
TYPE Review
PUBLISHED 12 September 2024| DOI 10.3389/fenvh.2024.1427495
EDITED BY

Rakesh Kumar,

Auburn University, United States

REVIEWED BY

Pawan Kumar Rose,

Chaudhary Devi Lal University, India

Sandhya Maurya,

Shri Ramswaroop Memorial University, India

Jyoti Kushawaha,

University of Delhi, India

*CORRESPONDENCE

David M. Reif

david.reif@nih.gov

RECEIVED 03 May 2024

ACCEPTED 13 August 2024

PUBLISHED 12 September 2024

CITATION

Osakwe NC, Motsinger-Reif AA and Reif DM

(2024) Environmental health and justice

screening tools: a critical examination and

path forward.

Front. Environ. Health 3:1427495.

doi: 10.3389/fenvh.2024.1427495

COPYRIGHT

© 2024 Osakwe, Motsinger-Reif and Reif. This
is an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with
these terms.
Frontiers in Environmental Health
Environmental health and justice
screening tools: a critical
examination and path forward
Nnamdi C. Osakwe1, Alison A. Motsinger-Reif2 and
David M. Reif3*
1Department of Biological Sciences, Bioinformatics Research Center, North Carolina State University,
Raleigh, NC, United States, 2Biostatistics and Computational Biology Branch, Division of Intramural
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This manuscript critically examines the landscape of public-facing web-based
environmental health (EH) and environmental justice (EJ) screening tools aimed
at mitigating environmental health crises that are involved in a substantial
percentage of deaths globally. These EJ/EH screening tools have proliferated
with the growth of publicly available data sources and computational advances
that have fueled novel analytics and have made strides toward democratizing
access to EJ/EH information impacting communities. The interactive, highly
visual analytics offered by some of these EJ/EH screening tools could help
address the role of environmental injustice in exacerbating environmental health-
related causes of mortality and enable affected communities to take a more
active role in EJ/EH efforts. Environmental injustice results from environmental
conditions that affect communities differently based on residents’ race, income
level, national origin, and level of participation in decision-making processes. We
survey existing EJ/EH screening tools and evaluate selected examples based on
parameters that include data availability, characterization of environmental
burden and vulnerability, evaluation of stressor levels, and interpretability of
environmental health and justice scores. This review highlights the unique
capabilities and limitations of EJ/EH screening tools used at the local
(US-Centric), national (US-Centric), and international levels. We then discuss
unmet needs and thematic limitations apparent in this survey, related to data
availability, relevancy of stressors, assignment of indicator weights, threshold
values for action and intervention, modeling robustness, and appropriate
community focus. The results underline the need for robust, accessible, and
community-centric EJ/EH screening tools that can effectively address the
unique environmental health burdens and vulnerabilities faced by
communities. We conclude with proposed strategies to enhance EJ/EH
screening tool development.

KEYWORDS

environmental health, environmental justice (EJ), cumulative impacts, social
determinants of health, citizen science (CS)

1 Introduction to environmental health/justice
modeling and hazard assessment

Environmental health (EH) and justice (EJ) crises are increasingly affecting

communities globally. According to the World Health Organization (WHO), 23% of

deaths globally can be attributed to environmental health-related causes (1). Air and

drinking water quality, waste management, access to healthcare, and building
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sustainability are many issues impacting communities.

Administrative oversight, mismanagement of resources,

inadequate policy measures, and failure to protect and maintain

environmental resources have resulted in a decline of ecosystem-

related infrastructure in many areas, including those used for

drinking water management (2), traffic, and neighborhood

walkability (3). Historically, developing and disadvantaged

nations bear the greatest burden of issues caused by the decline

of or limited infrastructure; however, in recent decades,

developed nations have also encountered EJ/EH challenges. Since

the 1960s, the United States has dealt with a growing number of

environmental health crises, with infamous cases in Warren

County, NC, Love Canal, NY, Flint, MI, and the Cape Fear River

basin in North Carolina (4–7). From the national level to the

census-tract level, innumerable inequities affect populations with

high levels of exposure and vulnerability to various

environmental stressors. These inequities result in

disproportionate levels of environmental health and quality in a

given population due to disparities in access to clean drinking

water, air quality, transportation, greenspace access, healthcare,

and a litany of other factors (8).

Overall, the issues that adversely affect some communities are

defined as environmental injustices. The United States Center for

Disease Control (CDC) defines environmental justice as:

…the fair treatment and meaningful involvement of all people,

regardless of race, color, national origin, or income, to

develop, implement, and enforce environmental laws,

regulations, and policies. This goal will be achieved when

everyone enjoys the same degree of protection from

environmental and health hazards, and equal access to the

decision-making process to live, learn, and work in a

healthy environment (9).

Communities where residents are adversely impacted by

environmental stressors such as Flint, MI and the Cape Fear River

basin of North Carolina, due to economic, political, and social

factors, are burdened or vulnerable communities in need of

deliberate environmental justice due to their disproportionate

exposure to environmental stressors. For the purposes of this

manuscript, the terms environmental health burdens and

environmental health vulnerabilities are used interchangeably to

mean any single or combination of stressors (e.g., environmental

and/or socioeconomic) that increase the likelihood of adverse public

health effects, hazards, and potential risk to exposed communities.

In response to the devastating effects of and public outcry over

environmental crises in the United States over the past two

decades, government entities have developed EJ/EH screening

tools to assist risk assessors and stakeholders with monitoring

stressors and to prevent future EJ crises. The advancement of

computational techniques and increasing availability of

environmental quality monitoring data has expedited the

development of EJ/EH screening tools in recent years. EJ/EH

screening tools allow users to monitor environmental stressors

and identify communities burdened by them. Some EJ/EH

screening tools have been instrumental in crafting policy,
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implementing efficient resource management measures, and

creating rehabilitation and revitalization plans for affected

communities (10–14). Despite these developments, EJ/EH

screening tools have limitations. The majority are not capable of

monitoring stressors specific to individual areas or local needs.

Most do not include reference values based on human health

guidelines, which are necessary to evaluate the severity of

monitored stressors. While helpful to monitor stressors and

alleviate EJ/EH issues, existing EJ/EH screening tools do not

always adequately address the needs of communities or potential

policy implications due to their limitations (15, 16).

In this manuscript, we survey EJ/EH screening tools,

categorizing them based on features and offerings they provide

for users. We evaluate EJ/EH screening tools for data availability

and accessibility, characterization of environmental burden and

vulnerability, evaluation of stressor levels, and interpretability of

EJ/EH scores. We evaluate representative EJ/EH screening tools

used at the local (US-Centric), national (US-Centric), and

international levels, highlighting capabilities and limitations. In

the next section, we outline the unmet needs of communities vis-

à-vis EJ/EH screening tools and the limitations of currently

available tools. We conclude with a discussion of challenges and

recommendations on ways to address and prioritize these concerns.

For the purposes of this manuscript, an EJ/EH screening tool is

defined as a methodology/framework that assesses the cumulative

effects of pollution, chemical exposures, environmental resource

management, socioeconomic instability, and other environmental

stressors on the overall health of communities using statistical

modeling and/or mapping/GIS techniques. We selected EJ/EH

screening tools currently in use that are supported by accessible

platforms, associated data, and active userbases.
2 Exemplar environmental health and
justice screening tools

Initiatives and goals aimed at improving environmental

sustainability require different EJ/EH screening tools and

associated capabilities based on the level of geographic focus (i.e.,

local, state, national, international). While most EJ/EH screening

tools are not intended for rigorous risk assessment or primary

justification of policy changes and regulatory practices, these

tools can effectively identify hazard disparities, burden,

vulnerabilities, and exposures that require remediation.

Furthermore, EJ/EH screening tools are valuable resources for

researchers, risk assessors, policymakers, and community

stakeholders who rely on timely and trustworthy information for

effective action. We provide an overview of currently available

exemplar EJ/EH screening tool that possess the traits necessary

for monitoring and screening EJ/EH impacts. The following

section separately evaluates the EJ/EH screening tools and

discusses limitations that need to be addressed for full realization

of their potential. Key themes discussed include environmental

health data and indicator availability, environmental burden risk

characterization, emphasis on cumulative impacts of

environmental stressors, and a concerted effort for community
frontiersin.org
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engagement and involvement pre/post EJ/EH screening tool

development. Table 1 presents the tools discussed organized by

their geographic level of focus.
2.1 International-level tools

International-level EJ/EH screening tools are primarily focused on

evaluating the performance of countries in their efforts to manage

environmental health and sustainability. Data availability constraints

can significantly affect international-level EJ/EH screening tools, as

the data available as inputs depend on the environmental

monitoring programs in place in individual countries, which vary

widely. Some input data for EJ/EH screening tools is taken from

reports evaluating progress toward meeting the standards or goals

in global agreements set by multinational entities such as the

United Nations (UN) or WHO. These commonly include goals on

water, sanitation and hygiene (WASH), air quality, and climate

action. As a result, the key function of most international-level EJ/

EH screening tools is in determining nation-level global standings

on EH and sustainability. The Yale Environmental Performance

Index (EPI) (17) and the Legatum Prosperity Index (LPI) (18) are

two examples of such a tool.
2.1.1 Yale’s Environmental Performance Index
2.1.1.1 Background
For the past 20 years, the EPI has taken a global approach to

measuring environmental quality and performance in accordance

with the UN Sustainable Development Goals (UN SDGs). A result

of a collaborative effort by the Yale Center for Environmental Law

and Policy and the Center for International Earth Science

Information Network (CIESIN) at Columbia University’s Earth

Institute, the EPI provides practical guidance and a framework

used by 180 countries to track their progress toward

environmental sustainability and ecosystem preservation. Updated

biennially, the EPI leverages 40 indicators that include factors for

policy objectives, environmental health and climate change, and

factors in several issue-based categories such as air quality,

sanitation, and water. EPI scores are based on the cumulative sum

of every included indicator, with each indicator weighted as a

percentage of the total EPI score. Each indicator’s contribution to

the total EPI score is displayed as a percentage that is equivalent

to its weight. Indicators focused on environmental health,

ecosystem vitality [i.e., agriculture, WASH, air quality, emissions,

water resources, and biodiversity factors], and climate change

strategies and efforts are the types of indicators used to calculate

each country’s EPI score. Furthermore, Yale EPI aggregates these

categories into three policy objectives: Environmental Health,

Ecosystem Vitality, and Climate Change.

2.1.1.2 Advantages
The EPI considers the effects of policy objectives, which highlights

gaps in governance and differences in social and economic factors

that affect nation-level EPI scores. To gauge EH values and quality,

thresholds comprising performance targets and values of interest

are used to determine whether individual indicators meet, miss, or
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exceed standards. Benchmark threshold values are determined

based on the recommendation from a three-part criterion that

include the following: 1. International sustainability and

environmental management agreements (i.e., UN SDGs, The Paris

Climate Agreement, and the Convention on Biological Diversity);

2. Domain expertise; and 3. Percentiles from good performing

country scores (i.e., 95th–99th percentile = good 1st–5th percentile =

bad). However, according to EPI developers, most of the

threshold values are based on percentile-based rank comparisons,

since specific values to gauge performance ratings for most

indicators are not specifically established by regulatory parties.

Fortunately, percentile-based thresholds for each indicator are not

only generated from the current EPI year’s report but from all

available data from all years for every country. Scores are calculated

for each country by first logarithmically transforming raw indicator

values to improve comparative analysis. Transformed data is then

inputted into a general formula for indicator scoring by leveraging

the distance to target approach. Using this approach, the difference

between a country’s indicator value and the given target

performance threshold is calculated and is divided by the difference

between the best performing country’s value and the worst

performing country’s value. This score is then rescaled to fit the

range between 0 and 100 (i.e., 100 = best performing nation, 0 =

worst performing) for a given indicator.

