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BACKGROUND: Environmental health (EH) professionals, one of the largest segments of the public health workforce, are responsible for delivery of
essential environmental public health services. The challenges facing these professionals and research needs to improve EH practice are not fully
understood, but 26% of EH professionals working in health departments of the United States plan to retire in 5 y, while only 6% of public health stu-
dents are currently pursuing EH concentrations.

OBJECTIVES: A groundbreaking initiative was recently launched to understand EH practice in health departments of the United States. This commen-
tary article aims to identify priority EH practice challenges and related research needs for health departments.

METHODS: A horizon scanning approach was conducted in which challenges facing EH professionals were provided by 1,736 respondents working at
health departments who responded to a web-based survey fielded in November 2017. Thematic analyses of the responses and determining the fre-
quency at which respondents reported specific issues and opportunities identified primary EH topic areas. These topic areas and related issues
informed focus group discussions at an in-person workshop held in Anaheim, California. The purpose of the in-person workshop was to engage each
of the topic areas and issues, through facilitated focus groups, leading to the formation of four to five related problem statements for each EH topic.

Discussion: EH professionals are strategically positioned to diagnose, intervene, and prevent public health threats. Focus group engagement resulted
in 29 priority problem statements partitioned among 6 EH topic areas: a) drinking water quality, b) wastewater management, c¢) healthy homes, d)
food safety, e) vectors and public health pests, and f) emerging issues. This commentary article identifies priority challenges and related research
needs to catalyze effective delivery of essential environmental public health services for common EH program areas in health departments. An un-
precedented initiative to revitalize EH practice with timely and strategic recommendations for student and professional training, nontraditional part-

nerships, and basic and translational research activities is recommended. https://doi.org/10.1289/EHP5161

Introduction

Flint, PFAS (per-and polyfluoroalkyl substances), Zika. Hurricanes
Harvey, Irma, Maria, and Michael. Environment and health issues
that capture the public’s attention can often result in significant eco-
nomic impacts and render decidedly adverse health outcomes, par-
ticularly when interventions are not effectively and efficiently
delivered. Globally, influences of environmental pollution on health
are palpable, where disease burdens are routinely pronounced in
lower- to middle-income countries with especially vulnerable
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populations (Landrigan et al. 2018). Such observations are also rou-
tinely realized in developed countries, as illustrated recently by
PFAS- and lead-contaminated drinking water and devastation
caused by hurricanes on the Gulf Coast, Puerto Rico, and the U.S.
Virgin Islands.

In the United States, environmental health (EH) professionals
working at health departments have the responsibility to address
environment-related threats and determinants of health. These profes-
sionals are specifically charged with protecting local communities
through delivery of the 10 Essential Environmental Public Health
Services (CDC 2016), which are structured within the core functions
of public health (assessment, policy development, and assurance).
System management connects directly to each essential service and is
informed by research innovation. Thus, EH professionals form a criti-
cal component of the public health delivery system, routinely provid-
ing services to prevent adverse health outcomes and preparing for,
responding to, and recovering from disease outbreaks and natural or
anthropogenic disasters. EH professionals are strategically positioned
to identify and intervene to help prevent public health threats affecting
local communities. While various assessment efforts have described
aspects of the EH workforce (ASTHO 2016; NACCHO 2016;
Halverson 2019), a comprehensive understanding of the demo-
graphics, current challenges, and opportunities facing this profession
in the United States has remained elusive (Gerding et al. 2017).
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Prioritization activities are beneficial for professions with identi-
fied strategic research needs. For example, grand challenge exercises
in the United States for environmental engineering and health and
medicine have yielded major science and engineering themes for
future research that aim to further transform scientific discoveries,
which then ultimately translate to practice. Yet socially relevant
transformative science is achievable when efforts are based on credi-
ble science, salient policy, and aligned with societal significance
(Rudd et al. 2014). Towards this goal, research prioritization efforts
using a key research question have identified priority science and
policy research needs in conservation biology (Sutherland et al.
2009) and agriculture (Pretty et al. 2010), as well as for specific
classes of chemical contaminants (Boxall et al. 2012; Rudd et al.
2014) and global ocean systems (Rudd 2014). Horizon scanning
employs a systematic methodology for collecting information and
examining current and emerging issues or conditions to support
decision-making and strategic approaches for effectively responding
to a changing environment (Sutherland and Woodroof 2009). More
recently, the Global Horizon Scanning project, which identifies pri-
ority research needs to achieve more sustainable environmental
quality, is transparently engaging multiple science and engineering
disciplines from the academic, government, and business sectors
around the world (Furley et al. 2018; Van den Brink et al. 2018;
Fairbrother et al. 2019; Gaw et al. 2019). Collectively, these global
horizon scanning activities are already making an impact in which
specific research needs have been selected for strategic funding in
several countries.

