,
23 (4), 445-463.

(10) Piracha, A.; Chaudhary, M. T. Urban Air Pollution, Urban Heat
Island and Human Health: A Review of the Literature. Sustainability
2022, 14 (15), 9234.

(11) Shaffer, B.; Auffhammer, M.; Samaras, C. Make Electric
Vehicles Lighter to Maximize Climate and Safety Benefits. Nature
2021, 598 (7880), 254—256.

(12) Bayham, J.; Burkhardt, J.; Coffman, M.; Hayashida, S.; La
Croix, S. Does Air Pollution Increase Electric Vehicle Adoption?
Evidence from US Metropolitan Areas, 2011—2018. J. Environ. Econ.
Polic. 2022, 11 (4), 438—462.

(13) Mrozik, W.; Rajaeifar, M. A; Heidrich, O.; Christensen, P.
Environmental Impacts, Pollution Sources and Pathways of Spent
Lithium-Ion Batteries. Energy Environ. Sci. 2021, 14 (12), 6099—6121.

(14) Holland, S. P.; Mansur, E. T.; Muller, N. Z.; Yates, A. J.
Distributional Effects of Air Pollution from Electric Vehicle Adoption.
J. Assoc. Environ. Resour. Econ. 2019, 6 (S1), S65—S94.

(15) Hennessy, E. M.; Azevedo, I. M. L. Emerging Environmental
Justice Issues at the Intersection of Transportation and Electricity
Systems. Prog. Energy 2024, 6 (3), 033003.

(16) Musich, S.; Wang, S. S.; Ruiz, J.; Hawkins, K.; Wicker, E. The
Impact of Mobility Limitations on Health Outcomes among Older
Adults. Geriatr. Nurs. (Minneap) 2018, 39 (2), 162—169.

(17) Heinen, E. The Impact of Crime and Crime-Related
Experiences, Worries, and Perceptions on Travel Behavior. Transp.
Res. Part F Traffic Psychol. Behav. 2023, 96, 265—284.

(18) Wang, F,; Gao, Y,; Han, Z,; Yu, Y.; Long, Z; Jiang, X; Wu, Y,;
Pei, B.; Cao, Y.; Ye, J.; et al. A Systematic Review and Meta-Analysis
of 90 Cohort Studies of Social Isolation, Loneliness and Mortality.
Nat. Hum. Behav. 2023, 7 (8), 1307—1319.

(19) Goyal, M.; Singh, S.; Sibinga, E. M. S.; Gould, N. F.; Rowland-
Seymour, A.; Sharma, R; Berger, Z,; Sleicher, D.; Maron, D. D,;
Shihab, H. M,; et al. Meditation Programs for Psychological Stress
and Well-Being: A Systematic Review and Meta-Analysis. JAMA Int.
Med. 2014, 174 (3), 357—368.

(20) Khoury, B.; Sharma, M.; Rush, S. E.; Fournier, C. Mindfulness-
Based Stress Reduction for Healthy Individuals: A Meta-Analysis. J.
Psychosom. Res. 20185, 78 (6), 519—528.

(21) Braubach, M.; Kendrovski, V.; Jarosinska, D.; Mudu, P.;
Andreucci, M. B,; Beute, F.; Davies, Z.; de Vries, S.; Glanville, J;
Keune, H. Green and Blue Spaces and Mental Health: New Evidence and
Perspectives for Action; WHO Regional Office for Europe:
Copenhagen, 2021. https://apps.who.int/iris/bitstream/handle/
10665/342931/9789289055666-eng.pdf.

(22) Tsoi, K. H.; Loo, B. P. Y.; Li, X;; Zhang, K. The Co-Benefits of
Electric Mobility in Reducing Traffic Noise and Chemical Air
Pollution: Insights from a Transit-Oriented City. Environ. Int. 2023,
178, No. 108116.

(23) Guo, C.; Lanza, K; Li, D.; Zhou, Y.; Aunan, K; Loo, B. P. Y;
Lee, J. K. W,; Luo, B.; Duan, X,; Zhang, W.; et al. Impact of Heat on
All-Cause and Cause-Specific Mortality: A Multi-City Study in Texas.
Environ. Res. 2023, 224, No. 115453.

(24) Anenberg, S.; Miller, J.; Henze, D.; Minjares, R. A Global
Snapshot of the Air Pollution-Related Health Impacts of Transportation
Sector Emissions in 2010 and 201S; International Council on Clean
Transportation: Washington, DC, 2019. https://theicct.org/wp-
content/uploads/2022/01/Global_health_impacts_transport_
emissions_2010-2015_20190226_1.pdf.

(25) Luo, Z; Wang, Y,; Lv, Z.; He, T.; Zhao, J.; Wang, Y.; Gao, F.;
Zhang, Z.; Liu, H. Impacts of Vehicle Emission on Air Quality and
Human Health in China. Sci. Total Environ. 2022, 813, No. 152658S.

(26) Parida, L.; Patel, T. N. Systemic Impact of Heavy Metals and
Their Role in Cancer Development: A Review. Environ. Monit. Assess
2023, 195 (6), 766.

