
Air pollution from vehicle emissions

Executive Summary
Air pollution from motor vehicle emissions (i.e., exhaust) can lead to negative public health and
environmental impacts that disproportionately impact children, seniors, urban residents and
people with existing lung and heart problems. The United States Environmental Protection
Agency (EPA) sets standards for allowable levels of certain air pollutants (e.g., carbon
monoxide, ozone) through the National Ambient Air Quality Standards (NAAQS). When a
particular air quality control region exceeds any portion of the NAAQS, the home state must
either submit a plan to reduce pollution or accept EPA sanctions such as highway funding
restrictions and/or emission offset requirements. In 2007, Missouri established the Gateway
Vehicle Inspection Program (GVIP) in response to NAAQS nonattainment in the St. Louis
Region (City of St. Louis; St. Louis, St. Charles, Franklin and Jefferson Counties). House Bill 661,
passed during the 2021 regular session and vetoed by the Governor, would have removed the
GVIP inspection and maintenance requirements for Franklin, Jefferson, and St. Charles
Counties.3,4 In October 2021, the Missouri Department of Natural Resources proposed a rule
change that would remove Franklin County from GVIP requirements due to emissions
reductions in the St. Louis region that offset higher emissions within Franklin County.

Science Highlights

● Pollutants from vehicle exhaust can cause a range of negative health consequences,
including lung and heart disease.

● Air pollutants regulated through the NAAQS are also known to cause harm to plants
and animals located in the polluted region.

● The St. Louis region is currently designated an NAAQS nonattainment area by the EPA,
which is attributed to the large number of vehicles and miles traveled in the area.

● Vehicle inspection and maintenance (I/M) programs allow regions to monitor and
respond to air pollutants released by cars. However, the frequency of emission testing
can lead to increased costs for individuals and businesses.

○ In Missouri, the emissions testing fee cannot exceed $24, and the safety
inspection fee cannot exceed $12.

● I/M programs in some states (e.g., AK, NJ) have been rescinded due to reduced levels of
NAAQS air pollutants. However, it is difficult to discern how much of this improvement
is due to I/M programs compared to other contemporaneous offset strategies and the
increasing prevalence of newer, lower emission cars over time.

Limitations

● Total reductions in regional emissions due to I/M have been overestimated in some
cases due to inappropriate modeling. At this point, there is not enough evidence to
understand how I/M programs impact larger health and environmental outcomes.

This community science note was prepared by the Missouri Local Science Engagement Network (LSEN), a partnership between MOST Policy
Initiative and the American Association for the Advancement of Science (AAAS) aimed to elevate science in policy conversations in Missouri. For
more info, contact Gabe Hamburg (g.hamburg@wustl.edu)} or MOST Policy Initiative- info@mostpolicyinitiative.org. This was prepared on 12/1/21.
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Research Background

Air pollution from vehicle emissions

Emissions from vehicle traffic are one of the primary contributors to air pollution, especially in
urban areas.1,2 The Clean Air Act authorizes the EPA to set National Ambient Air Quality
Standards (NAAQS) to set standards for the allowable levels of six common air pollutants:

● Ground-level ozone. Ground level ozone forms when pollutants from cars, power
plants, industrial boilers, and refineries react in the presence of sunlight.

● Particulate matter. Particulate matter (PM) is the mixture of solid particles and liquid
droplets in the air. Most PM forms from chemical reactions between other pollutants
(e.g., SO2) that are emitted from power plants and internal combustion engine vehicles.
Some PM is directly emitted from construction sites, fields, fires, and unpaved roads.

● Lead. Gasoline and diesel fuel used in motor vehicles no longer contain lead. The largest
current contributors to outdoor air lead pollution in the U.S. are aviation fuel, boilers
and process heaters, and metals processing (e.g., lead smelting).

● Sulfur dioxide. The largest primary source of SO2 air pollution is fossil fuel burning
from power plants and other industrial sources. In accordance with fuel standards,
sulfur content in gasoline and diesel is a relatively minor contributor to SO2 emissions.

● Carbon monoxide. In outdoor spaces, the primary sources of carbon monoxide are cars,
trucks and other machinery that burn fossil fuels. Carbon monoxide is of particular
concern in indoor spaces where it can reach highly concentrated levels.

● Nitrogen dioxide. Nitrogen dioxide is primarily created by vehicles, buildings and
equipment that burn fossil fuels, including cars, trucks and buses.