Although EH professionals represent one of the largest seg-
ments of the public health workforce, making up approximately
10% of the local and 7% of the state health department workforce
(NACCHO 2016; ASTHO 2016), an understanding of the chal-
lenges they face now and research needed to advance their practice
in the future is decidedly lacking. In fact, the last national study of
Sanitarians, a title historically associated with a segment of EH
professionals, was performed more than a half century ago by the
U.S. Department of Health, Education, and Welfare (Pennell et al.
1963). Such an exercise appears timely and important for public

health because 26% of EH professionals working in U.S. health
departments plan to retire within 5 y (Gerding et al. 2019), but only
6% of students pursuing public health degrees are focusing their
studies in EH (Leider et al. 2018).

Here we begin to address this critical gap through an unprece-
dented initiative entitled Understanding Needs, Challenges,
Opportunities, Vision and Emerging Roles in Environmental Health
(UNCOVER-EH), which was recently launched by the Centers for
Disease Control and Prevention (CDC), National Environmental
Health Association (NEHA), and Baylor University (Gerding et al.
2017). We expanded our previous experience with horizon scanning
(Boxall et al. 2012; Rudd et al. 2014; Furley et al. 2018; Van den
Brink etal. 2018; Fairbrother et al. 2019; Gaw et al. 2019) to directly
engage EH professionals working in state, tribal, local, and territo-
rial health departments in the United States.

This initial UNCOVER-EH phase consisted of two primary com-
ponents, a web-based survey and in-person workshops. Through the
web-based survey, we received information from 1,736 EH profes-
sionals from 48 states, which included professionals working in
health departments at the state, local, and tribal levels, along with two
Pacific Island territories. In addition to providing demographic data
(Gerding et al. 2019) and identifying the primary programs in which
they deliver services (Figures 1 and 2), survey respondents were spe-
cifically asked to relay information on challenges and opportunities
facing their existing programs and issues they anticipate increasingly
engaging in the near future (5-10 y). EH professionals are delivering
essential health services in diverse programs, ranging from food
safety, emergency response, drinking water, and wastewater to vector
control, recreational waters, and hazardous materials (Figure 1).
Impressively, these professionals must be systems thinkers, problem
solvers, risk communicators, and generalists, routinely called on to
deliver essential health services for a number of programs as part of
their routine work (Figure 2). Thematic analysis of open-ended, text
survey responses and the frequency at which respondents reported
specific issues and opportunities identified primary EH topic areas
for further consideration. These topic areas and related issues thus
informed focus group discussions at an in-person workshop held in
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Specific Environmental Health Programs Delivered by Professionals in Health Departments of the United States

Figure 1. Percentage of environmental health professionals delivering specific programs in health departments of the United States. The web-based survey
allowed environmental health professionals multiple responses to indicate the various programs in which they worked. Note: A, food safety and protection; B,
public swimming pools; C, emergency preparedness and response; D, schools; E, onsite wastewater (e.g., septic systems); F, private or onsite drinking water;
G, hotels/motels; H, vector control; I, body art (e.g., tattoo); J, day care/early childhood development facilities; K, special events/mass gatherings; L, camp-
grounds and RVs; M, public drinking water systems; N, lead prevention; O, solid waste; P, smoke-free ordinances; Q, children’s camps; R, indoor air quality;
S, other recreational water (e.g., beaches); T, healthy homes; U, other; V, mobile homes; W, radon control; X, animal control; Y, land-use planning; Z, hazard-
ous waste disposal; AA, pollution prevention; BB, health-related facilities; CC, outdoor air quality; DD, hazmat response; EE, tobacco retailers; FF, noise pol-
lution; GG, cosmetology businesses; HH, collection of unused pharmaceuticals; II, radiation control; JJ, injury prevention; KK, toxicology; LL, occupational
health; MM, milk processing; and NN, poison control (n=1,736) (adapted from Gerding et al. 2019).
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Figure 2. Number of different environmental health programs delivered by
percent of respondent professionals working in health departments of the
United States (n=1,736).

Anaheim, California during the NEHA 2018 Annual Educational
Conference and Exhibition.

At the workshop, the authors, which include EH professionals
working in different capacities (field staff, managers, and direc-
tors) at state and local health departments, participated in or
facilitated two of six different 90-min focus groups (each focus
group consisted of three to four participants). After examining
submissions received from the UNCOVER-EH survey, we spe-
cifically developed four to five priority problem statements asso-
ciated with each of the six preidentified EH topics (drinking
water quality, wastewater management, healthy homes, food
safety, vectors and public health pests, and emerging issues). The
authors then finalized, through consensus, 29 priority problem
statements, following examination of challenges and needs sub-
mitted with these six topic areas. We therefore consider all the
problem statements as timely and important priorities for envi-
ronmental public health practice. Thus, we individually examine
these problem statements (in italics) by each topic area below,
and subsequently provide recommendations to advance public
health for the benefit of local communities.

