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Summary 

The numerous adverse health effects of ambient air pollutant exposures are now well 
documented in scientific literature. The air pollutants in outdoor air do not exist in isolation nor 
are they inhaled individually. Ambient air is a mixture of multiple pollutants including the 
commonly present criteria pollutants, which have the potential to interact with one another 
and influence their individual impacts on human health.  

The criteria air pollutant exposome, i.e. the totality of environmental exposures and their 
health impacts, includes multiple risk factors that potentially add to the health effects resulting 
from exposure to a specific pollutant. Non-chemical stressors, such as socioeconomic status 
and sociodemographic factors and preexisting health issues, add to the health impacts of 
criteria air pollutant exposures. Climate change is another major risk factor that impacts public 
health on its own and also imposes a penalty on conventional air pollutant exposure.  

Assessing the cumulative health impacts of all these stressors requires establishing the risk 
posed by each, quantifying that risk, and weighting the risk in regulating specific air pollutants. 
The problem with the current paradigm of criteria air pollutant control, i.e. setting health-based 
primary National Ambient Air Quality Standards (NAAQS) for the six individual pollutants 
without considering the health effects of co-pollutants, is that there can be adverse health 
impacts from co-exposures to these pollutants even if no individual pollutant exceeds its 
current standard. Cumulative impacts assessment also plays a role in the framing and use of the 
Air Quality Index (AQI) which is based on short-term primary NAAQS.  

In this paper we briefly discuss the state of scientific research in the assessment of cumulative 
health impacts of co-pollutant exposures as one of the multiple risk factors and the application 
of such assessments in regulatory policy and risk communication related to criteria air 
pollutants and their NAAQS determinations to better protect public health.  
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Ambient air is a complex mixture of multiple chemical pollutants which are not produced in 
isolation, nor are they inhaled in isolation. Among this mixture are criteria air pollutants (CAPs) 
such as nitrogen oxides (NOy), sulfur oxides (SOx), particulate matter (PM), and ozone and 
related photochemical oxidants (Ox) which are closely associated with each other due to the 
similarity of their emission sources (or those of their precursors) and of their adverse health 
impacts from both short-term and long-term exposures.i,ii It is now clear that non-chemical 
stressors such as preexisting morbidities, life stages, noise pollution, light pollution, economic 
status, education level, race and climate change are some additional risk factors that may 
amplify the health impacts of chemical air pollutant exposures.iii  

The criteria air pollutant exposome, i.e. the totality of environmental co-exposures and multiple 
risk factors that potentially add to the adverse health impacts of criteria air pollutant 
exposures, includes a large array of stressors. Cumulative impacts assessment is the 
consideration of the “totality of exposures to combinations of chemical and non-chemical 
stressors and their effects on health, well-being, and quality of life outcomes.”iv Such an 
assessment requires an “analysis, characterization, and possible quantification of the combined 
risks to health and/or the environment from multiple agents and/or stressors”v, i.e. cumulative 
risk assessment (CRA).vi 

The Clean Air Act requires EPA to review and revise (as warranted by current science), at least 
once every five years, the National Ambient Air Quality Standards (NAAQS) for criteria air 
pollutants based on their health and welfare effects. Even though the “consideration of 
cumulative health impacts is consistent with the Act’s requirement to set standards at a level 
requisite to protect public health, could translate into a more accurate way to estimate risks, 
and could provide a tool for prioritization of emission reductions in the most heavily impacted 
communities,”vii EPA has historically focused on assessing the scientific evidence of the health 
effects of only one criteria pollutant at a time in determining its NAAQS without assessing the 
impacts of any other co-occurring risk factor. Cumulative impact assessment is also needed to 
ensure that the NAAQS meet the Act’s “margin of safety” requirement to protect vulnerable at-
risk subpopulationsviii which the courts have repeatedly affirmed and “have remanded NAAQS 
decisions to EPA for failure to adequately consider these groups or for failure to explain how 
the standards are adequate to protect their members.”ix  

Lack of consideration of cumulative impacts of multiple risk factors could likely result in weaker 
standards of criteria pollutants and run counter to the public health protection metric of 
primary NAAQS as laid out in the Clean Air Act. (Figure 1) 



Cumulative Health Impacts of Multipollutant Exposures in Criteria Air Pollutant Regulation – American Lung Association 

3 

 

Partial exposome of a criteria air pollutant. In the current framework of criteria air pollutants (e.g. O3 – ozone, 
PM2.5 – fine particulate matter, PM10 – coarse particulate matter, SO2 – sulfur dioxide, NO2 – nitrogen dioxide) 
regulation, EPA determines their primary National Ambient Air Quality Standards (NAAQS) based on the health 
impacts attributable solely to the single pollutant under consideration. However, multiple risk factors including the 
simultaneous co-exposure to multiple air pollutants could add to the health burden of criteria air pollutant 
exposures. Consideration of the cumulative health impacts of various chemical and non-chemical stressors is 
needed to accurately determine NAAQS that are truly protective of public health. The Air Quality Index (AQI), a 
public health risk communication tool based on short-term NAAQS of the CAPs could be made more effective if 
cumulative impact assessment were included in its framework as well.  