EPI reports are released on a biennial schedule and scoring

methodology and inclusion of additional indicators are also

updated. The update schedule enables a focus on continual

refinement of the scoring methodology and country ranking

procedures as new indicators and metrics can be added to

generate informative EPI scores. However, comparing EPI scores

across years can be problematic. Challenges in comparative trend

analysis arise because all data used in EPI are not collected and/

or monitored at consistent timeframes. Because of this, EPI does

not support annual reports of EPI. Despite such challenges, the

2022 EPI report includes backcast scores from the past ten years

along with the current year’s performance scores. For the policy

objectives, weights are specifically determined through robust

statistical analyses and are not equal. The reason for this is that

the Environmental Health policy objective’s metrics range in

greater magnitude compared to Ecosystem Vitality and Climate

Change and would impact overall EPI scores despite

contributions from the latter two policy objectives. Therefore, to

account for this issue, the Environmental Health, Ecosystem

Vitality, and Climate Change policy objectives are weighted 20%,

42%, and 38%, respectively. Weights for individual indicators and

categories vary based on data availability, statistical manipulation,

timeliness of data, and importance of select issues related to

environmental sustainability. The 2022 EPI report emphasizes

that users should not rely on weights as firm statements of

importance but rather as suggestions of significance. The Yale

EPI also provides a weighting explorer tool that allows users to

adjust indicator weights.

2.1.1.3 Limitations
Select indicators are measured in relation to health impacts (i.e.,

ozone, combustion of household fuel, unsafe drinking water, lead
frontiersin.org
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TABLE 1 Environmental justice/health screening tools table.

Name Data
sources

Indicator
categories

Indicators Health outcomes Score
metric

Geographic
level

Geospatial
focus

Baseline
indicator
included

Yale environmental
performance index

24 9 climate change
18 ecosystem vitality
13 environmental health

2 acid rain
7 air quality
2 agriculture
7 biodiversity and habitat
9 climate change
Mitigation and ecosystem services
3 fisheries
1 heavy metals
1 water resources
3 waste management
2 water and sanitation

Lead exposure DALY
Unsafe drinking water DALY
Unsafe sanitation DALY
Ozone health impacts DALY
Household solid fuel combustion health
Impacts DALY
Particulate matter health impacts DALY
Disability-adjusted life years

Yes International International Yes**

Legatum prosperity
index

79 4 inclusive society
4 open economies
4 empowered people

21 safety and security
24 personal freedom
42 Governance
14 social capital
26 Investment Environment
20 enterprise conditions
33 infrastructure and market access
19 economic Quality
29 health
18 education
24 natural environment
30 living conditions

Behavioral risk factors
Care systems
Longevity
Mental health
Physical health
Preventative interventions

Yes International International Yes

Climate and economic
justice screening tool

15 7 environmental burden
indicators
6 health vulnerability indicators
14 social vulnerability indicators

6 climate change
3 energy
4 health
5 housing
5 legacy pollution
4 transportation
2 water and wastewater
5 workforce development

Asthma
Diabetes
Heart disease
Life expectancy

Yes* National Census tract No

EnviroAtlas
536 Data Layers 287 ecosystem services and

biodiversity
84 people and built spaces
boundaries
165 pollution sources and impacts

37 built environment indicators
3 climate indicators
287 ecosystem services and
biodiversity indicators
39 environmental effects indicators
118 exposure indicators
5 health outcomes indicators
47 socioeconomic indicators

Ecosystem services and biodiversity
People and built spaces
boundaries
Pollution sources and impacts

No National 12-digit hydrological unit
Census tract
Census block group

No

EPA EJScreen
10 13 environmental

7 socioeconomic
13 EJ indexes
13 suppl. indexes

Life expectancy No National Census block group No

(Continued)
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TABLE 1 Continued

Name Data
sources

Indicator
categories

Indicators Health outcomes Score
metric

Geographic
level

Geospatial
focus

Baseline
indicator
included

CDC Environmental
justice index

9 17 environmental burden
6 health vulnerability
14 social vulnerability

17 environmental exposure
indicators
6 health outcomes
14 socioeconomic indicators

Asthma
Cancer
Diabetes
High blood pressure
Poor mental health

Yes National Census tract No

CalEnviroScreen
37 13 pollution burden

8 population characteristics
5 environmental effect indicators
8 exposure indicators
3 sensitive population indicators
5 Socioeconomic factor
indicators

Asthma
Heart disease
Life expectancy

Yes Statewide County
Census tract

No

Colorado EnviroScreen

25 15 health and social factors
20 pollution and climate
burden

4 climate vulnerability
6 demographics
7 environmental effects
9 environmental exposures
9 sensitive populations

Asthma hosp. rate
Heart disease
Birth weight
Life expectancy
Cancer prevalence
Diabetes prevalence
Mental health

Yes Statewide County
census tract
Census block group

No

Michigan MiEJScreen
15 14 environmental conditions

13 population characteristics
8 environmental effect indicators
6 exposure indicators
5 sensitive population indicators
8 socioeconomic factor
indicators

Asthma
Birth weight
Blood lead level
Cardiovascular disease
Life expectancy

Yes Statewide Census tract No

NC ENVIROSCAN

14 6 environmental
11 environmental justice
health outcomes
Sociodemographic

2 air quality indicators
11 EJScreen indices
4 health outcomes
4 water quality

COVID-19
Maternal/child health
Preterm birth
Respiratory health

No Statewide Census block group No
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exposure) regarding age-standardized disability-adjusted life years

(DALYs). As mentioned previously, to determine performance

thresholds for all indicators, most EPI indicator performance

thresholds are determined from percentile-based rank

comparison for countries that are poor performers vs. those that

are good performers. While each indicator’s performance

threshold is calculated from all available data for all years for a

given country, incorporating percentile-based threshold values

compared to human health-based guidance (HBGV) values or

reference values for specific indicators (i.e., ozone, PM2.5, unsafe

drinking water, lead exposure) limits the ability to fully

characterize specific health impacts and how well a country is

performing in regard to protecting human health. Given that the

Yale EPI calculates scores and ranks at the nation-level, some

environmental stressors that uniquely affect specific communities

and populations within a country are either: 1. Measured at a

broader geospatial resolution (i.e., national, regional), 2. Not

measured at a consistent rate (i.e., sporadic data collection

practices and/or not measured at all), and 3. Not included within

the scope of the EPI’s methodology. As a result, communities

within a given country that are disproportionately affected by

unique stressors compared to the rest of a country’s population

are simply unaccounted for when tracking environmental

performance. This is a salient limitation for both developing

and developed countries, as different communities within a

country often deal with differing levels of vulnerability to

exposures. This is evident with other EJ/EH screening tools

evaluated later in this manuscript.

2.1.2 The Legatum Prosperity Index 2023
2.1.2.1 Background
Developed by the Legatum Institute in 2007, the Legatum

Prosperity Index (LPI) is a framework for global leaders to best

evaluate the progress and current efforts towards managing the

sustainable economic, governmental, environmental and social

wellbeing of individual nation-states towards prosperity.

Prosperity is defined by the Legatum Institute as a state in which

all people are provided the chance for economic and social

empowerment in a sustainable and inclusive society. The LPI

provides a comprehensive ranking for 167 countries worldwide

and gauges their progress towards global prosperity annually.

The LPI can be categorized in three domains: 1. Inclusive

Societies, 2. Open Economies, and 3. Empowered People. Within

each domain there consists four distinct pillars for a total of 12

pillars, and across all pillars there are a total of 67 elements with

over 300 nation-level indicators that gauge aspects of country

performance ranging from governance, infrastructure, economic

quality, living conditions, and natural environment. Nation-level

indicators are chosen based on a selection criteria and insight

from a diverse spectrum of over 100 international experts and

advisors in each of the three domains. Indicators selected are

standardized using the distance to frontier approach, where

scales and units are transformed to fit a range of best cases and

worst cases for nation-level indicator performance. The LPI

employs the following weighting scheme of importance for

indicators in each LPI element: 0.5, 1, 1.5, 2; where 0.5 signifies
Frontiers in Environmental Health 06
that a given indicator is not as relevant in explaining prosperity

for a given element and 2 signifying that a given indicator is very

relevant in explaining prosperity for a given element. The LPI

elements are then weighted based on how important they are in

explaining the prosperity for a given LPI pillar. Indicator weights

for each LPI element are initially set based on the insight from

the collection of LPI advisors and the literature, and then based

on the statistical significance of an indicator in relation to

economic and social wellbeing based on productive capacity

measures and Cantril’s Ladder of Life Scale. For LPI pillars,

percentages are used as weights (e.g., 1%–99%) for each element

in each LPI pillar. LPI pillars and domains are all equally

weighted as being important in driving nation-level prosperity.

The LPI also provides specific scores for each element, pillar and

domain. LPI element scores are calculated by taking the average

of each weighted indicator score for a given LPI element. LPI

pillar scores are calculated similarly, by taking the average of

each weighted LPI element score to determine a given LPI pillar

score. LPI domain scores and the overall LPI score per country is

calculated by taking the average of the pillar scores for each LPI

domain and the average of the domain scores for a country’s LPI

score, respectively. Although the LPI focuses on sustainable social

and economic integrity, specific pillars and elements that focus

on environmental and social determinants of health provide

insight on how well these areas are managed on a global level.

Specifically, the Natural Environment and Health pillars that are

housed within the Empowered People domain.

The Natural Environment pillar focuses on the effect that the

physical environment has on current citizens and the potential

impacts on future generations. The Health pillar evaluates

behaviors and risk factors associated with human health, access

to healthcare services and resources, and the overall health and

wellbeing levels of citizens. The range of over 300 indicators used

across all elements within each pillar and domain category

demonstrate the LPI’s focus on providing a comprehensive

assessment of global progress and development. Within the

Natural Environment and Health pillars, a total of 53 indicators

are used to gauge the performance and quality of these categories

for each country. For the Health pillar, elements such as Physical

Health and Longevity, incorporate indicators that assess measures

for physical pain, blood pressure, non-communicable diseases,

and mortality at various life stages. The Natural Environment

pillar includes indicators related to wastewater treatment, nation-

level satisfaction with air quality, measures of various air

pollutants, and the health impacts associated with air pollution.

Furthermore, each LPI element and pillar has its own score,

providing individual insight on each country’s performance

regarding environmental and public health management

practices. Overall, the LPI aims to provide nation-level rankings

of prosperity to inform policy initiatives and progress towards

sustainable development and equitable resource management at

the individual country and global levels.

2.1.2.2 Advantages
The LPI’s use of the distance to frontier approach (similar to Yale

EPI’s distance to target approach for scoring) to standardizing units
frontiersin.org
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and scales of indicators also provides a means of comparing country’s

performance regarding prosperity and provides a benchmark

threshold value of comparison for desirable and undesirable levels

of prosperity per indicator, which LPI labels as values of logical

best and worst case scenarios. The LPI’s use of a weighting scheme

to signify specific indicators and elements of importance and

relevancy regarding prosperity demonstrate the key objectives and

issues of concern when it comes to managing and ultimately

improving domains of economic and social wellbeing. For example,

in the Natural Environment pillar, the Freshwater element and

Forest, Land, Soil element are tied at 20% each as the top two

weighted elements within this pillar. These LPI elements provide

insight on each country’s performance and their life impacts on

their constituents. Following these elements are Exposure to Air

Pollution, Emissions, Oceans, and Preservation Efforts at 15% each.