Discussion of Problem Statements

Drinking Water Quality

Drinking water supplies are not consistently being monitored
and evaluated for contaminants of historical (e.g., Escherichia
coli, arsenic, lead, and nitrate/nitrite) and emerging (e.g., per-
and polyfluoroalkyl substances, noroviruses, legionella, and
algal toxins) concern. Monitoring and surveillance represent
essential environmental public health services (NCEH 2014).
Unfortunately, potable water quality remains under examined, par-
ticularly in rural areas and private wells where exposures to con-
taminants of emerging concern (e.g., PFAS, endocrine disruptors,
antibiotics), and even historically recognized threats, are unknown.
Some efforts, including the Unregulated Contaminant Monitoring
Rule (UCMR), which was developed in the United States to exam-
ine suspected contaminants in drinking water that lack health-
based standards, focus on rural drinking water (EPA 2018a).
However, these activities are inherently limited in spatial scope
and for which contaminants are evaluated (Oxenford and Barrett
2016). For example, cyanotoxins represent an increasingly impor-
tant public health threat (Brooks et al. 2016), but only a few were
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recently included in UCMR activities, and they are commonly not
evaluated in source waters. Similarly, diverse PFAS compounds
exist with limited toxicology information (Patlewicz et al. 2019),
yet these emerging threats are not routinely monitored in drinking
water supplies. Drinking water quality from private wells across
the United States remains largely unknown.

Although aging drinking water infrastructure is recognized
as an environmental public health threat for larger utilities, risk-
based interventions in smaller communities and rural settings,
including on private property, are limited. As highlighted by
recent lead contamination (Pieper et al. 2018) and Legionnaires’
disease (Schwake et al. 2016) events in Flint, Michigan, differen-
tial management effectiveness and aging drinking water infrastruc-
ture continue to present risks to public health. Population growth,
urbanization, and climate change are further stressing existing sys-
tems. However, addressing such infrastructure deficiencies while
advancing innovation in urban water systems promises to increase
urban water security and resiliency (Zodrow et al. 2017). Although
drinking water infrastructure in urban areas has received increased
attention, private water supplies (e.g., wells) and small and rural
systems have received less study than larger municipal utilities
(Allaire et al. 2018). The extent of public health risks from compro-
mised drinking water infrastructure in these smaller systems and in
rural areas requires future assessment.

Private drinking water supplies do not receive adequate envi-
ronmental health services (i.e., inform but not enforce, cannot
retest unless asked) due to inconsistent policies (i.e., no jurisdic-
tion) and public perceptions (i.e., lack of trust). Drinking water
quality of private wells and small and rural systems can be
impaired by diverse biological and chemical agents (Allaire et al.
2018). Herein, impoverished and minority communities are often
affected, which highlights diverse environmental justice chal-
lenges for addressing rural health disparities (Balazs et al. 2011;
Stillo and MacDonald Gibson 2017). Our analysis indicates that
private water supplies (e.g., wells) and points of personal uses
(e.g., inside personal residences) remain difficult to sample due to
jurisdictional barriers, and when drinking water quality is exam-
ined in these settings, EH professionals routinely inform commu-
nity members of findings but often cannot enforce and implement
corrective measures or drinking water standards compliance.
Further, if drinking water exceedances are observed in private
wells, which are not regulated by the U.S. Environmental
Protection Agency (EPA), then we identify that EH professionals
cannot retest water quality unless asked by the property owner.
These collective challenges may result in decreased public trust in
health departments, which further challenges effective delivery of
EH services. Systems research is needed to improve delivery of
essential services and address this issue.

Source water quantity (e.g., groundwater, surface water),
which is stressed by population growth, overexploitation (e.g.,
unregulated pumping), and droughts, is not consistently man-
aged (i.e., by private and public). Drought and mismanagement of
source waters directly threaten drinking water quantity and then
intersect with potable water quality concerns. In some drought-
prone regions, excessive aquifer withdrawals, which are not con-
sistently governed across the United States, are resulting in brack-
ish conditions that impair drinking water quality and compromise
conventional treatment technologies (Konikow 2013), but these
brackish groundwaters can augment drinking water resources if
desalination occurs (Ahdab et al. 2018). When groundwater is
excessively contaminated with arsenic from natural or anthropo-
genic sources, diverse chronic health risks, including cancers,
emerge from inorganic arsenic, particularly in drought-susceptible
rural areas (Gong et al. 2011, 2015). Innovative approaches, such
as the National Aeronautics and Space Administration (NASA)'s
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Gravity Recovery and Climate Experiment (GRACE) mission, are
providing novel technologies to assess groundwater deficits and
derive groundwater drought indices that can support monitoring,
surveillance, and forecasting efforts (Thomas et al. 2017). Clearly,
leveraging such technologies to identify regions where stressed
source water quality elevates public health risks, particularly in
small and rural systems and private wells, represents a pressing EH
research opportunity.