Qualitative and quantitative assessment of cumulative impacts is complex because of the many 
categories of different stressors and the paucity of policy-relevant data on most of them.x In 
2012, EPA staff noted that there is no agency-wide policy for considering the various “chemical, 
biologic, radiologic, physical, and psychologic stressors” that affect human health in decision-
making.xi This continues to be true today.  

Members of multiple scientific bodies have recommended additional research into and 
consideration of cumulative health impacts of multiple risk factors in EPA’s decision-making.xii 
In its 2022 consultation with EPA on cumulative impact assessments, the Science Advisory 
Board (SAB) recommended that the agency: a. “as a first step, determine geographic “hot 
spots” and narrow the initial scope to stressors present in those regions. Hot spots representing 
different parts of the country and different scales could be considered”, b. “identify the “lowest 
hanging fruit” (combinations of stressors for which we have the most information), the 
“greatest potential impact” (combinations of stressors for which we may not have enough 
information, but the evidence points to serious health impacts), and “of greatest concern” 
[combinations of stressors of greatest concern to community groups, experts (including 
environmental, health, and social scientists), and other stakeholders]. Peer-reviewed methods 
that have been previously used to assess multiple stressors are a good starting point.”xiii As the 
SAB recommended, EPA could turn to existing literature on mixed methods strategies that 
integrate quantitative and qualitative data in the holistic consideration of multiple risk factors 
and the assessment of cumulative impacts in environmental decision-making.xiv EPA could also 
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review the different components of cumulative impacts assessments, including the various risk 
factors, that are already considered individually in major environmental laws as well as in 
regulatory decisions at most levels of government.xv  

Among the chemical stressors, multipollutant co-exposures are important universal health risk 
factors whose cumulative health impacts need serious consideration in regulating ambient air 
pollution, such as in determining the NAAQS of criteria pollutants. “The parameters of the Clean 
Air Act, which govern the review of each NAAQS separately, have contributed to researchers 
often examining the health effects of exposure to individual criteria pollutants, rather than 
simultaneous exposure to multiple pollutants.”xvi Thus, the assessment of cumulative health 
impacts of multipollutant exposures in determining health-based primary NAAQS has been 
constrained by a limited availability of policy-applicable scientific data.xvii More than a decade 
ago, EPA staff scientists proposed transitioning to a multipollutant paradigm in the regulation of 
criteria air pollutants through the “adoption of a framework for multipollutant science and risk 
assessment that encompasses well-studied and ubiquitous air pollutants.”xviii This proposal was 
made to enable “an air quality management program that protects public health through a 
better understanding of the features of a complex air pollution mixture that are most 
deleterious to health.”xix  

In early 2023, EPA drafted a set of principles for evaluating cumulative risks in the regulation of 
toxic pollutants under the Toxic Substances Control Act (TSCA) “to examine risk to people from 
exposure to multiple chemicals with similar effects.”xx,xxi However, an equivalent is still wanting 
in the determination of health-based primary NAAQS for criteria pollutants. There is now 
increasing data on the impacts of co-pollutant mixtures on specific health endpoints associated 
with the exposure to a single criteria pollutant.xxii,xxiii,xxiv,xxv  

In 2023, EPA released draft guidelines for cumulative risks analysis (CRA) planning and a 
problem formulation approach to support risk management in the agency’s decision-making: 
“CRAs have been performed to inform decisions on some of the…NAAQS, (which) as standards 
for ambient air, reflect consideration of the cumulative concentrations of various pollutants in 
ambient air, which result from emissions from many sources.”xxvi However, this is true only for 
the human welfare-based secondary NAAQS, for which EPA considers the impacts of some of 
the criteria air pollutants cumulatively: “Cumulative ecological risk assessment has also been 
performed to inform NAAQS decisions, e.g., in assessing ecological risk associated with the co-
occurrence in ambient air of multiple oxides of sulfur and nitrogen.”xxvii  