This weighting of importance puts a stronger emphasis and

prioritization on freshwater and land resource quality regarding

global prosperity compared to air quality.

2.1.2.3 Limitations
While the LPI provides hundreds of indicator level metrics

categorized across three domains, 12 pillars, 67 elements, and

provides informative insight on social and economic wellbeing

globally, it is not without its limitations. Despite the array of

environmental and social determinants of health indicators,

elements, and related pillars included in the LPI, the inclusion of

more timely and relevant indicators would improve our

understanding of cumulative impacts of these stressors on human

health and overall prosperity. Distinct stressors that

disproportionately impact specific countries are not monitored

extensively. Furthermore, certain indicators related to environmental

effects and conditions, such as waste and toxicity sites, are not

included in the Natural Environment pillar, limiting our

understanding of the impacts of the physical environment on

human health and the quality of life of global citizens. The lack of

maternity, gestational health outcomes, and other cardiovascular

health outcomes is also a limiting component of the Health pillar.

Although the LPI uses the distance to frontier approach for

indicator value standardization, the range of country indicator

values determines the best and worst case levels to compare. That

is, the set benchmark threshold values are not determined based on

a desired or undesired goal from regulatory or policy decision

making, but rather on the total collection of country indicator

values, as similarly shown in the Yale EPI section. This limits the

understanding for specific indicators that may be a cause of

concern based on exposure concentration levels, policy, or

regulatory statutes when comparative rank scoring methods are

used to determine set indicator threshold values. Also, as

highlighted in the Yale EPI section, given the LPI’s global focus on

economic and social wellbeing, and despite its use of population-

weighted averaging, the disproportionate impacts towards

vulnerable populations cannot be adequality assessed. Country or

nation-level focus also does not lend itself to fine-scaled resolution

assessments. Furthermore, the emphasis on country-to-country

comparisons also limits the data sources and types used to evaluate

nation-level performance, as only data available for each country
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can be used for indicator inclusion and ultimate element and pillar

categorization. The limitation of data availability and geographic

level of focus is a common challenge for many indices and

screening tools discussed in this manuscript.
2.2 US-Centric Nation-Level tools

US-Centric Nation-level EJ/EH screening tools report key EH

indicators monitored across most municipalities in the United

States. These EJ/EH screening tools allow researchers, policymakers,

and stakeholders to gauge the performance of current mitigation

measures (i.e., policy changes, regulations, exposure guidance), assist

resource managers in assessing the vulnerability of populations, and

compare mitigation strategies across locales. Stressors monitored at

similar frequencies in all areas are used as inputs for EH metrics

and indices. Stressors that are not widely monitored or for which

insufficient data is available are not included in nation-based EJ/EH

screening tools. While updates are made when additional data

become available at a sufficient scale, these generally occur annually,

with wider intervals in some cases. Nation-level EJ/EH screening

tools include data on multiple environmental and sociodemographic

factors to characterize environmental quality and hazard across the

United States. Exemplar Nation-level EJ/EH screening tools in the

United States include EnviroAtlas (19), EJScreen (20), the Climate

and the Environmental Justice Screening Tool (CEJST) (21), and

the Centers for Disease Control’s Environmental Justice Index

(CDC EJI) (22).

2.2.1 Enviroatlas
2.2.1.1 Background
Launched in May 2014, EnviroAtlas is a multidimensional

environmental and human health resource developed by several

entities including the U.S. EPA, the U.S. Geological Survey, the

U.S. Department of Agriculture, non-profit organizations,

universities, and a vast collection of state and local community

stakeholders. EnviroAtlas encompasses a wide array of objectives,

from visualizing various environmental quality indicators to

assessing the relationship between Superfund site proximity and

political affiliation. The resource enables users to evaluate

ecosystem services (i.e., the benefits received from nature) and

analyze the relationships between ecosystem resource quality,

environmental stressors, and public health outcomes. EnviroAtlas

provides, at the time of writing, 537 national and community data

layers for ecosystem services in categories that include climate

stabilization, biodiversity conservation, natural hazard mitigation,

recreation, and culture. Within these categories, indicators

represent environmental factors related to pollution, impaired

waters, hydrologic features, political boundaries, traffic, and

walkability. A diverse toolset enables decision-makers to assess

planning and management efforts for target areas and assists with

resource allocation and environmental rehabilitation measures.

2.2.1.2 Advantages
Outside of the ever-growing array of national and community data

layers it provides, an advantage of EnviroAtlas is its ability to
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perform climate projections through the year 2100 based on

current and past greenhouse gas levels, aerosol emissions, and

meteorological data. The assessment of environmental quality

and its relationship with community health and wellness, at

multiple levels of spatial resolution (i.e., the national, census-

block group and 12-digit hydrologic watershed basin unit code

level) is another strength. Furthermore, Community Summaries

for areas across the United States provide rich in-depth summary

data and metrics related to demographic, census, land cover, and

ecosystem services at fine spatial resolutions. Data on multiple

sociodemographic factors, including census data, are used to

assess disparities and deficiencies regarding resource allocation.

Additionally, the EnviroAtlas ecosystem allows users to overlay

maps with their own data for further analysis and comparison

with the Community Summaries. Another strength of

EnviroAtlas is the ability to examine the effects of tree cover and

its role in managing air quality indicators (e.g., ozone, PM2.5,

nitrogen dioxide, sulfur dioxide, carbon monoxide) and

relationships with health outcomes (e.g., asthma exacerbation

avoided, acute respiratory symptoms avoided, school days not

lost). The Eco-Health Relationship Browser is an additional

resource of the EnviroAtlas platform. The browser provides

insights on potential health impacts of ecosystem and

environmental health indicators through visual linkage maps that

represent the association of ecosystem indicators such as

neighborhood greenery with multiple health outcomes.

2.2.1.3 Limitations
Community Summaries are available for only 30 cities in the

continental United States. While these communities benefit from

in-depth insights on their overall EH integrity from rich data and

metrics, areas not covered by the summaries cannot take

advantage of the same insights. Further, while EnviroAtlas users

can overlay their own data onto maps to create innovative and

unique visualizations, data can be proprietary, so this potentially

limits the accessibility of the platform. Additionally, EnviroAtlas

does not generate cumulative scores or summary metrics for

overall EJ/EH quality at varying Geographic levels (i.e., national,

census-block group) to gauge the EH integrity of an area or

community of interest. Also, while the Eco-Health Relationship

Browser provides general information on the relationships between

ecosystem and environmental health indicators and health

outcomes, insights on specific health outcomes (i.e., asthma,

cardiovascular health, cancer) are not available in EnviroAtlas.

2.2.2 EJScreen
2.2.2.1 Background
To address mandates established in Executive Order 12898–Federal

Actions to Address Environmental Justice in Minority Populations

and Low-Income Populations, the U.S. EPA developed EJScreen

beginning in late 2010 and publicly released the tool in 2015.

EJScreen helps government partners, advocacy groups, and

community stakeholders understand the environmental, EJ-

related, and sociodemographic/socioeconomic impacts across

communities in the United States using nation-level data.

EJScreen indicators cover several domains, including air, water,
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waste, and proximity to Superfund sites and other potential risk

sites, and comprise 13 environmental and seven socioeconomic

indicators. EJScreen allows users to evaluate EJ-related issues

localized to the census-block level. Two demographic indexes,

each computed using the same methodology but different

socioeconomic factors, report which population segments are

vulnerable to environmental hazards. The Demographic Index

(DI) averages two indicators (percentage of low-income residents

and people of color), and the Supplemental Demographic Index

(SDI) represents the average of five socioeconomic indicators

(percentage of residents with low life expectancy, percentage with

low income, percentage who are unemployed, percentage who

have limited English speaking ability, and percentage with less

than a high school education) for each census-block group based

on national averages for the given indicators. Each Demographic

Index is then multiplied to the national percentile for a specific

environmental indicator for a given census-block group to

calculate each of the 13 EJ (EJ = DI × EJ Indicator) and

Supplemental EJ (Suppl. EJ = SDI × EJ Indicator) Indexes for

every census-block group in the United States. Overall, the EJ

Index values are intended as a starting point for users and are

not definitive measures of EJ in a given area.

2.2.2.2 Advantages
An advantage of EJScreen is its ability to generate open-access data

summaries and visualizations of EJ for individual communities

through its online interface and mapping tool. EJScreen can

generate threshold filter maps that identify areas at or above the

80th percentile for any EJ Index. Locations that are above the

80th percentile mark (i.e., 80–90th, 90–95th, above 95th) for

certain indicators are color-coded from yellow, orange, and red

accordingly. These values indicate census-block groups that are

above national averages for a specific indicator index. Users can

also create a buffer region to summarize data across all 13 EJ

indexes for a desired area of interest. This helps users determine

areas of concern and potentially burdened communities that

require further evaluation by providing insight on the cumulative

impacts present across the EJ Indexes. EJScreen also combines

environmental and demographic data in a central dataset that is

updated based on data availability. EJScreen also provides a level

of transparency for EJ-related work that is done, so that local

regulators, policymakers, and the EPA remain accountable.

Health disparities, climate change, and critical service gap

datasets are also included for users to visualize and compare

conditions across communities at varying census-tract and

census-block group levels. Finally, the tool has been instrumental

in information dissemination, outreach, and engagement

practices, as well as targeting areas for community rehabilitation,

resource management, policy reform and overall EJ progress.

2.2.2.3 Limitations
Like other US-Centric nation-level EJ/EH screening tools, the scope

of monitored stressors is often limited due to data availability

constraints and stressors that are monitored at the regional and

local levels. Another limitation is the use of a single

environmental indicator to represent population-level
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characteristics and to provide a summary metric of the effect of a

given indicator on a given demographic group. A range of

threshold percentile values are used to represent and compare

the perceived severity of EJ/EH impacts across communities.

While this produces percentile rankings of EJ burden across

communities, these rankings are based not on whether the given

indicator is at a safe reference or benchmark level, but on how it

compares with the extent of exposure or perceived vulnerability

in other communities. Moreover, the lack of reference values to

determine safe levels of exposure is a limitation of the tool. For

example, EJ Index values for census-block groups are not directly

comparable. If a census-block group has a higher percentile

compared to another census-block group for a particular EJ

Index, this does not indicate that the census-block group has a

safe level for an indicator. It only indicates that the specific

census-block group is “safer” or “better” than the census-block

group to which it is compared based on data the percentile-rank

is derived from for the given indicator. Finally, while health

disparity (e.g., asthma, cancer, cardiovascular disease) metrics

can be displayed in the mapping feature, these metrics are not

currently included as a separate EJ Index or within the set of

available EJ Indexes.

2.2.3 Climate and Environmental Justice
Screening Tool
2.2.3.1 Background
The Climate and Environmental Justice Screening Tool (CEJST)

identifies areas of vulnerability and burden across the United

States. Resulting from Executive Order 14008 and developed in

accordance with the Justice 40 initiative, CEJST is an interactive

mapping tool that helps federal and state agencies identify and

assist (through legislation and reallocating resources)

communities in need of improved energy and water

infrastructure, pollution mitigation, and sustainable housing (23).

The tool was designed to help reach the goal set out in Executive

Order 14008 of distributing 40% of federal investments and

benefits to disadvantaged communities. Unlike other US-Centric

nation-level EJ/EH screening tools, CEJST was designed

specifically for multiple federal agencies to identify burdened

communities and address their needs. The tool assesses the

burden of communities (at the census-tract level) by

incorporating a series of indicators across eight categories,

including, but not limited to, climate change, housing, health,

legacy pollution, water, and wastewater.