Wastewater Management

Lack of collaboration during onsite wastewater management
policy development (delegation without consideration) results in
gaps in programmatic capacity. In the United States, at least
20% of the population is served by decentralized (or onsite)
wastewater treatment technologies (e.g., septic and advanced aer-
obic) (EPA 2002, 2005). These decentralized systems are not
directly regulated by the EPA, which focuses on centralized mu-
nicipal and industrial wastewater treatment plants and thus trans-
fers responsibilities for onsite sewage management to tribes and
states (EPA 2018b). Regulatory responsibility is then routinely
passed on to the local level of government, which performs site
assessments and permits construction of decentralized systems
(EPA 2018b). Onsite wastewater management activities, training,
and workforce capacity differ among and within states. Although
such differences in local policies and practices exist, the extent to
which this fractured management system presents risks to public
health and the environment is often not directly studied until sur-
face water quality impairments are observed and regulatory
actions proceed (e.g., through development of total maximum
daily loads).

Onsite wastewater management is differentially implemented
(e.g., design parameters), administered, and assessed. New
decentralized technologies are routinely evaluated to meet several
general water quality parameters. For example, these technologies
are tested independently and certified for conformance to standards
prior to installation [e.g., standard 40 from the National Sanitation
Foundation International/American National Standards Institute
(NSFI 2018)]. However, when onsite systems are improperly in-
stalled or not functioning, use impairments for drinking water, fish-
eries, and recreation result (Bremer and Harter 2012; Withers et al.
2014; Scott et al. 2016, 2019). Such degradation of surface water
and groundwater quality directly occurs from bacteria, anthropo-
genic chemicals, and nutrients (Schaider et al. 2017), which can
stimulate development of harmful algal blooms (Brooks et al.
2016). Delivery of implementation, assessment, and enforcement
activities for onsite systems varies among and within states, result-
ing in diverse risks to public health and the environment. Spatial
magnitude, frequency, and duration of these public health risks
remain poorly understood.

There is a lack of data to support transitions from prescriptive
to performance-based standards for onsite systems. Installation
of new onsite wastewater treatment systems includes site assess-
ments using a prescriptive approach, in which locations with char-
acteristics (e.g., soil types and location to wells) suitable for a
given technology (e.g., septic) and use scenario (e.g., sewage vol-
ume per day) are determined (NOWRA 2006). Watershed hetero-
geneity inherently challenges consistent implementation of this
paradigm. Performance-based standards are ideally risk based and
include specific measures of parameters that, if not exceeded, are
expected to protect public health and the environment (NOWRA
2006). Such performance-based codes for decentralized systems
promise to more closely resemble compliance to water quality
goals of centralized systems. For example, a model code frame-
work has been developed to advance performance-based practice
(NOWRA 2006), particularly as onsite technologies continue to
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advance to address diverse and emerging water quality challenges
(Garcia et al. 2013; Du et al. 2014). However, strategic EH
research is needed to provide appropriate data to support identifi-
cation and implementation of robust performance-based efforts
across the United States.

Adverse health outcomes are presented from aging waste-
water infrastructure associated with and because of increasing
rural to urban demographic transitions and urbanization. It has
been estimated that over $1 trillion is needed over the next two dec-
ades to address aging water and wastewater infrastructure in the
United States (Selvakumar et al. 2015). Degradation of centralized
sewage treatment is now recognized as a major need; however,
infrastructure challenges for decentralized systems has received
limited attention, similar to the rural and small drinking water sys-
tems described above. Revitalizing improperly functioning decen-
tralized infrastructure appears critically important because diverse
adverse health outcomes and surface water quality impairments
(e.g., recreational use due to enteric bacterial contamination) are
associated with failing septic tanks when these systems are decades
old or were not installed properly (Borchardt et al. 2003; Tollestrup
et al. 2014). For example, hookworm is reemerging in socioeco-
nomically challenged rural areas of the southeastern United States
due to exposure from onsite wastewater (McKenna et al. 2017).
Although these decentralized systems are often considered a rural
issue, periurban and urban water quality issues have been reported,
particularly when higher-density housing with onsite systems is
developed in vulnerable watersheds of urbanizing unincorporated
areas (Forbis-Stokes et al. 2016; Scott et al. 2016, 2019). Research
is needed to identify high-risk regions across the rural-periurban—
urban gradient. This information will support prioritization of areas
requiring public health interventions.