By contrast, in the “Health Risk and Exposure” assessments for human health-based primary 
NAAQS, EPA considers the exposure risk and cumulative health impacts of only those groups of 
pollutants that are chemically- or physically-related to the individual criteria pollutants whose 
NAAQS are being reviewed, but not those of other groups.xxviii For example, the ozone NAAQS is 
set for ozone and related photochemical oxidants (collectively referred to as Ox) that co-occur 
with ozone in ambient air.xxix Ozone serves as the indicator species for the group, members of 
which share similar chemical profiles and are also likely to have similar health effects. Similarly, 
NO2 and SO2 serve as indicators of multiple oxides of nitrogen (NOy = NOx (reactive nitrogen 
oxides: NO + NO2) + NOz (other nitrogen oxides))xxx and sulfur (SOx) respectively for which 
these NAAQS are set. The NAAQS for particulate matter are set for groups of particulate 
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aerosols that are of similar physical size (fine particles - PM2.5 and coarse particles - PM10). “In 
the case of risk assessments for fine particulate matter, the assessment is of the whole mixture 
of fine particulate matter and reflects cumulative health risk associated with all particulate 
substances in ambient air that fall into the particle size class of interest.”xxxi The primary NAAQS 
reviews do not consider the cumulative impacts of any of these groups in the context of 
exposure to other chemical stressors, such as the other groups of pollutants regulated by the 
NAAQS.  

The importance of assessing cumulative impacts of co-pollutants was also underscored in the 
recommendations of recent CASAC panels: “A recurring shortfall of virtually all NAAQS reviews 
has been the lack of acceptance and strategy to address multi-pollutant co-exposures… Based 
on both clinical and epidemiological research, other co-pollutants can serve to increase the 
impact or intensity of response... In the regulatory context of reviewing individual criteria 
pollutants under the Clean Air Act, one approach to address multi-pollutant exposures might be 
to consider other contaminants as potential risk factors that could elevate or decrease 
exposure risk”;xxxii “Consider the estimation of cumulative risk and impacts on health morbidity 
and mortality. There is increasing evidence that risk is cumulative and methods to estimate this 
risk are improving. In addition, the relationships between multiple exposures or co-pollutants, 
modifiers and outcomes (e.g., demographic, socioeconomic, built environment factors) should 
also be incorporated or acknowledged as sources of uncertainty”;xxxiii “ozone never exists in 
isolation; co-pollutant effects must be considered with different exposure models.”xxxiv An 
additional important recommendation was for EPA’s consideration of health endpoints 
cumulatively by focusing on “the combined strength of identified negative health outcomes 
across several organ system indices (respiratory, cardiovascular, neurologic, reproductive, 
metabolic)” instead of on “individual organ system uncertainties.”xxxv  

In recent NAAQS reviews, the issue of multipollutant exposure was also raised in the context of 
weighting different types of health research data in making causal determinations. In arguing to 
weight epidemiological data more than data from experimental dose-response/controlled 
human exposure (CHE) chamber studies because the latter are “not conservative enough to 
protect at-risk populations,” CASAC panels and also public health advocates noted one inherent 
limitation of CHE studies: that they involve exposure to a single pure pollutant, which may 
underestimate or miss the effects of other pollutants realistically present in ambient air. “This is 
relevant for considering whether a potential alternative standard has an adequate margin of 
safety to protect these potentially at-risk populations.”xxxvi Application of an “adequate margin 
of safety” in protecting the multiple and diverse vulnerable groups requires a comprehensive 
assessment of the cumulative impacts of multiple risk factors that such groups experience that 
could increase the adverse health impacts of their CAP exposures. It also involves applying the 
precautionary principlexxxvii to protect these subpopulations, especially in cases of scientific 
uncertainties, by integrating the heterogeneity of their responses (relative to general 
population) to CAP exposures so they are protected to the same extent as the average 
population. 

The first systematic analysis of existing epidemiologic and experimental literature on 
multipollutant effects (as joint effects, effect measure modification, or interactions) on an array 
of cardiovascular outcomes was published in 2018 by EPA scientists.xxxviii Comparing the effects 
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of pairwise combinations of criteria pollutants (PM2.5 & O3, PM10 & NO2, NO2 & O3, PM & CO, 
CO & O3) relative to single pollutant exposures, they found evidence of O3 concentration 
modifying the effect of PM, with the PM and O3 combination providing “evidence for additivity, 
synergism, and/or antagonism depending on the specific health endpoint.” For other pollutant 
pairs, they found heterogeneous results and noted that “the limited number of studies 
inhibited making a conclusion about the nature of the relationship between pollutant 
combinations and cardiovascular disease.”  

In March 2024, EPA published a case study that seems to incorporate some of the SAB 
recommendations, a comparative analyses of quantified cumulative impacts of multiple criteria 
air pollutants on a specific health effect associated with changes in pollutant levels over 
time.xxxix Using a developmental multipollutant version of the Environmental Benefits Mapping 
and Analysis Program - Community Edition (BenMAP-CE),xl the study estimated the change in 
the number of pediatric asthma emergency department (ED) visits as a function of modeled 
changes in air pollution between 2011 and 2025 in Atlanta, Georgia, applying risk estimates 
from the 2014 study. The authors analyzed short-term exposures to both individual and 
combinations of criteria pollutants (O3, PM2.5, NO2, SO2, CO) that represent “shared properties 
or predefined sources” such as oxidant gases, power plant emissions, secondary pollutants, 
traffic emissions. The study found the estimated number of avoided asthma ED visits to be 
higher among multipollutant groups in which pollutant interaction terms were included, 
compared to that from single-pollutant models. This robust study underscores the importance 
of a multipollutant paradigm and the consideration of co-pollutant interactions for a more 
comprehensive assessment of health impacts in regulating individual criteria pollutants, 
compared to single-pollutant models. It also demonstrates that performing multipollutant 
health impact assessments in air quality regulation is appropriate, needed, and technically 
feasible.  