2.2.3.2 Advantages
Federal agencies are encouraged to use the CEJST to help identify

disadvantaged communities. For a community to be considered

burdened or disadvantaged, it must be located in a census-tract

or on federally-recognized tribal land with at least one indicator

category that is at or above the percentile threshold for that

given environmental stressor (i.e., energy, climate) AND a related

socioeconomic stressor (i.e., low income). For example, if

Community A is below the percentile threshold for climate

change, energy, housing, health, transportation, workforce

development, and legacy pollution but is at or above the 90th
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percentile threshold for wastewater discharge in the water and

wastewater category and at or above the 65th percentile threshold

for low income, it is classified as disadvantaged. The CEJST is

updated annually with newly available data. To encourage public

and stakeholder feedback on further development of the tool,

CEJST provides publicly available open-source code and datasets.

Future development plans include implementing multiple

language versions of CEJST, beginning with Spanish.
2.2.3.3 Limitations
While CEJST is useful for highlighting single indicators that

characterize community burden, it does not characterize the

cumulative impacts that multiple stressors have on community

burden with a specific scoring metric. As with most EJ/EH

screening tools, CEJST is based on specific indicators of burden

and vulnerability that are tracked on a national scale. Unique

stressors impacting specific areas are not tracked by CEJST.

Further, like other nation-level EJ/EH screening tools, the CEJST

determines the burden and vulnerability level of a community

based on whether that community is at or above the 90th

percentile compared to the remaining communities for a given

indicator, and not based on whether it is at a safe benchmark

threshold level for a given indicator.
2.2.4 Centers for Disease Control (CDC)
Environmental Justice Index (EJI)
2.2.4.1 Background
The CDC’s Environmental Justice Index (EJI) is the first US-

Centric nation-level EJ/EH screening tool focused on the

cumulative impacts of EJ and EH inequities. The CDC’s EJI

provides a public-facing interface that allows users to evaluate

environmental and public health indicators and their unique

impacts across U.S. communities. Covering 36 components, the

EJI categorizes indicators tracked into ten domains summarized

into three modules: Social Vulnerability, Environmental Burden,

and Health Vulnerability. To characterize EJI, a scoring

methodology is employed to generate scores for indicators that

track these three modules. For the Environmental Burden and

Social Vulnerability modules, percentile rank scores are generated

for each indicator per census-tract, and a module score is

aggregated and summed, with a 0 score indicating a community

having low relative vulnerability and a 1 for a community with

the highest relative vulnerability. These module scores are then

aggregated to generate an overall EJI score and EJI ranking

across all census-tracts. Conversely, for the Health Vulnerability

module, census-tracts in the top tertile for prevalence of a given

health indicator are assigned a value of 1 while other census-

tracts are assigned a value of 0. Health indicators monitored in

each census-tract that are classified in the top tertile for

prevalence are then flagged, where all health indicator flags for a

given census-tract are summed and scored with a value between

0 and 5 (5 indicating all indicators were flagged). For each

census-tract, flagged scores are multiplied by a factor of 0.2 to

calculate a final Health Vulnerability rank score that consists of

either five of the following values in ascending order of severity
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(0.0., 0.2, 0.4., 06, 0.8, or 1.0). Scores from all modules are then

aggregated to calculate an overall EJI score.

2.2.4.2 Advantages
Unlike other US-Centric nation-level EJ/EH screening tools, the EJI

applies an equal weighting scheme across all modules to improve

the interpretability of community health rankings. An advantage

of the EJI is the provision of an overall EJI score along with

specific scores for each module and for each module’s domain

for individual census-tracts. Social Vulnerability and

Environmental Burden modules are aggregated for a social-

environmental ranking for each census-tract, allowing secondary

analyses in relation to specific health outcomes. Similar to CEJST

and EJScreen, the EJI measures cumulative impacts at the

census-tract level, allowing for census-tract level EJI community

comparisons. The CDC also implements stakeholder feedback in

ongoing improvement and refinement of the EJI.

2.2.4.3 Limitations
Limitations of the EJI include a lack of dynamic and/or streamed

data for current metrics of environmental burden and a lack of

future predictions forecasting the potential environmental

burdens for communities of interest. Similar to other EJ/EH

screening tools, CDC’s EJI measures each indicator at the census-

tract level based on a percentile-ranked comparison with other

census tracts. Additionally, like other US-Centric nation-level EJ/

EH tools, the EJI is focused on indicators of burden and

vulnerability that are tracked on a national scale. As a result,

unique stressors impacting specific areas are not tracked.

2.3 US-Centric regional/local-level tools
While international- andUS-Centric nation-level EJ/EH screening

toolsmake concessions regardingmethodology and input data to apply

a consistent framework for a wide range of localities and populations,

US-Centric regional/local-level EJ/EH screening tools are not limited

by these constraints and have more flexibility to tailor reporting of

specific environmental indicators and stressors by sociodemographic

and geospatial parameters. This approach to modeling and screening

aspects of EJ/EH helps identify areas of concern regarding

rehabilitation, revitalization, and mitigation practices for managing

and preventing environmental crises at the state and local levels (24).

Many states and regions have adopted similar approaches and

methodologies when developing EJ/EH screening tools. These tools

include CalEnviroScreen (10), Colorado EnviroScreen (12), NC

ENVIROSCAN (25), and Michigan EJScreen (11).

2.3.1 Calenviroscreen
2.3.1.1 Background
A pioneer in the EJ/EH screening tool space, CalEnviroScreen was

in development for nearly five years before the first version was

released in April 2013. After several iterations and updates, the

most recent CalEnviroScreen 4.0 is its most informative and

intuitive version yet. CalEnviroScreen is tailored for California

communities and is used to support the dispersal of grants and

funding to help alleviate the impacts of EJ-related issues and site
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cleanup measures. CalEnviroScreen monitors the effects of

regulatory and policy-related changes on vulnerable communities.

CalEnviroScreen leverages environmental and public health data

to develop indices and scores to gauge the overall vulnerability of

communities in California at the census-tract level. Furthermore,

a weighted arithmetic mean or average is used to generate scores

for each census-tract. CalEnviroScreen scores consist of 21

indicators that describe various population and environmental

health characteristics. Thirteen indicators are in the Pollution

Burden group component (eight Exposure components and five

Environmental Effects components) and eight are in the

Population Characteristic group component (three Sensitive

Populations components and five in Socioeconomic Effects

components). The Environmental Effects components include

indicators that track people’s proximity to hazardous sites and

areas, including solid waste site facilities, cleanup sites and

impaired water bodies. The Exposure components contain

indicators that track pollutants that people may be exposed to

including air quality, water quality, pesticide and built

environment stressors. The Socioeconomic Effects components

include indicators that may exacerbate personal stress, increasing

sensitivity to adverse effects due to exposure to environmental

stressors. Some of these indicators track employment, education,

and poverty status. Asthma, birth, and cardiovascular health

metrics are health-related indicators that provide insight on

populations that are disproportionately impacted by exposure to

stressors in the Sensitive Populations component. Like other EJ/

EH screening tools, CalEnviroScreen leverages percentile rankings

for indicators across geographic levels to generate scores for

specific communities. The percentile values for individual

indicators in each component are averaged together to generate a

component score. Next, weights are applied for specific

component scores (0.5 for Environmental Effects component,

equal weighting of 1 for the remaining components) and then

component scores are averaged and scaled, producing group

component score values ranging from 0 to 10. Group component

scores are multiplied to generate final CalEnviroScreen scores. Final

scores range from 0 to 100, with 100 indicating that a community

is severely impacted by monitored indicators and stressors.

2.3.1.2 Advantages
Being one of the earliest EJ/EH screening tools in the space,

CalEnviroScreen has spearheaded many innovations in data

aggregation, indicator creation, and scoring method development.

As a result, newer EJ/EH screening tools have adopted many of

the foundational features (i.e., scoring methodology, select

indicator) CalEnviroScreen established. Also, CalEnviroScreen’s

approach towards multiplying group component scores (i.e.,

Pollution Burden and Population Characteristics) is supported by

research that emphasizes the effect that certain factors, such as

those in the Population Characteristics group component, have

in modifying the risk raised through exposure to environmental

stressors, such as those within the Pollution Burden group

component. Overall, certain populations are more sensitive to

environmental stressors, and multiplying these scores helps to
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account for these sensitivities. CalEnviroScreen is in constant

development and is revamped with new iterations every few

years. Additionally, CalEPA actively involves community

members and stakeholders during the development process of

CalEnviroScreen to help identify burdened areas, indicators, and

stressors to include in its monitoring.
2.3.1.3 Limitations
CalEnviroScreen scores are based on percentile values,

which, while useful for comparing conditions across

communities, are limited because they do not incorporate

reference or benchmark threshold values for safe exposure and

condition levels. Like EJScreen, a CalEnviroScreen score at the

95th percentile for one community compared to surrounding

communities does not necessarily mean that the community

meets safe standards of contamination or exposure for the

indicators that comprise said score. CalEnviroScreen also

weights the Environmental Effects component one-half

compared to other components, signifying that it has a lesser

contribution to pollution burden than the Exposure component,

since most Californian communities are not directly exposed

to these stressors. While this method may be accurate for

most Californian communities, this ignores the potential

communities that are vulnerable to these stressors. As a

result, some communities may have an overestimated or

underestimated CalEnviroScreen score that misses the true

extent of the effects of these indicators on said communities.
2.3.2 Colorado EnviroScreen
2.3.2.1 Background
Developed by the Colorado Department of Human and Public

Health (CDPHE) and launched in June 2022, Colorado

EnviroScreen incorporates many of the same attributes and

characteristics as its predecessors, including the CDPHE’s Climate

Equity Data Viewer and Data Viewer for Disproportionately

Impacted Communities. Colorado EnviroScreen also shares

developmental characteristics with CalEnviroScreen, EJScreen, and

CEJST. Focusing on disproportionately affected communities,

either recently or in the past, and EJ issues at the county-level,

Colorado EnviroScreen is an effective tool for impactful EJ/EH

screening. Colorado EnviroScreen also aggregates monitoring

results for various indicators, not limited to environmental

exposure, climate vulnerability, and health outcomes metrics.

Similar to CalEnviroScreen, Colorado EnviroScreen creates scores

for quantifying the potential impacts from exposure to

environmental stressors. The Colorado EnviroScreen score is

calculated from Pollution and Climate Burden group components

(Environmental Effects, Environmental Exposure, and Climate

Vulnerability Components) and Health and Social Factor

components (Sensitive Populations and Demographic Components)

encompassing 35 indicators. Colorado EnviroScreen Scores are

calculated and determined for each indicator at the county, census-

tract, and census-block-group level.
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2.3.2.2 Advantages
Colorado EnviroScreen adopts CalEnviroScreen’s scoring

methodology; however, when determining component scores, the

geometric mean is used instead of the arithmetic mean because

indicators within a given component are related to one another.

Health indicators such as heart disease, cancer, diabetes and age-

related indicators in relation to the population are included

within the Sensitive Populations Component, allowing for more

in-depth assessment of diverse health effects in relation to

environmental stressor exposures. Colorado EnviroScreen

indicators can be visualized using a mapping interface and

viewed as the concentration/exposure measure or as a percentile

compared to other communities in Colorado. Community

involvement has been integral in the development of Colorado

EnviroScreen, with constant inquiry for community feedback on

the inclusion of select indicators to monitor and the rating of the

tool’s usability.