New onsite technologies lack sustainable onsite wastewater
implementation and performance data, including during droughts
and flooding, to address emerging threats. Onsite technologies
continue to advance to address nutrient pollution and other
stresses to water quality. Although these systems must undergo
standard testing as described above, empirical performance data
in response to extreme weather events are lacking in the refereed
literature. This information is necessary because the global mag-
nitude, frequency, and duration of environmental disasters are
increasing (IPCC 2012; Field et al. 2012). As evidenced during
the 2017 hurricane season, some regions, such as the Houston—
Galveston region with over 300,000 onsite systems (www.h-gac.
com), are particularly vulnerable. For example, based on sam-
pling after Hurricane Harvey, widespread presence of antibiotic
resistance bacteria were reported in surface waters of the
Houston area (Yu et al. 2018). Such observations require further
attention because over 80% of surface waters in this region were
previously identified as impaired, including 47% of waterways
exceeding water quality standards for indicator bacteria (E. coli)
(Clean Rivers Program 2015). Here again, research is needed to
identify watersheds for interventions, develop more robust treat-
ment systems, and ensure new onsite technologies are resilient
when disasters occur.

Healthy Homes

Environmental health professionals have limited regulatory
authority to assess housing and recommend/implement correc-
tive actions. Healthy housing programs include diverse topics
that are routinely engaged by EH professionals in the United
States (CDC and HUD 2006). For example, a number of drinking
water, wastewater, and vectors problem statements are associated
with common healthy homes topics and are discussed elsewhere
in this paper. Similarly, recreational pools and spas represent an
important healthy housing program commonly delivered by EH
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professionals. Evaluation of spas and swimming pools routinely
focus on bacterial exposures, although recent studies identified
exposure to carcinogens (i.e., disinfection byproducts) in spas,
which requires additional attention (Daiber et al. 2016). Similar
to challenges associated with private wells and point-of-use
drinking water surveillance identified above, EH programs for
healthy homes efforts routinely are challenged by restricted
access to private property. Although lead exposure from drinking
water in Flint, Michigan has rightly received attention, identify-
ing the extent of degraded potable water and wastewater infra-
structure is inherently challenged by limited access to perform
point-of-use sampling. However, instead of retrospective action
following identification of problems, inspector-generated housing
inspections present opportunities to prioritize locations for inter-
ventions (Korfmacher and Holt 2018).

Another problem statement was directly related to the necessity
of more prospective interventions in healthy housing: Officials are
only reacting to hoarding and filthy housing situations once they
have become a public health and safety problem. Here again, EH
professionals are often responsible for engaging domestic health
and safety issues associated with unsanitary conditions after expo-
sures occur. It thus appears clear that, in the absence of national
scale changes in consistent regulatory responsibilities to protect
public health from such threats in residences, additional research is
needed to develop and implement technologies (e.g., sensors) and
communication channels (e.g., through smartphone apps) that
could be voluntarily adopted by the public. These advances could
provide near-real-time information on conditions of individual res-
idences or those approaching unsanitary conditions in their com-
munity to EH professionals.

Lack of public awareness regarding health and safety impli-
cations of mold, insects, and other indoor asthma/allergen trig-
gers challenges effective delivery of essential services. Asthma,
particularly in children, is directly triggered by diverse environ-
mental factors (e.g., mold, dust mites, particulates) and can be
exacerbated by poor indoor air quality (Ege et al. 2011), includ-
ing exposures to diverse organic chemicals (Bornehag et al.
2005; Salthammer et al. 2018). Unfortunately, such observations
can be pronounced in some regions (Lowe 2018), particularly
when outdoor air quality is degraded. It appears that public
awareness of the diverse factors influencing asthma is limited,
which presents translational research opportunities for collabora-
tion with and among EH professionals and community health
education specialists.

There remains continued focus on secondary prevention of
childhood lead poisoning instead of focusing on primary preven-
tion of removing lead hazards in the environment before children
are exposed. Despite an understanding of linkages between lead
exposure and impacts on children for centuries (Needleman
2009), some children continue to experience blood lead levels
that exceed CDC guidelines in communities across the United
States (Benson et al. 2017). Recently, a high-profile example of
lead exposure was observed in Flint, Michigan (Ruckart et al.
2019). However, despite this important event, lead from contami-
nated drinking water may represent a relatively lower age-
dependent point of exposure for children, especially in infants
possibly consuming formula prepared with tap water, compared
with lead from paint and dust in many areas of the United States
(Dixon et al. 2009; Zartarian et al. 2017). Elevated blood lead
levels observations in children are routinely associated with pre-
1978 housing, which may have used lead-based paint prior to the
ban in residential use, and industrial sources, especially when
local interventions are ineffective (Dixon et al. 2009). Further,
elevated blood lead levels are often associated with socioeco-
nomically depressed areas in which higher proportions of

Environmental Health Perspectives

125001-5

minority populations reside (Schultz et al. 2017). Blood lead test-
ing results provide an important safety net for children who have
been exposed to lead. However, primary prevention of lead expo-
sure, before children are poisoned, should be advanced to prevent
effects on childhood development in the United States.