Comparative analyses of the impacts of single pollutant exposures and cumulative effects of 
copolluting criteria pollutants are needed to inform regulatory actions such as primary NAAQS 
determinations of the six individual criteria pollutants, in the implementation of these 
standards, and also in air quality risk communication, which is based on the primary NAAQS of 
the individual criteria pollutants.  

EPA’s Air Quality Index (AQI) is a public health risk communication tool used by state and local 
air agencies to inform their residents on daily air quality, generally accompanied with action 
alerts and air quality forecast information.xli In its current framework, the AQI covers the group 
of six criteria air pollutants, using the same scale for each of the individual pollutants to set 
levels of outdoor air quality and associated exposure risks. This scale is based on the pollutants’ 
respective short-term NAAQS, i.e. AQI value of 100 of any pollutant - which indicates moderate 
air quality - corresponds to the level of the short-term NAAQS of that pollutant.  

The AQI communicates health risks of exposure to only that single pollutant which is present at 
the highest level in ambient air on any given day, relative to the other pollutants in the group. 
Elevated levels of the other pollutants in the group do not prompt additional warnings. This 
maximum value single-pollutant AQI paradigm does not capture the cumulative health impacts 
of co-pollutants or other non-chemical stressors and may not convey the true public health risk 
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of exposures to “more complex air mixtures,” which are realistic representations of ambient air. 
Modifying the current AQI framework or adopting an aggregate air quality index that integrates 
cumulative risk factors and their cumulative health impacts could help gain efficiencies in 
protecting public health. EPA’s recent multipollutant study on co-polluting criteria pollutants 
that show “joint effects with interactions” to be similar to “sum of (the effects of) single 
pollutants”xlii warrant a review of the AQI structure so that the current AQI values are better 
aligned with multipollutant exposures.  

EPA recently announced that it is prioritizing cumulative impacts assessment in decision-making 
by funding research studies focusing on the Exposome or the Total Environment Framework: 
“build from the traditional risk assessment approach to include combinations of chemical and 
non-chemical stressors, changing climate, multiple health endpoints, community engagement, 
and mixed methods analytical approaches that incorporate both quantitative and qualitative 
data to inform decisions in the best interest of the community.”xliii Some nonprofit research 
organizations are also funding similar studies on cumulative impacts of multiple stressors and 
its translation into implementable strategies.xliv These research projects/programs focus on a 
broad and diverse group of stressors with the goal of addressing disproportionate 
environmental burden on specific communities in various agency actions related to air, water, 
and land. 

Focusing on one specific set of stressors in one specific regulatory domain could yield results 
that could be used in multiple policies. Air pollution, such as criteria air pollutant exposure, is a 
universal health hazard that affects everyone. Cumulative impacts of contemporaneous 
exposure to multiple criteria air pollutants can be assessed more easily than some of the non-
chemical stressors because of the relative ease of quantification of the health impacts of 
multipollutant exposures in the regulation of individual criteria air pollutants. Integrating 
impacts of contemporaneous exposure to multiple pollutants would be helpful in designing 
more effective air pollution policy interventions than the current single pollutant approach. To 
better understand the interactions between copollutants and accurately capture their 
cumulative health impacts, a more robust scientific evidence base is needed. Conducting policy-
applicable (“fit-for-purpose”) multipollutant research studies across different study types 
(epidemiological studies, animal toxicological studies, human exposure chamber studies, 
exposure modeling, etc.), refining existing multipollutant models, exploring new 
methodologies, conducting more case studies in different geographic and demographic 
contexts, etc. will fill the current data gaps and best inform the NAAQS process in ensuring 
public health protection from multipollutant exposures.  

In conclusion, consideration of cumulative health impacts of copollutant exposures is needed – 
in NAAQS determinations and in their implementation such as the Air Quality Index to 
communicate public health risk – to better protect human health from criteria air pollutants. 
Multipollutant exposures in which individual criteria pollutants are present at levels lower than 
their respective NAAQS could still be harmful to health because of their combined impacts. 
Data from policy-applicable scientific studies on cumulative impacts criteria air pollutant co-
exposures would help align primary NAAQS determination more accurately with exposure risks 
and afford better public health protection under the Clean Air Act. 
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