2.3.2.3 Limitations
Colorado EnviroScreen incorporates important elements for

modeling purposes, but additional elements are needed to

improve the tool regarding addressing issues relevant to Colorado

residents. Moreover, given that it shares several features with

CalEnviroScreen, many of the same limitations of CalEnviroScreen

are present in Colorado EnviroScreen. As with CalEnviroScreen,

nation-level EJ/EH screening tools such as EJScreen, and even

international screening indices such as Yale’s EPI, percentiles are

used as scores of EJ/EH quality across monitored communities. As

a result, a percentile ranking for a community that is better or

worse than the percentile ranking for another community does

not mean that the level of the specific indicator is at a safe

guidance level. Colorado EnviroScreen does not incorporate

reference or benchmark threshold values for monitored stressors,

so users cannot gauge how well a given community is performing

regarding EJ/EH vulnerability. Furthermore, Colorado

EnviroScreen also uses weights for its given components. While

the Health and Social Factors indicators are weighted equally, the

Environmental Effects indicator, which is in the Pollution and

Climate Burden group component, is weighted as half (e.g., one-

half) as much as the Environmental Exposure indicator. While

most Coloradoans are not directly affected by or exposed to these

Environmental Effects indicators, this leaves out the few

communities that are exposed.

2.3.3 Nc ENVIROSCAN
2.3.3.1 Background
Developed in partnership with the University of North Carolina

(UNC) Superfund Research Program (UNC SRP), UNC Institute

Environmental Health Solutions (UNC IEHS), and Renaissance

Computing Institute (RENCI), NC ENVIROSCAN is an EJ/EH

screening tool developed to increase awareness of key EJ issues,

social, and public health stressors impacting communities in

North Carolina. The NC ENVIROSCAN framework includes

environmental, sociodemographic, environmental justice, and

health outcome indicators. The tool also focuses on reporting

monitoring results at the census-tract and ZIP-code levels to
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help users gauge the level of EJ/EH vulnerability in

specific communities.

2.3.3.2 Advantages
An advantage of NC ENVIROSCAN is its inclusion of health

outcomes data, specifically pregnancy/gestational-related metrics,

COVID-19 case and mortality rates, on the online platform. The

mapping tool also reports on private well-water contaminant

levels (i.e., arsenic, cadmium, lead, manganese) based on

threshold values for standard concentrations. Healthcare and

education access indicators, such as the number of hospitals and

private/public schools, are also included in the mapping tool

interface. NC ENVIROSCAN also incorporates EJScreen’s EJ

Indexes to provide summary metrics on EH integrity.

2.3.3.3 Limitations
Because of the nascency of development, several features that would

improve NC ENVIROSCAN have been identified and will be

included in upcoming updates. These additional features include

monitoring of air quality indicators such as NO2, SO2, CO, and

Pb and sociodemographic indicators such as greenspace abundance,

access to transportation, and soil-related domains. Additional

contaminants, including per- and polyfluoroalkyl substances

(PFOS/PFAS), will be included in updates of NC ENVIROSCAN,

with a focus on relevant stressors in North Carolina. Unlike

CalEnviroScreen and Colorado EnviroScreen, NC ENVIROSCAN

does not currently incorporate a scoring metric that would allow

users to gauge the integrity of a census tract or ZIP code’s EJ/EH

integrity and level of hazard compared with surrounding areas.

2.3.4 MiEJScreen
2.3.4.1 Background
Modeled on the development and methodology used in the

California EPA’s CalEnviroScreen, input from community

members, and recommendations from the Michigan

Environmental Justice Workgroup, the Michigan Department of

the Environment, Great Lakes, and Energy’s (EGLE) Office of the

Environmental Justice Public Advocate developed MiEJScreen in

2018 as an intuitive EJ/EH screening tool that uses environmental

conditions and population traits and characteristics to calculate

impact metrics of EH and EJ at the census-tract level. MiEJScreen

was developed to inform stakeholders (i.e., government agencies,

researchers, policymakers, and impacted communities) of EH

integrity and potential EJ issues in target areas for mitigation and

rehabilitation efforts. MiEJScreen incorporates 26 indicators

categorized into four components (environmental exposure,

environmental effects, sensitive populations and socioeconomic

factors). For each census-tract, the average percentiles for each

component of indicators are summed and weighted to generate

two group components, namely Environmental Conditions

(Environmental Effects and Environmental Exposures) and Health

and Population Characteristics (Sensitive populations and

Socioeconomic factors), sub-scores. These two sub scores are

summed to calculate the final composite MiEJScreen Score for a

given census-tract. The MiEJScreen scoring methodology was
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adapted from CalEnviroScreen and generates sub-scores for

components, group components, and overall MiEJ scores.

MiEJScreen also allows users to assess the environmental, health,

and socioeconomic conditions of Michigan communities at the

census-tract level.

2.3.4.2 Advantages
MiEJScreen scores can be mapped at spatial resolutions from the

county to census-tract level and based on indicators of interest.

This allows users to assess individual indicators, components

within each group component, and a cumulative MiEJ score for a

target area. The Michigan Department of EGLE uses MiEJScreen

to enhance decision-making, planning, and policymaking for

communities disproportionately affected by unique environmental

stressors. EGLE supports and promotes opportunities for equitable

treatment and involvement of Michigan residents in the

development and refinement of MiEJScreen. This ensures that no

group has a disproportionate share of negative consequences from

policies related to MiEJScreen. Further, MiEJScreen includes

indicators and factors relevant to demographics and past EJ issues,

such as the inclusion of childhood blood lead-level concentrations

for the Sensitive Populations factor.

2.3.4.3 Limitations
As the framework for the MiEJScreen is mirrored after

CalEnviroScreen, many of its advantages and limitations are

similar. Like CalEnviroScreen scores, MiEJ scores are calculated as

percentiles and are ranked for each indicator and component

across all census-tracts in Michigan. While this provides a means

of comparing other communities’ cumulative MiEJ Scores, the

extent to which a community is burdened based on benchmark

threshold values cannot be determined. Furthermore, the lack of

threshold values limits transparency regarding whether

communities are at safe levels of exposure for specific

environmental stressors. The weights used for MiEJ Scores follow

a methodology similar to that used by CalEnviroScreen, where

Environmental Effects are weighted one-half of the Environmental

Exposure component within the Environmental Conditions group

component, as most communities in the state of Michigan are not

directly exposed to these factors. However, as with other EJ/EH

screening tools, this adjustment does not consider the few

communities that are directly impacted by and exposed to these

environmental effects.
3 Discussion

3.1 Unmet needs and limitations of current
tools

When highlighting the capabilities, differences, advantages, and

limitations of the selected EJ/EH screening tools, several

overarching themes related to their limitations are apparent. We

discuss these thematic limitations as opportunities to address as-

yet unmet needs in the following subsections.
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3.1.1 Data availability
3.1.1.1 Limitations
EJ/EH screening tools differ in their frameworks, scoring

methodologies, indicators included, population parameters, and

geospatial scope. Some EJ/EH tools focus on assessing cumulative

environmental health effects while others identify differences

among specific environmental health indicators of interest.

However, a major constraint of all tools is uncertainty regarding

data availability, which can significantly affect the capability of

EJ/EH screening tools to report and model EH. To address

uncertainty in risk assessment, combining multivariate

monitoring and population-specific data with overall scientific

research is common (26–28). Accordingly, issues can arise when

data gaps affect the ability of a tool to accurately characterize

vulnerability and burden for specific communities. Inconsistent

data, limited diversity in the indicators assessed, infrequent

reporting, and a lack of rich datasets of environmental health

and quality indicators limit the performance of EJ/EH screening

tools. As a result, many tools aggregate data and make various

concessions and tradeoffs to deal with this uncertainty.

3.1.1.2 What strategies can be implemented to meet this
need?
Managing uncertainty is a challenging but necessary task to

maximize the applicability of environmental health data in EJ/EH

tools. The technical documentation for several tools mentions the

concessions made to deal with uncertainty in screening data.

CalEnviroScreen takes measures that include omitting data with

high margins of error and major data gaps that may affect results

(10). The EPA EJScreen and MiEJScreen recognize the

limitations and uncertainty of results when dealing with

demographic and environmental estimates for screening

purposes, especially at fine spatial resolutions (11, 29). Other

tools such as Colorado EnviroScreen assume data sources have

already handled uncertainties and errors and focus on integrating

up-to-date data into the screening framework (12).

To address these issues, the most important strategy is

prioritizing the frequent monitoring of pollutants and

environmental stressors. To ensure reports are frequent and

timely, the data used needs to be updated at regular intervals.

Second, identifying areas of uncertainty as a metric can be

beneficial, as opposed to making concessions for these areas.

While accounting and adjusting for uncertainty is a commonly

used strategy, incorporating this limitation as an additional

stressor can highlight areas of vulnerability that communities

should consider for environmental health management. Finally,

establishing more local/regional monitoring networks and

increasing the sampling frequency of environmental monitoring

data can address the data gaps encountered with most EJ/EH

screening tools, as it has been shown to be effective in both

environmental health and natural resource management (30, 31).

3.1.2 Relevancy of stressors
3.1.2.1 Limitations
While it is informative to consider stressors that reveal areas with

better performance compared to others for specific categories,
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certain areas may be disproportionately affected by stressors that

are not included in a EJ/EH screening tool.

Stressors that are more relevant and pressing to specific

communities that are identified as environmentally burdened or

disadvantaged should take precedence over less relevant stressors.

Specific communities are identified if they exhibit risk factors/

warning signs of being environmentally burdened or disadvantaged

based on either external governing body review (i.e., municipalities’

health and environmental quality departments) and currently

applicable EJ/EH screening tool results (i.e., CEJST metrics for

classifying a census-tract as disadvantaged). The choice of indicators

used to monitor and screen for EJ/EH quality across tools and

frameworks often depends on two factors: data availability and the

importance of the environmental stressor as it pertains to potential

hazard. EJ/EH screening tools typically monitor contaminants and

stressors related to air pollution, water quality, land use and waste,

and health and social factors. However, in the interest of developing

screening frameworks applicable to a broad geographic area (i.e.,

country, state, county, city), and to account for constraints due to

data availability, environmental indicators are chosen based on how

well they generally characterize a community’s level of burden or

disadvantage when it comes to environmental health and wellbeing.

For example, EJScreen comprises 13 EJ Indexes, CDC EJI includes

36 total indicators, and EnviroAtlas contains over 500 spatial data

layers representing ecosystem services. Indicators in these EJ/EH

screening tools are used to characterize the integrity of several

environmental and socioeconomic domains across the United

States. Categories composed of several indicators that represent key

EJ/EH stressors enable users to assess the overall quality and

integrity of a location and set benchmarks to evaluate trends in

environmental resource management and actions to protect public

health. However, understanding the full extent in which a

community is burdened or disadvantaged can be affected due to a

lack of prioritization of relevant stressors impacting said community.

3.1.2.2 What strategies can be implemented to meet this
need?
The indicators included in EJ/EH screening tools are typically those

that best represent the environmental exposures and effects across a

monitored area. While monitoring EJ using a general set of

indicators can be valuable, communities are affected by different

stressors and have unique concerns that may require further

attention and screening.

For example, concerns about PFAS exposure serve as a

microcosm of societal issues regarding the pervasive lack of

proactive management, monitoring, and screening of

environmental stressors and contaminants affecting many

communities (32–37). Similar disparities are apparent in NC

ENVIROSCAN and the indicators monitored through this

platform. Expanding the scope of monitored contaminants and

stressors to include those with disproportionate impacts on

North Carolina communities (i.e., PFAS) would enable decision-

makers to focus attention and resources on affected areas.

Expanding monitored components beyond the four currently

monitored water contaminants (i.e., arsenic, cadmium, lead,

manganese) and including threshold/reference values to
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determine whether concentrations are within safe limits would also

enhance monitoring efforts.