Abdication of responsibility by rental property owners is
affecting public health in situations where tenants are under-
served populations. Health equity intersections with challenges
delivering environmental public health services remain palpable
in some regions of the United States (Morello-Frosch and
Shenassa 2006). Such social determinants of health are often
highlighted by housing conditions and corresponding health
inequities experienced by underserved populations (Jacobs et al.
2009), including immigrant populations. If rental property own-
ers abdicate their responsibilities to ensure healthy housing for
tenants, then adverse health outcomes can result. Unfortunately,
much like the EH delivery system, consistent implementation of
building codes and health homes goals for rental housing appears
fractured within and among states. Research is needed to define
the extent to which unacceptable conditions are being experi-
enced by tenants and which interventions are necessary in local
communities.

Food Safety

Environmental health programs lack capacity to identify and
regulate illegal food vendors and home kitchens. Ensuring food
safety through regulation and inspection is a primary service of
most local and state health departments (NACCHO 2016;
ASTHO 2016). Reductions in local health department capacity
and budgets have resulted in negative impacts to EH services,
including food safety programs (Li and Elligers 2014). The food
safety landscape continually evolves with the introduction of new
food types and alternative food service settings (e.g., food trucks
and home kitchens). The observation of critical food safety risk
factors among food trucks is not uncommon; however, difficulties
in locating trucks can create regulatory challenges (Faw and
Tuttle 2014). These conditions are also applicable in the case of
home kitchens. Identification and effective regulation of these
food service anomalies, which are becoming more and more
common, requires increased EH program capacity.

Environmental health professionals cannot consistently reg-
ulate and/or monitor cottage foods and food additives. Cottage
foods are those prepared in a home kitchen and sold to the public
at a variety of venues such as farmers’ markets. Acknowledging
the challenges associated with regulating cottage foods, the
Association of Food and Drug Officials published a guidance
document on best practices for regulating cottage foods (AFDO
2012). Jurisdictional laws on cottage food regulation vary across
the United States, creating challenges for regulating these facility
types. Conducting inspections is a necessary regulatory function,
yet home kitchens are not easily identified, especially in the ab-
sence of permitting requirements (AFDO 2012). The Food and
Drug Administration (FDA) approves the use of certain food
additives and offers a decision tree for determining the regulatory
status of additives (FDA 2018). While certain food additives may
be assigned a regulatory classification, challenges remain in
determining whether unsafe, unregulated additives are added to
foods.

Food service workers lack the ability to apply their food
safety training to their food safety systems at an operational
level. Food safety training is recognized as a primary intervention
for ensuring food service workers follow safe food handling prac-
tices. Certification, commonly preceded by training, has shown to
result in increased food service worker knowledge (Brown et al.
2014). Additionally, research shows that training may improve
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knowledge and influence behaviors associated with proper hand
hygiene (Soon et al. 2012). While training occurs and benefits to
being trained are noted, food service workers may not consis-
tently apply their food safety knowledge in the kitchen or opera-
tional settings.

Sick workers are working while sick. The FDA Food Code
requires that workers exhibiting certain symptoms of illness (e.g.,
diarrhea) be excluded from work (FDA 2017). However, high
percentages of food service employees work while sick. This
may be associated with factors such as restaurant policies not
addressing sick workers, concerns about leaving the restaurant
short-staffed, and the threat of job loss for not coming to work
(Carpenter et al. 2013; Norton et al. 2015). Charles and Radke
(2017) explained that federal laws like the Health Insurance
Portability and Accountability Act and Americans with Disabilities
Act do not prevent managers from speaking with employees about
illness. Managers may consider promoting a culture of open com-
munication, encouraging staff to discuss illness-related symptoms
with management. Policies encouraging staff to talk with managers
when ill may also lead to fewer workers working while ill (Sumner
etal. 2011).

Governing bodies of environmental health programs do not
always have an understanding of the value of interventions and
may have competing interests other than public health. Rapid
changes and developments in the food safety arena require
increased programmatic capacity and a robust workforce. This, in
turn, necessitates governing body support for enhancing food
safety programs. Government decision-makers and leaders face
challenges when determining priority programs or areas to
receive, in most cases, already limited available resources.
Communicating the value of related interventions, such as train-
ing for food service workers and performing regulatory services,
is important for ensuring awareness of the value of food safety
interventions and increasing support and resources for strength-
ening food safety programs.