(27) Mishra, P.; Apte, S. Geo-Environmental and Human Health
Impacts of Spent Lithium-Ion Battery Waste and Its Recycling: A
Critical Review. Int. ]. Environ. Waste Manag. 2023, 32 (3), 286—300.

(28) Small, D. S.; Firth, D. W.; Keele, L. J.; Huber, M.; Passarella,
M,; Lorch, S. A,; Burris, H. H. Surface Mining and Low Birth Weight
in Central Appalachia. Environ. Res. 2021, 196, No. 110340.

(29) Gao, Y.; Farley, K. B.; Ginart, A;; Tse, Z. T. H. Safety and
Efficiency of the Wireless Charging of Electric Vehicles. Proc. Inst.
Mech. Eng, Part D 2016, 230 (9), 1196—1207.

(30) Bi, Z.; Kan, T.; Mi, C. C,; Zhang, Y.; Zhao, Z.; Keoleian, G. A.
A Review of Wireless Power Transfer for Electric Vehicles: Prospects
to Enhance Sustainable Mobility. Appl. Energy 2016, 179, 413—425.

(31) Schuermann, D.; Mevissen, M. Manmade Electromagnetic
Fields and Oxidative Stress—Biological Effects and Consequences for
Health. Int. J. Mol. Sci. 2021, 22 (7), 3772.

(32) Li, D.-K;; Chen, H.; Ferber, J. R;; Odouli, R.; Quesenberry, C.
Exposure to Magnetic Field Non-Ionizing Radiation and the Risk of
Miscarriage: A Prospective Cohort Study. Sci. Rep. 2017, 7 (1),
17541.

(33) Pophof, B.; Burns, J.; Danker-Hopfe, H.; Dorn, H;
Egblomasse-Roidl, C.; Eggert, T.; Fuks, K; Henschenmacher, B,;
Kuhne, J.; Sauter, C.; et al. The Effect of Exposure to Radiofrequency
Electromagnetic Fields on Cognitive Performance in Human
Experimental Studies: A Protocol for a Systematic Review. Environ.
Int. 2021, 157, No. 106783.

(34) Amato, F.; Dimitropoulos, A.; Farrow, K,; Oueslati, W. Non-
Exhaust Particulate Emissions from Road Transport: An Ignored
Environmental Policy Challenge; OECD Publ.: Paris, France, 2020.

(35) Anderson, M. L.; Auffhammer, M. Pounds That Kill: The
External Costs of Vehicle Weight. Rev. Econ. Stud. 2014, 81 (2), 535—
S571.

(36) Tariq, S.; Mariam, A.; ul-Hag, Z.; Mehmood, U. Assessment of
Variability in PM2. 5 and Its Impact on Human Health in a West
African Country. Chemosphere 2023, 344, No. 140357.

(37) Schnell, J. L;; Peters, D. R;; Wong, D. C.; Lu, X;; Guo, H;
Zhang, H.; Kinney, P. L.; Horton, D. E. Potential for Electric Vehicle
Adoption to Mitigate Extreme Air Quality Events in China. Earths
Future 2021, 9 (2), No. e2020EF001788.