In regard to conventional EJ/EH screening tool development

and indicators included in said tools, specifically regional or

state-level tools, concerted efforts toward fostering and facilitating

collaborations with local health and environmental quality

departments can assist in identifying and including key stressors

disproportionately impacting the communities under their

jurisdiction. Additionally, engaging and involving community

stakeholders to assist in identifying relevant stressors impacting

communities can also prove to be beneficial in tool development

(31). As mentioned in previous sections, many tools at

the state and nation-level including Colorado EnviroScreen,

CalEnviroScreen, and CEJST have incorporated community

involvement during all stages of tool development, including

ongoing post-development updates. Localizing this effort directly

in burdened or disadvantaged communities can improve stressor

identification and ultimately prioritizes monitoring going

forward. Local examples detailing the benefits and effectiveness

of community engagement at a local level are illustrated in

Section 3.1.6 of this manuscript.

3.1.3 Assignment of indicator weights
3.1.3.1 Limitations
Current methods in EJ/EH screening tools and platforms primarily

focus on tracking and comparing environmental health stressors that

are monitored on a international/nation/state level. Monitored

stressors generally focus on what most communities are exposed

to (e.g., air pollution, water contaminants, soil/land/built structure

stressors, and social determinants of health). For most EJ/EH

screening tools, expert assessment and evaluation is used when

determining factor weights for EJ scores. Furthermore, many tools

employ equal weighting or a general weighting scheme for

indicators/stressors that are assessed for their given geographic

level of interest. This ensures scoring methodologies are

generalizable and applicable to all target areas of interest for

comparative analysis. Nation-level EJ/EH screening tools, such as

CDC’s EJI, employ an equal weighting scheme across all indicators

and modules because of limited scientific evidence for use of a

specific weighting scheme and for the ease of interpretation and

applicability of specific weights towards impacting environmental

health (22). Module scores are aggregated and summed to

calculate EJI scores. In contrast, more regional or state-level EJ/EH

screening tools, including Colorado EnviroScreen, MiEJScreen and

CalEnviroScreen, implement a scoring scheme that weights some

indicators as more important based on monitoring data for the

target areas of interest.

An example at a state-level is CalEnviroScreen. As mentioned

in previous sections, CalEnviroScreen Score is calculated from

two group component scores of Environmental Conditions and

Population Characteristics that include two separate components

each, specifically Environmental Effects and Environmental

Exposures, and Sensitive Populations and Socioeconomic Factors,

respectively. While all indicators within each component, a total

of 26, are weighted equally when calculating the CalEnviroScreen

Score, the weight of importance given to components to generate
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the CalEnviroScreen Score is not equal. While the Sensitive

Populations and Socioeconomic Factors components in the

Population Characteristics Score and the Environmental

Exposure component within the Environmental Conditions Score

are weighted the same (i.e., 1.0), the Environmental Effects

component is weighted one-half (0.5) of what the other

components are weighted (1.0). Indicators within this component

only account for proximity to sources of potential exposure and

not direct exposure, and as a result, due to proximity is weighted

as so to be most applicable to the risk to communities

impacted (10).

While relying on expert guidance is valuable, especially when

dealing with highly variable and diverse data sources, a one-size-

fits-all approach to EJ/EH screening and modeling that fails to

incorporate population-specific conditions can distort hazard

assessment results. By prioritizing a more generalizable

methodology and maximizing the monitoring range in regard to

geography, populations adversely impacted by stressors with

lower weights may be disproportionately monitored and their

levels of hazard potentially overlooked.

3.1.3.2 What strategies can be implemented to meet this
need?
As illustrated in Table 1, the Colorado EnviroScreen CO

EnviroScreen Score comprises individual component scores

grouped into two group components (Health and Social Factors,

and Pollution and Climate Burden). The component scores in

each group component are averaged, scaled, and multiplied

together. When averaging the component groups’ values, each

component is assigned a weight based on all Colorado residents’

perceived exposure to the component’s stressors. For Colorado

EnviroScreen, Environmental Effects and Climate Vulnerability

indicators (indicators in the Pollution and Climate burden

component) are weighted at 0.5 while indicators in the Pollution

and Climate category and the Health and Social Factors group

are weighted at 1.0. While most Coloradans are not directly

exposed to Environmental Effects and Climate Vulnerability

factors, indicators monitored within each of these components

pose an issue for some communities and populations. For

example, proximity to the National Priorities List site Colorado

Smelter in Pueblo County is a major concern as lead exposure

through soil contamination and air emissions can adversely affect

communities (38–40). Further, proximity to oil and gas facilities

in counties with per capita income below Colorado’s and the

United States’ national average, such as Montezuma, Archuleta,

and Weld Counties in Colorado, is a concern due to the multiple

sources of exposure in these areas. Such exposures have been

associated with low birth weights and other adverse birth

outcomes in several studies (41–44). Additionally, a propensity

for increased drought occurrences also poses a concern for some

counties, including Pueblo and Weld Counties (45). However,

given that most of Colorado’s population is not directly exposed

to these environmental stressors, these stressors are not weighted

as important. As a result, the previously discussed counties and

the communities that are directly exposed are left disadvantaged

in the scope of the applied scoring methodology.
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Most EJ/EH screening tools select indicators of importance

based on expert consultation, whether through direct

consultation or through prevailing literature on given

environmental stressors. Another justification for a more

conventional approach towards screening is for method

simplicity and transparency purposes. That is, to evaluate given

indicator measures, it is favorable to have a set weighting to

effectively compare one area to another based on its level of

vulnerability/burden. This is evident in most tools, especially in

CDC’s EJI. Yale EPI, for example, adjusts weights for specific

indicators based on relevancy towards country of interest (i.e.,

landlocked countries and marine protected area indicator).

Unfortunately, development of many of these EJ/EH screening

tools has proven to be resource intensive, with the need of

countless hours of method development, engagement and

involvement with community stakeholders, and thorough

deliberation to decide on indicators to include and to develop

alone. Applying a similar approach with input from expert

consultation for individual communities at a smaller geographic

scale would prove to be too resource intensive.

Therefore, using data-centric methods and approaches rooted

in statistical inference to determine indicators’ weights would

prove useful because: 1. Limited reliance on the subjectivity of

experts and developers in tool development stage; 2. Tailored

approach lends itself to focus on needs and relevance of risk/

hazard to population of interest; and 3. Weights are dynamic and

always changing to fit the most current needs of the community.

That is, as weights change in level of importance, progress

towards mitigating risks of previous highly weighted indicators

has been made and efforts and resources can be shifted to new

areas of need. This can improve the resource allocation efficiency

and management of environmental health crises and issues.

Furthermore, applying this weighting scheme toward a scoring

methodology that weighs indicators of importance and value based

on the most relevant areas of concern at a finer spatial resolution

can provide communities with metrics that reflect their reality.

Adjusting weights based on the stressors present at the city,

zipcode, and census-tract levels can provide a more accurate picture

of environmental health and help identify EJ/EH issues that would

ordinarily be missed with a state-level approach to monitoring. This

can, in turn, improve management and mitigation practices.

3.1.4 Threshold values included for monitoring
purposes
3.1.4.1 Limitations
Many EJ/EH screening tools implement a scoring metric to

characterize the quality of individually monitored components

and determine overall EJ/EH scores for areas of interest. For

most EJ/EH screening tools, varied indicators are monitored and

used to calculate scores and rankings and thus their units of

measure vary greatly. To maintain unit consistency, raw

monitored indicator values are converted to percentiles in

relation to their location (e.g., percentiles for Indicator A across

all census blocks). To calculate a score for a specific component,

the product of each indicator’s monitoring values and distinct

weights is summed to calculate an overall EJ/EH score for a
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target area. This enables users to assess and compare

environmental health and quality across monitored areas based

on specific indicators, components, and overall EJ/EH scores.

This is the method used for most EJ/EH screening tools,

including EJScreen, CalEnviroScreen, MiEJScreen, and Colorado

EnviroScreen. While these metrics are useful for comparative

analysis of environmental quality and health across monitored

areas, the extent to which these values determine the

performance of an area in relation to a given indicator’s safe

level or level that indicates regulatory compliance is not readily

apparent or interpretable. In other words, the EJ/EH score of a

census-block group is entirely dependent on how it compares to

the EJ/EH score of other census-block groups and is not reliant

on levels in standard health guidance or regulatory levels.

As an example, for indicators in the Pollution and Climate

Burden group component in Colorado EnviroScreen, EJ/EH

percentile scores for all census-block groups are ranked from 1

(for low hazard burden) to 99 (for high hazard burden). The

exemplar location being monitored and screened contains several

census-block groups. Groups A and B have percentile scores of 34

and 55, respectively. While group A has a lower hazard burden

percentile-wise compared to group B, this does not indicate

whether these values are in accordance with values used to

determine safe contamination or exposure levels. The percentile

scores do not explain the level of severity in relation to safe

contamination or exposure levels. These scores, however, do

indicate how well-monitored exposure rates compare to the rates

for other groups because no reference values or thresholds are

included.

3.1.4.2 What strategies can be implemented to meet this
need?
The lack of threshold values to assess the levels of burden and

vulnerability for specific areas limits the usefulness of tools and

can result in gaps in transparency for regulators, researchers, and

the public regarding progress in policy and environmental health

management. Further, the percentile rank method, while useful

for comparative purposes, implies that of the locations tracked,

some are performing well or have safe levels of exposure.

Leveraging regulatory standards, maximum contaminate levels

(MCLs), and HBGVs as a baseline for stressors and indicators can

be informative. Some EJ/EH screening tools incorporate such

standards within monitored indicators. The CDC’s EJI leverages

air-quality indicators [e.g., mean annual days and eight-hour

maximum days for which ozone concentration levels are above

National Ambient Air-Quality Standards (NAAQS)] and water-

pollution indicators (e.g., percentage of watershed that is impaired

per census-tract). However, if a set of census-tracts includes an

elevated average number of days with ozone concentrations above

NAAQS, their percentile ranks will misrepresent EJ/EH quality.

Alternative implementations of the percentile-rank scoring method

could include MCL and HBGVs as references for percentile rank

construction, specifically for environmental quality indicators

(e.g., air and water pollutants, chemical contaminants). Including a

baseline or reference metric for comparison of indicators

for other census-tracts (e.g., group A’s indicators are set to
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regulatory/MCL/HBGVs) and applying a percentile-rank scoring

methodology that better reflects the magnitude of effect that

stressors and indicators have on a given area can improve existing

tools.

3.1.5 Robust and appropriate modeling
3.1.5.1 Limitations
The choice of model affects both confidence (statistical robustness)

and the usefulness of outputs, as presented in the EJ/EH screening

tools discussed in Section 2, to users. In other words, how can these

tools assure that models present actionable information that

communities can trust?

Most EJ/EH screening tools employ a series of computational

methods and techniques to characterize burden and other social

determinants of health. Many EJ/EH screening tools utilize GIS

techniques for mapping and geographic representations and

analyzing EH data. Waldo Tobler’s first law of geography states

that everything is connected and the strength of that connection

is dependent on distance (46). There is substantial support for

the notion that distance and location are associated with levels of

exposure to environmental stressors (47–49), giving credence to

the use of GIS techniques.

Manual or more ground-based monitoring efforts are

foundational means of collecting environmental health and quality

data at a fine spatial resolution for specific areas. However,

ground-based efforts can be limited in range of monitoring,

leading to spatiotemporal disparities in monitoring results.

Advancements in remote sensing data helps fill the disparate data

gaps that ground-based sensors pose for wide areal units.