Nonattainment in Missouri

As of October 31, 2021, all counties in the St. Louis region (St. Louis City, Franklin, Jefferson, St.
Charles and St. Louis counties) were above the NAAQS for ground level ozone. Ozone
pollution in this region is classified as “marginal,” which represents a ground-level ozone
concentration between 0.071-0.081 ppm. Parts of Jefferson County are also above the NAAQS
for lead and SO2. Outside of the St. Louis region, parts of Iron, Dent and Reynolds counties are
over the NAAQS limit for lead. Portions of Jackson County and New Madrid County are over
the NAAQS limit for sulfur dioxide pollution.3

Health effects of NAAQS pollutants

Exposure to air pollutants can cause or worsen several respiratory problems (e.g., asthma,
chronic obstructive pulmonary disease, lung cancer).4 Ground-level ozone and NO2 exposure,
for example, can aggravate existing lung diseases (asthma, emphysema, chronic bronchitis), and
increase the frequency of asthma attacks.4 Similarly, short (5-10 minute) exposure to SO2 can
lead to lung damage, difficulty breathing, and worsened asthma.5 In addition to respiratory
problems, air pollution can also impact other vital organ systems, especially among people with
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pre-existing diseases. Lead, for example, can cause deficiencies to the nervous system, kidneys,
cardiovascular system, developmental and reproductive systems, and immune system.6 CO
exposure can reduce oxygen availability, which particularly affects people with existing
cardiovascular issues.7 The negative health effects associated with air pollution also have several
economic costs, including increased school and work absences and higher medical costs.8

High risk populations

Children are particularly at-risk for the negative effects of air pollution because their organs are
are still developing.4 In children, lead may produce learning problems, slowed growth,
hyperactivity, hearing problems, and anemia.4,7 Lead can also increase the likelihood of
miscarriages, premature births, and low birthweights.4,7 Children are also susceptible to lung
dysfunction due to ground-level ozone, as well as premature death due to PM exposure.4 Other
at-risk populations include elderly individuals, those with pre-existing medical conditions and
those who are exposed to chronically high levels of pollution (e.g., outside workers, those living
close to highways). The cardiovascular, immune, and reproductive deficiencies from lead
exposure, for example, are most prevalent in older adults.4,7

Environmental effects of NAAQS pollutants

In sensitive plants, ozone and lead emissions cause photosynthesis reductions and slowed
growth.8,9 Ozone emissions are also associated with an increased risk of plant disease, insect
damage, other pollutant effects, and severe weather harm.8 Such effects can lead to loss of
species diversity and changes to habitat quality, linked to increasing the prevalence of emerging
infectious diseases.8,9 Lead emissions may also neurologically damage vertebrates.8,9 There is
also evidence that lead decreases soil microbial activity.8,9 PM, SO2, and NO2 emissions can also
contribute to acid rain.9 Acid rain leaches aluminum from the ground into lakes and streams,
which increases death among aquatic animals. Acid rain also kills trees, crops, decreases
ecosystem diversity, and depletes soil of nutrients. Because some of the effects of acid rain only
occur in the presence of bodies of water, it is likely that the large-scale ecological impacts of acid
rain in Missouri would be less severe than in coastal states.

Vehicle Inspection & Maintenance (I/M) Programs in the United States

Vehicle inspection and maintenance (I/M) programs are a commonly used tool to reduce motor
vehicle air pollution by identifying and repairing high-emission vehicles. About half of U.S.
states operate a vehicle inspection and maintenance (I/M) program in at least one region within
the state (Figure 1).10 In 2018, United States I/M programs identified 3.5 million vehicles (5% of
all vehicles inspected) with high emissions. Over 75% of these vehicles were repaired to reduce
emissions. Some states offer waivers to exempt some failing vehicles if the repairs would
constitute a significant hardship to the owner.10 The EPA currently uses the MOtor Vehicle
Emission Simulator (MOVES) to estimate motor vehicle emissions across a region and the
magnitude of the impact of I/M programs in different areas. In some states with I/M programs
(e.g., AK, NJ), the EPA has approved program discontinuation due to reduced levels of NAAQS
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air pollutants.11,12 However, there is not sufficient evidence to determine the relative impact of
I/M programs compared to other simultaneous offset strategies and the increasing prevalence
of newer, lower emission cars over time.

Figure 1. Vehicle I/M programs in the United States. Green regions represent air quality regions that currently operate an I/M
program, as of October 2021.

In 2007, Missouri established the Gateway Vehicle Inspection Program (GVIP) in response to
NAAQS nonattainment in the St. Louis Region (City of St. Louis, St. Louis County, St. Charles
County, Franklin County and Jefferson County). GVIP standards require that the emissions
testing fee cannot exceed $24, and the safety inspection fee cannot exceed $12. In November
2019, the Missouri Department of Natural Resources’ Air Pollution Control Program submitted
an I/M revision plan to the EPA, requesting that Franklin and Jefferson Counties be removed
from the GVIP requirements. During the 2021 regular session, the Missouri General Assembly
passed House Bill 661, which would have removed GVIP requirements in Franklin, Jefferson,
and St. Charles counties. The final fiscal note for HB 661 estimated that Missouri would lose $52
million in federal highway funds if Franklin, Jefferson and St. Charles counties were exempted
from the I/M program without EPA approval. The bill was ultimately vetoed by the Governor
and not put into statute. In October 2021, the Missouri Department of Natural Resources
proposed a rule change that would remove Franklin County from GVIP requirements due to
emissions reductions in the St. Louis region that offset higher emissions within Franklin
County.13
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