Vectors and Public Health Pests

There is indication that vectors are spreading to new areas, but
there is a lack of surveillance and understanding. Emerging
vector-borne diseases and the spread of vectors to new geo-
graphic areas (e.g., Zika virus and Aedes aegypti and Aedes albo-
pictus mosquitoes), particularly with changing climate, reinforces
the need for increased resources and enhancement of surveil-
lance, educational, and policy-related interventions (Imperato
2016). While mosquito vectors are spreading to new areas, local
and state health department arboviral surveillance capacity has
decreased (Hadler et al. 2015). In general, the emergence of
vector-borne pathogens and disease, along with significant
increases in tick-borne disease rates, require strengthened vector
and vector-borne disease surveillance (Rosenberg et al. 2018)
and research to identify and manage such threats as climatic and
habitat changes occur.

Pest management policies restrict control methods and pro-
grams cannot expand their approaches. Limitations in existing
pest management policies may restrict jurisdictional use of new
approaches and strategies for controlling vectors and public
health pests. Factors such as pesticide resistance require new vec-
tor control methods. The methods include, for example, biocon-
trol strategies such as use of biological organisms or releasing
sterile mosquitoes to impact vector populations and control vec-
tors (Benelli et al. 2016). Technological advances and develop-
ment of alternative control methods may require evaluation of
existing pest management policies and ensuring the ability to
employ new vector control strategies.
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The authority to address bed bug complaints is not clearly
defined. Bed bugs, which are not known to transmit disease but
are recognized as pests of public health significance, can be a
source of public concern (Goddard and deShazo 2009; Kaylor
et al. 2015). Addressing bed bug infestations, especially in multi-
family housing units, is challenging and requires an integrated
pest management approach consisting of a range of strategies
(Bennett et al. 2016). Bed bugs present significant public health
challenges and concerns (Lai et al. 2016), yet agency policies are
not consistent among and within states and do not always clearly
specify the authority to respond or enforce requirements to
address bed bugs infestations.

Public education and awareness of vector prevention and
control is limited. The Interim CDC Recommendations for Zika
Vector Control in the Continental United States highlighted com-
munication and educating the public about controlling A. aegypti
and A. albopictus mosquitoes as an essential element for prepar-
ing to control Zika virus vectors and the potential for disease
transmission (CDC 2019). Additionally, educating the commu-
nity about EH issues is one of the 10 essential environmental
public health services (CDC 2016). However, much like indoor
air and allergen challenges discussed above, there remain limita-
tions in the public’s awareness of vector prevention and control
strategies. Here again, this area presents an opportunity for col-
laboration with community health educators.

Lack of coordination and communication in community
design and construction can lead to the creation of vector habitat
opportunities. Anthropogenic changes or alterations to the envi-
ronment, specifically landscapes, can create conditions (i.e., safe
harborage spaces) conducive to vector presence and potential
vector-borne disease transmission (Reisen 2010). Establishing
relationships between governmental partners, planners, contrac-
tors, and others involved in community design or construction is
essential for addressing environmental factors in the community
that may create vector habitats or be conducive to the presence of
vectors and pests. Efforts to encourage increased coordination
among stakeholders could prevent the creation of vector habitats as
they may result from community design and construction projects.

Emerging Issues

Expectations are to increase involvement and activities in non-
traditional areas, such as regulating new facility types, substan-
ces, and community events without opportunities to incorporate
science and best practices. The expansion of EH regulatory
responsibilities in nontraditional areas and facility types (e.g.,
body art, cannabis-infused products, or large-scale community
events of varying themes and attractions) requires the incorpora-
tion of science and best practices into regulatory functions.
However, delegation and requirements to fulfill such responsibil-
ities are commonly accompanied with an urgent need to respond.
This urgency limits opportunities to establish regulatory approaches
based on current knowledge and science. Research is needed to
advance proactive, rather than reactive, response systems to ensure
the timely development of best practice-based guidelines.
Regulations and guidelines are outdated, not existent, or
behind industry advances and standards for new facility types
and events (e.g., body art and swimming pools). The availability
of up-to-date standards for EH professionals is crucial for effec-
tively regulating traditional and new facility types. Responses to
the need for such standards include the CDC’s release of the
Model Aquatic Health Code (2018) and NEHA'’s release of a
Body Art Model Code and subsequent updates (Hlavsa et al.
2015; Armstrong and Fell 2000; NEHA 2018). While current
standards may exist, jurisdictions sometimes face legislative chal-
lenges with adopting new standards and regulatory guidelines.
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Research is needed to examine best practices, modify existing
standards where necessary, and develop new standards to address
outdated practices.