Improvements in satellites, such as Terra, Aqua, and those in the

Sentinel and Landsat families, have yielded continuous and fine

spatial resolution data useful in assessing earth’s atmospheric and

landcover-related conditions (50, 51). In recent decades, use of

remote sensing data has allowed for the incorporation of key

indicators that measure greenspace, air pollution, traffic impacts

and other aspects of the built environment (50, 51). Many tools

already leverage these technologies, including the EnviroAtlas, Yale

EPI, and state-level tools such as CalEnviroScreen, Colorado

EnviroScreen, and MiEJScreen. More efforts can be made;

however, to improve data integration of these data modalities and

at varying spatial resolutions.

Many of the EJ/EH screening tools surveyed in this manuscript

employ GIS techniques not only to aggregate environmental

monitoring data based on distance and locations of interest for

further statistical analysis, but to also map and provide a visual

representation of cumulative impacts based on a specific

geographic area (10–12). GIS techniques also assist in analyzing

relationships between distance and proximity toward EJ/EH.

Geospatial analysis approaches such as spatial coincidence

analysis, distance-based analysis, and pollution plume analysis are

used to determine the proximity of exposure to environmental

stressors and investigate differences in exposure across

demographics for various populations. Spatial coincidence

analysis is based on the assumption that exposure sources located

within a given geographic unit equally affect all populations

located in that geographic unit, whether this is at the country,
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state, county, or census-tract level (52). This means that exposure

measurements are attributed to all populations within a given

geographic unit, regardless of their true distance to the exposure

source. Populations located close to an exposure source are

considered to have the same exposure as populations far from the

exposure source while in the same geographic unit. In contrast to

spatial coincidence analysis, distance-based analysis gauges

exposure based on the assumption that distance to an exposure

source is proportional to a population’s level of exposure (53).

This means the closer a population is to a stressor source, the

higher the level of exposure for the population. Pollution plume

analysis accounts for meteorological factors such as wind and

precipitation, path of exposure (e.g., via air, water, or soil), and

proximity to exposure source when assessing a population’s

exposure (54). Point and areal interpolations are used to

aggregate population data. Many EJ/EH screening tools leverage

many of these geospatial techniques to aggregate data sources to

develop key indicators of interest. For EJ/EH screening tools such

as CalEnviroScreen, the proximity to toxicity sites, impaired water

bodies, and traffic impact indicators are developed based on point

source buffer zones and census-tract proximity to said exposure

sources. Distance or proximity to source of exposure is used to

gauge the level of perceived exposure to said stressors.

When it comes to scoring vulnerability, most EJ/EH screening

tools employ either additive or multiplicative approaches to

characterize perceived vulnerabilities. As a result, EJ/EH scores

are calculated based on the collection of indicators or category of

indicators included for that specific EJ/EH screening tool. As

practical as this is for monitoring purposes, generating future

predictions for EJ/EH scores based on the given indicator values

for areas of interest is an aspect not explored by many EJ/EH

screening tools. The lack of statistical modeling and predicting

capabilities limits our ability to understand intricate statistical

impacts and the underlying distribution or assumption of

cumulative risks to a given population of interest.

3.1.5.2 What strategies can be implemented to meet this
need?
Employing the discussed GIS techniques to assist in various health-

association studies and EJ/EH screening tools has been useful in

modeling and justifying government mitigation initiatives

(55–57). Statistical and machine learning techniques such as

dimensional reduction analysis and regression techniques (e.g.,

principal component analysis, multiple correspondence analysis,

least-squares regression, regularized regression, spatial

autoregression, logistic regression, classification, regression trees)

can be leveraged to better understand the underlying data

patterns of stressor variables in relation to environmental health

burden (58, 59). Furthermore, the use of methods such as

geographically weighted regression, spatial autoregression and

leveraging of more machine learning techniques can prove useful

in selecting key indicators driving EJ/EH vulnerabilities and

burdens. Applying these methods can also assist in more tailored

composite index and screening tool development.

As the effects of climate change continue to grow, leveraging

remote sensing technology to integrate satellite imagery data has
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proven to be quite informative. Trends in climate and

meteorological impacts, such as changes in weather patterns and

identifying climate-related tipping points, can be measured more

rapidly geospatially and can be tracked in real-time and can

assist in ecosystem and environmental resource management

efforts (60). As mentioned previously, development of key

indicators related to vegetation, greenspace, land cover density

and other aspects of the natural and built environment over time

can provide spatiotemporal insight on the effects of

environmental stressors on environmental integrity (61). In fact,

the promise of using both remote sensing and ground-based

monitoring data has been demonstrated for various

environmental quality factors, ranging from aspects of water

quality, air pollutants and other meteorological factors (62–64).

Overall, integrating these multiple data modalities in EJ/EH

screening tools and employing statistical and machine learning

techniques for modeling EJ/EH quality, can improve our

understanding of the cumulative impacts of environmental

stressors toward environmental and community health.

3.1.6 Community-focus
3.1.6.1 Limitations
Poor communication between regulators and the public has

spurred dissent and distrust when relaying environmental health

information via social mediums. While people have ample access

to information and news relevant to their circumstances, the lack

of oversight regarding the credibility of publicly communicated

monitoring results has led to confusion regarding accuracy.

Misleading news reports on the COVID-19 pandemic and the

minimal information initially released about the Flint, Michigan

water crisis are examples of how mixed messaging in media has

fueled dissent and weakened public trust in regulatory officials

(65–67). In fact, it is arguably a health disparity issue, as poor

health and environmental health literacy regarding individual

and environmental health vary based on socioeconomic and

demographic factors. As a result, the potential risks to vulnerable

populations (i.e., children, the elderly, women of childbearing

age) and the disproportionate impacts on some communities

further exacerbate health inequities (68–70). However, while

problematic, this in no way indicates that poor health literacy is

the only driver of EJ/EH issues. Instead, it is a contributing

stressor and a consequence of various environmental health

stressors. Researchers have detailed the relationships between

public health and environmental health literacy, disparity, and

various social determinants of health, how they ultimately

contribute to and can exacerbate public health issues at-large,

and conceptual frameworks to address them (70–72). Regarding

EJ/EH crises, the public’s limited understanding of the risks and

hazardous impacts of chronic exposure to environmental

stressors can have disastrous effects.

In lieu of a deeper analysis of media responsibility for accurate,

impartial news reporting, we explore the value of timely, frequent,

and comprehensive reports on environmental and public health

and the mutual responsibility that regulators and community

stakeholders have in maintaining levels of accountability,

transparency, and trust for the overall benefit of the public.
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3.1.6.2 What strategies can be implemented to meet this
need?
Community engagement and involvement in decision-making and

knowledge sharing can improve transparency and facilitate

decisions that protect the interests of the public (73–75). Two

recent examples illustrate how this can be incorporated to

improve EJ/EH screening tools.

The first example is the Appalachian Study. A rural Appalachian

community in Kentucky lacked adequate plumbing and access to

safe water, leaving many residents disproportionately exposed to

various microbes and toxicants and at risk of adverse health effects

(76–78). A group of health practitioners, legal professionals, and

engineers formed the Interprofessional Collaborative Practice

(IPCP) group to address the water insecurity affecting this

community. After a series of community stakeholder meetings, the

IPCP group developed a water sanitation and hygiene education

program and held several health literacy sessions. The group also

established a central water kiosk servicing over 4,000 residents to

improve access to clean water (79).

The second example is the South-Central Los Angeles Air

Study. The California Resources Board created the South Central

LA Project to Understand the Sources and Health Impacts of

Local Air Pollution (SCLA-PUSH) program to involve

researchers and southeast Los Angeles residents in developing

community-focused solutions to address local air pollution (80).

Through community engagement efforts, residents are recruited

and receive training in the use of portable air-quality monitors to

collect data on air pollution in their community. This helped

inform residents about air quality and empowered self-advocacy

efforts regarding environmental health issues (80).

The IPCP and SCLA-PUSH showcase intentional efforts to

educate and engage communities by prioritizing their needs and

cultivating relationships based on mutual trust and transparency.

This provides community members the tools and knowledge

needed to safeguard their communities. Many EJ/EH screening

tool development teams have made a concerted effort to engage

with the public and develop user interfaces that are accessible to

the communities served and the public. Community-centered

engagement and involvement in the development and use of EJ/

EH screening tools are tantamount to addressing these issues.

Ensuring that communities’ needs are heard and met is vital for

fostering relationships of accountability between officials and

community members (73). It also assists researchers and

developers with risk and hazard characterization by providing

insights on pertinent stressors directly affecting communities (75).

Further, transparency in environmental quality monitoring and

establishing a level of trust that assures community members that

their input is needed and valued ultimately empowers communities

to be actively involved in EJ/EH monitoring and screening (81).
3.2 Lessons learned and a path forward

This discussion of the limitations of current tools sheds light on

what aspects should be considered in the development of impactful

EJ/EH screening tools.
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3.2.1 Improve community and public engagement
In recent years, government entities have made efforts to

improve community and public engagement in decision-making

and have implemented initiatives that directly address complex

environmental health concerns. With increased interest in EJ/EH

screening tools, many government agencies have prioritized early

and frequent public engagement during the development process

to ensure stakeholders’ needs are recognized and addressed.

Concerted efforts to encourage community engagement and

involvement in the planning and developmental stages for the

Colorado EnviroScreen were integral to ensure the concerns of

impacted Colorado residents were addressed. In Phase 1, a total

of 96 responses were collected from for public engagement,

including nine virtual interviews, four virtual focus groups,

virtual public meetings, and one-on-one meetings. During these

sessions, developers collected initial ideas and focus values.

Participants included EJ advocates and organizations, public

health researchers, government agencies, and community

stakeholders. Interpretation services in Spanish were also

provided. In Phase 2 of development, a total of 102 responses

were collected including twelve 50-min interviews with key

stakeholders, online questionnaires, and a public beta-testing

meeting were conducted to gauge user experience and

functionality of Colorado EnviroScreen’s online platform (12).

A novel community-academia-government partnership

spearheaded by Washington community organization group Front

and Center was instrumental in developing Washington State’s

Environmental Health Disparities Map in 2019. This partnership

was groundbreaking due to the focus on prioritizing community

engagement and involvement early and throughout each

development stage. Meetings were held to gather insights from

community stakeholders on the types of stressors impacting their

communities and what they considered to be important measures

of environmental health integrity. Sessions were held on methods

to best characterize environmental health disparities and how to

incorporate and address the impacts of climate change in affected

communities. After each stage, community feedback was solicited,

with an emphasis on effective strategies for transparent

communication of environmental health and disparity information.

The terminology and verbiage used in the tool was discussed at

length, and communication goals and policy implications were

discussed to gauge the tool’s usefulness. Over a two-year period,

community organizations in Washington held 11 two-hour

listening sessions with 170 participants. The tool was launched at

a statewide EJ summit with over 200 community participants who

gained hands-on experience using the tool (82).

TheWashington State Environmental Health Disparities Map and

Colorado EnviroScreen demonstrate how establishing a foundation of

equitable communication, engagement, and involvement can foster

trust within local communities to address EJ/EH issues.

3.2.2 Establish relationships based on
accountability and empowerment between risk
assessors and community stakeholders

Despite the recent emphasis on community-centric science

initiatives in EJ/EH screening tool development, issues regarding
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human health risks and fractured scientist-community

partnerships in burdened communities have been ongoing for

decades. Fortunately, the Old Lead Belt Mining (OLBM)

superfund site demonstrates how effective site rehabilitation

efforts can be conducted through establishing relationships based

on accountability and empowerment between risk assessors and

community stakeholders.