https://doi.org/10.1021/envhealth.4c00156
Environ. Health XXXX, XXX, XXX—=XXX


https://doi.org/10.1021/acs.est.6b04868?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.6b04868?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.6b04868?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.trc.2018.05.026
https://doi.org/10.1016/j.trc.2018.05.026
https://doi.org/10.1088/2634-4505/acf60d
https://doi.org/10.1088/2634-4505/acf60d
https://doi.org/10.1016/j.jth.2021.101070
https://doi.org/10.1016/j.jth.2021.101070
https://doi.org/10.1016/j.jth.2021.101070
https://doi.org/10.1080/15568318.2021.1885085
https://doi.org/10.1080/15568318.2021.1885085
https://doi.org/10.1080/15568318.2021.1885085
https://doi.org/10.1016/j.tranpol.2015.10.003
https://doi.org/10.1016/j.tranpol.2015.10.003
https://doi.org/10.1016/j.jacc.2017.12.015
https://doi.org/10.1080/12265934.2018.1538811
https://doi.org/10.1080/12265934.2018.1538811
https://doi.org/10.1080/12265934.2018.1538811
https://doi.org/10.3390/su14159234
https://doi.org/10.3390/su14159234
https://doi.org/10.1038/d41586-021-02760-8
https://doi.org/10.1038/d41586-021-02760-8
https://doi.org/10.1080/21606544.2022.2059015
https://doi.org/10.1080/21606544.2022.2059015
https://doi.org/10.1039/D1EE00691F
https://doi.org/10.1039/D1EE00691F
https://doi.org/10.1086/701188
https://doi.org/10.1088/2516-1083/ad422e
https://doi.org/10.1088/2516-1083/ad422e
https://doi.org/10.1088/2516-1083/ad422e
https://doi.org/10.1016/j.gerinurse.2017.08.002
https://doi.org/10.1016/j.gerinurse.2017.08.002
https://doi.org/10.1016/j.gerinurse.2017.08.002
https://doi.org/10.1016/j.trf.2023.06.014
https://doi.org/10.1016/j.trf.2023.06.014
https://doi.org/10.1038/s41562-023-01617-6
https://doi.org/10.1038/s41562-023-01617-6
https://doi.org/10.1001/jamainternmed.2013.13018
https://doi.org/10.1001/jamainternmed.2013.13018
https://doi.org/10.1016/j.jpsychores.2015.03.009
https://doi.org/10.1016/j.jpsychores.2015.03.009
https://apps.who.int/iris/bitstream/handle/10665/342931/9789289055666-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/342931/9789289055666-eng.pdf
https://doi.org/10.1016/j.envint.2023.108116
https://doi.org/10.1016/j.envint.2023.108116
https://doi.org/10.1016/j.envint.2023.108116
https://doi.org/10.1016/j.envres.2023.115453
https://doi.org/10.1016/j.envres.2023.115453
https://theicct.org/wp-content/uploads/2022/01/Global_health_impacts_transport_emissions_2010-2015_20190226_1.pdf
https://theicct.org/wp-content/uploads/2022/01/Global_health_impacts_transport_emissions_2010-2015_20190226_1.pdf
https://theicct.org/wp-content/uploads/2022/01/Global_health_impacts_transport_emissions_2010-2015_20190226_1.pdf
https://doi.org/10.1016/j.scitotenv.2021.152655
https://doi.org/10.1016/j.scitotenv.2021.152655
https://doi.org/10.1007/s10661-023-11399-z
https://doi.org/10.1007/s10661-023-11399-z
https://doi.org/10.1504/IJEWM.2023.133591
https://doi.org/10.1504/IJEWM.2023.133591
https://doi.org/10.1504/IJEWM.2023.133591
https://doi.org/10.1016/j.envres.2020.110340
https://doi.org/10.1016/j.envres.2020.110340
https://doi.org/10.1177/0954407015603863
https://doi.org/10.1177/0954407015603863
https://doi.org/10.1016/j.apenergy.2016.07.003
https://doi.org/10.1016/j.apenergy.2016.07.003
https://doi.org/10.3390/ijms22073772
https://doi.org/10.3390/ijms22073772
https://doi.org/10.3390/ijms22073772
https://doi.org/10.1038/s41598-017-16623-8
https://doi.org/10.1038/s41598-017-16623-8
https://doi.org/10.1016/j.envint.2021.106783
https://doi.org/10.1016/j.envint.2021.106783
https://doi.org/10.1016/j.envint.2021.106783
https://doi.org/10.1093/restud/rdt035
https://doi.org/10.1093/restud/rdt035
https://doi.org/10.1016/j.chemosphere.2023.140357
https://doi.org/10.1016/j.chemosphere.2023.140357
https://doi.org/10.1016/j.chemosphere.2023.140357
https://doi.org/10.1029/2020EF001788
https://doi.org/10.1029/2020EF001788
pubs.acs.org/EnvHealth?ref=pdf
https://doi.org/10.1021/envhealth.4c00156?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environment & Health pubs.acs.org/EnvHealth

(38) Bai, B.; Wang, Y.; Xiong, S.; Ma, X. Electric Vehicle-Attributed
Environmental Injustice: Pollutant Transfer into Regions with Poor
Traffic Accessibility. Sci. Total Environ. 2021, 756, No. 143853.

(39) Garcia, E.; Johnston, J.; McConnell, R; Palinkas, L.; Eckel, S. P.
California’s Early Transition to Electric Vehicles: Observed Health
and Air Quality Co-Benefits. Sci. Total Environ. 2023, 867,
No. 161761.

(40) Camilleri, S. F.; Kerr, G. H.; Anenberg, S. C.; Horton, D. E. All-
Cause NO2-Attributable Mortality Burden and Associated Racial and
Ethnic Disparities in the United States. Environ. Sci. Technol. Lett.
2023, 10 (12), 1159—1164.

(41) Peters, D. R;; Schnell, J. L.; Kinney, P. L.; Naik, V.; Horton, D.
E. Public Health and Climate Benefits and Trade-offs of US Vehicle
Electrification. Geohealth 2020, 4 (10), No. e2020GH000275.

https://doi.org/10.1021/envhealth.4c00156
Environ. Health XXXX, XXX, XXX—XXX


https://doi.org/10.1016/j.scitotenv.2020.143853
https://doi.org/10.1016/j.scitotenv.2020.143853
https://doi.org/10.1016/j.scitotenv.2020.143853
https://doi.org/10.1016/j.scitotenv.2023.161761
https://doi.org/10.1016/j.scitotenv.2023.161761
https://doi.org/10.1021/acs.estlett.3c00500?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.estlett.3c00500?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.estlett.3c00500?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1029/2020GH000275
https://doi.org/10.1029/2020GH000275
pubs.acs.org/EnvHealth?ref=pdf
https://doi.org/10.1021/envhealth.4c00156?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