Ensuring that community members are directly involved in and

informed of the results of the risk-assessment process can help

foster positive relationships that help risk assessors conduct

assessments that serve the needs and interests of communities. It

can also help alleviate issues regarding misinformation of

environmental health issues affecting said communities. The OLBM

site risk-assessment process prioritized community involvement by

educating affected communities about the risks of lead exposure

and its adverse health effects. The Environmental Round Table, a

collection of representatives from the community, the Missouri

Department of Health, Environmental Protection Agency,

St. Francois Community College, and the mining industry, was

created to inform the community on cleanup, revitalization plans,

and potential environmental health risks from the OLBM to

maintain a level of transparency and oversight for related risk-

assessment activities (83). These efforts equipped community

members with knowledge of the environmental situation and

established a level of transparency that fostered trust and

accountability during the risk assessment process.

3.2.3 Include characterization of cumulative
impacts and stressors

Understanding the impacts of environmental stressors on

communities is vital when assessing environmental vulnerability.

However, focusing on individual stressors does not adequately

portray the myriad of environmental hazards impacting a

community. To investigate multiple stressors, many tools

combine several indicators of EJ/EH risk to characterize

cumulative impacts for targeted communities. However, several

problems can arise regarding these metrics. First, general

weighting schemes are used for measured indicators. Second, a

reference baseline is often not included, making it impossible to

compare metrics in other areas to gauge how well an area is

performing regarding EJ/EH risk. Many EJ/EH screening tools,

including CalEnviroScreen, Colorado EnviroScreen, and

MiEJScreen, screen for and characterize hazards in relation to

cumulative impacts. Monitored indicators are grouped into

components that are weighted based on their importance to

cumulative risk. To generate component scores, the product of

component weights and indicators is calculated, and the

components weights and indicators are summed to calculate the

total EJ score. Standard weighting schemes and indicator

components are generally incorporated across EJ/EH screening

tools. In other words, for all EJ/EH screening tools, the

component weights are the same across the entire monitored and

screened area. This means that for communities

disproportionately exposed to components that are weighted as

less significant, many EJ/EH screening tools cannot fully

characterize the hazards affecting specific communities.
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Further, in many EJ/EH screening tools, comparisons of

communities are based on a normalized percentile ranking of

scores to gauge how burdened a community is. That is, the

extent in which a community is burdened compared to another

community is based strictly on percentile-score rankings for the

range of scores in an area. EJ scores are not compared to a

benchmark reference baseline for health guidance values,

minimum contaminant levels, or available regulatory standards to

fully gauge the integrity of a community’s environmental health.

3.2.4 Localized EJ/EH vs. broad screening
approaches

Targeted development and screening focused on fine-scale,

localized centers of burden are important for elucidating

disparities across factors and indicators within a population

(84–89). There is value in evaluating distinct environmental health

disparities across a given population, especially when focusing on

the effects of air and water quality that vary on local scales.

Despite improvements in air-quality monitoring in the United

States, the EPA determined in 2021 that over 102 million people

across the country live in counties with pollution levels that are

consistently above primary NAAQS (90). Furthermore, urban

areas have shown to have worse air quality compared to more

rural areas (91). The population segments that reside in proximity

to industrial sites, landfills, waste treatment plants, highways, and

other primary polluters are disproportionately impacted by

environmental stressors. Disparities in air quality, such as PM 2.5,

transcend geographic boundaries and demographics, including

race/ethnicity and socioeconomic status (88). Further, exposure

disparities are directly associated with other health disparity-

related issues (92, 93). The EPA’s 2019 America’s Children and

Environment (ACE) report determined that children from families

that were below the poverty-level were disproportionately more

affected by respiratory diseases compared to children from families

above the poverty level, and that lower-income families and Black

non-Hispanic and “All Other race Children” were also

disproportionately more affected by respiratory diseases compared

to Hispanic, White non-Hispanic, and Asian non-Hispanic

children, especially asthma (94, 95).

Another area in which localized approaches are important to

consider is drinking water quality. WASH standards across the

United States have improved since the Safe Drinking Water Act

(SDWA) and Clean Water Act (CWA) were enacted in 1974 and

1977, respectively. However, infrastructure that supports access to

clean drinking water and wastewater services is lacking in parts of

the country. A 2021 study found that 2.44% of water management

services were underperforming and habitually did not meet SDWA

and CWA water quality standards (96). The EPA’s 2019 ACE

report indicated that 6% of community drinking water systems do

not meet all health standards (94). Infamous water crises such as

those in Washington D.C., Newark, NJ, Flint, MI, and Jackson MS,

have underlined the issues surrounding water quality management

at the local level (5, 97–99). Preventative measures are key to

enhance water quality management services and increase

accountability and transparency. Many water quality crises have

occurred in metropolitan areas with populations over 100,000, often
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due to city-level issues at water treatment agencies. If such

problems persist, this could exacerbate problems in the 13% of the

U.S. population serviced by non-public water systems (i.e., private

well water) and water management agencies of small municipalities.

Most EJ/EH screening tools do not include indicators that monitor

non-public water systems. Of the EJ/EH screening tools included in

this survey, NC ENVIROSCAN is the only one that incorporates

private well-water data as a tracked indicator.

Highlighting gaps in coverage and disproportionately impacted

communities affected by environmental stressors does not

invalidate the regulatory progress made in recent decades or

negate the value of current EJ/EH screening tools in tracking

available environmental health indicators. However, including

indicators that address the often-overlooked segments of

populations would ensure thorough and robust monitoring of the

cumulative impacts of EJ/EH stressors.

3.2.5 Leveraging locally sourced data
Collecting local environmental health data that accurately

represents monitored communities and involving community

stakeholders in the EJ/EH screening tool development process

promotes community buy-in. EJ/EH screening tool developers

should prioritize composability of data sources and streams to

allow for more accurate and timely results. As mentioned in

Section 3.1.4, common limitations of EJ/EH screening tools (with

the exception of EnviroAtlas) include the use of outdated data to

characterize burden and EJ risk and the lack of capability of

most EJ/EH screening tools for users to update or upload their

own data for general analysis and mapping purposes. Using data

collected several years or even months prior can limit analysis as

the data may not accurately represent the current conditions in a

community. This can lead to inaccurate conclusions and weaken

support for measures to manage community burdens. Further,

the lack of functionality in most EJ/EH screening tools for users

to upload their own data may limit potentially insightful analyses

that could be useful in addition to the EJ/EH screening tool’s

available datasets. Using distinct data to compare communities,

assessing the relevance of the broader monitoring data with

users’ fine-scale data, or comparative analyses of EJ data, human

health outcomes, and disease incidence and prevalence rates are

functionalities lacking in most current EJ/EH screening tools.
4 Conclusions

The development of EJ/EH screening tools over the past 15

years has raised much needed awareness of the environmental

justice and health disparities impacting global health and has

enabled progress toward addressing its substantial and often

disproportionate impacts. Collaborations involving researchers,

risk assessors, public health officials, and community

stakeholders have aided the development of EJ/EH screening

tools and improved their functionality. Integration across

multiple ecosystem and environmental health domains have

improved understanding of the cumulative impacts of indicators

and their relationships with population health outcomes.
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However, most of the EJ/EH screening tools discussed in this

manuscript lack sufficient stressor specificity in relation to

community impacts and do not include HBGVs for individual

stressors and instead rely on percentile-based thresholds. The

recommendations made in this manuscript are intended to

enhance current EJ/EH screening tools so they can address

community concerns at a finer scale. Improving the accessibility

of EJ/EH health metrics and broadening their userbase by

fostering community involvement in EJ/EH screening tool

development will help ensure that the most relevant and unique

stressors impacting communities are identified and prioritized in

mitigation efforts.

While we do not specifically address climate change, it is well-

recognized that the changing climate will bring new environmental

health and justice challenges. EJ/EH platforms and screening tools

including the CDC’s Heat and Health Tracker (100), Cal-Adapt

(101), The Climate Explorer (102), RVAgreen 2050 Climate

Equity Index (103), CDC’s National Environmental Public

Health Tracking Network (104), National Risk Index (105),

Neighborhoods at Risk (106), and Climate Mapping for

Resilience and Adaptation (107) provide users monitoring data

on the risk factors and vulnerabilities associated with climate

change at varying population and geographic levels. Climate

shifts could compound existing issues for a given area. Moreover,

the effects will be difficult to predict without current (and,

ideally, historical) data as inputs for predictive models. As

institutions steadily strive toward consistent environmental and

public health monitoring, machine learning techniques are being

applied in environmental health and climate modeling. Efforts to

improve data harmonization and standardization will improve

forecast modeling, which can help predict the impacts of

stressors. Thus, potential impacts from climate change present

yet another impetus for creating EJ/EH screening tools so that

communities can be empowered to plan for future needs.

Overall, EJ/EH screening tools are effective for characterizing,

identifying, and screening for the cumulative impacts of a

diverse range of stressors. As EJ/EH screening tool

development advances, incorporating threshold values centered

on established stressor safety levels can improve quantification of

the effects of stressors on communities. Further, focusing on

specific stressors driving changes in individual communities vs.

tracking a general set of stressors can help identify unique

stressors disproportionately impacting communities and improve

efforts to establish meaningful change.
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Appendix

ACE: America’s Children and Environment report

CalEnviroScreen: California Environmental Justice Mapping

and Screening Tool

CDC: Centers for Disease Control

CDC’s EJI: Centers for Disease Control’s Environmental Justice

Index

CEJST: Climate and Environmental Justice Screening Tool

CIESIN: Center for International Earth Science Information

Network

Colorado (CO) EnviroScreen: Colorado Environmental Justice

Mapping and Screening Tool

CWA: Clean Water Act

DALYs: disability-adjusted life years

EH: Environmental Health

EIF: Environmental Integrity Framework

EJ: Environmental Justice

EJ/EH screening tool: Environmental Justice/Environmental

Health screening tool

EJScreen: United States Environmental Protection Agency’s

Environmental Justice Mapping and Screening Tool

EnviroAtlas: Environmental Analytical Tools Interface for

Landscape Assessments GIS Toolbox

Environmental Health Burdens/Vulnerability: any single

or combination of stressors (e.g., environmental and/or

socioeconomic) that increase the likelihood of adverse

public health effects, hazards, and potential risk to

exposed communities.

Environmental Health Stressors: Any aspect of

environmental or public health (i.e., social determinants,
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pollutants, exposure to toxicants and contaminants) that

adversely affect populations.

EPA: Environmental Protection Agency

Geographic levels: scales of geographic areas (i.e., state, county,

city, zip code, census tract, census block group)

GIS: Geographic Information System

Human Health-based Guidance Values/Reference Baseline

Values: maximum exposure to a substance that will likely not

result in an adverse harmful health risk.

Indicators: Any metric or measurement used to characterize an

aspect of environmental or public health.

IPCP: Interprofessional Collaborative Practice

LPI: Legatum Prosperity Index

MCL: Maximum Contaminant Level concentration level of

chemical/toxicants (dose-response) that is safe for humans/

animal-model can be exposed to without deleterious effects

MiEJScreen: Michigan Environmental Justice Mapping and

Screening Tool

NAAQS: National Ambient Air Quality Standards

NC ENVIROSCAN: North Carolina Environmental Justice

Mapping and Screening Tool

OLBM: Old Lead Belt Mining

PFAS: per- and polyfluoroalkyl substances

SCLA-PUSH: South Central LA Project to Understand the

Sources and Health Impacts of Local Air Pollution

SDWA: Safe Drinking Water Act

UN SDGs: United Nations Sustainable Development Goals

UN: United Nations

WASH: Water and Sanitation, Hygiene

WHO: World Health Organization

Yale EPI: Yale Environmental Performance Index
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