Environmental health professionals are expected to respond
to a wide range of emergencies or disasters without inclusion in
planning efforts. Recognizing the emergence of public health
threats and the need for rapid response to and recovery from emer-
gencies and disasters, there has been a call to action for ensuring an
equipped and ready EH workforce (National Environmental
Health Partnership Council 2017). EH professionals fulfill a criti-
cal role in emergency response and recovery; however, they are
commonly left out of community emergency response prepared-
ness (e.g., planning, exercises, and training) efforts in the United
States. Collaboration among EH, emergency responders, and other
community stakeholders can establish a high level of community-
based emergency preparedness (Eldridge and Tenkate 2006;
Gamboa-Maldonado et al. 2012), particularly given increased rec-
ognition of noncommunicable diseases following disasters (Ryan
et al. 2018). Future research is needed to comparatively examine
the structure of emergency response systems to optimize prepared-
ness and disaster risk reduction efforts.

Environmental health has limited involvement in population
health and health equity initiatives. Public health departments
are engaging in population health and health equity initiatives to
address health disparities in communities without EH involve-
ment. However, involvement from multiple public health disci-
plines is essential to addressing community health disparities
(Richardson 2016). Health departments are seeking accreditation
through the Public Health Accreditation Board, which exempli-
fies engagement in an initiative leading to improved population
health and addressing health equity (Yeager et al. 2016; Wooten
et al. 2018). EH plays an important role in the accreditation pro-
cess (Gerding et al. 2013), which likely extends to other initia-
tives aimed at improving population health and addressing health
equity. Future research efforts are clearly needed in this space.

Environmental health’s role in sustainability and commu-
nity planning is not clearly defined. Sustainability and commu-
nity planning are topics receiving much attention from local and
state governments, and EH has an undefined role to play. In terms
of community planning, the built environment and community
design are areas that can benefit from EH expertise. For example,
EH professionals may be able to contribute to transportation plan-
ning efforts to address related community health impacts or
inform a parks and recreation program’s approach to protecting
sensitive environments and increasing green space to promote
physical activity (Whitfield and Wendel 2015; Merriam 2016).
Urban sprawl is another phenomenon with sustainability and
environmental implications for air pollution, land use, and water
quality and quantity (Frumkin 2002). EH professionals have a
vested interest in and can make substantial contributions to sus-
tainability and community planning, yet a defined role is lacking
in most jurisdictions.

Conclusions

EH is a foundational area of public health (Leider et al. 2015),
providing core public health science formation during undergrad-
uate and graduate training programs. EH professionals are critical
to the public health delivery system as they consistently engage
multiple program areas (Figure 2), routinely respond to disasters
and other emergencies (Figure 1), and are strategically positioned
to diagnose, intervene, and prevent historic and emerging threats
(NEHA 2017). Here, we report an initial effort to identify chal-
lenges and research opportunities for common EH programs of
health departments in the United States. After receiving informa-
tion from over 1,700 EH professionals from health departments,
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we developed 29 priority problem statements that identify key
challenges and represent important delivery and research needs
in this field. We further provide recommendations to strategically
engage these timely problem statements through training, partner-
ship, and research activities (Figure 3).

As noted above, Gerding et al. (2019) recently identified that
26% of EH professionals in health departments plan to retire in
the next 5 y. Although these and other important workforce issues
are facing the EH profession (Gerding et al. 2019), academic
training at the undergraduate and graduate levels is not currently
meeting such trajectories. For example, only 6% (in 2015) of stu-
dents in public health degree programs are pursuing EH concen-
trations (Leider et al. 2018), but EH training provides scientific
rigor necessary to engage historic and emerging threats to public
health. Further, this percentage has decreased by 5% over the past
two decades (from 11% in 1996), which contributes to EH practi-
tioners sometimes perceived as an “invisible” or a “silent” profes-
sion (Blake 2007; Whiley et al. 2018). Such trends are decidedly
problematic because the environmental determinants of health
will continue to present leading threats to public health. Thus,
expanding the number of students enrolled in EH undergraduate
and graduate programs, including master of public health concen-
trations in EH, represents a critically important national health
care necessity (Figure 3). Similarly, once professionals enter the
workforce, the registered environmental health specialist (REHS)/
registered sanitarian (RS) credentials support professional prepar-
edness through initial competency examination and continuing
education. However, REHS/RS credentialing are not consistently
required within and among states, tribes, and territories, but for-
mally requiring these credentials would improve consistency in
EH workforce training and health service delivery. Based on our
assessment of UNCOVER-EH information submitted by EH pro-
fessionals, it thus appears necessary to launch a strategic training
effort at the national scale to meet these timely EH training needs
(Figure 3).

EH professionals are clearly not alone in engaging challenges
associated with the problem statements in common program areas
identified here. Effective delivery of the essential services inher-
ently requires partnerships within local communities, among sec-
tors, and across professions. For example, strategic partnerships
between institutions of higher learning and health departments
can support evidence-based decision-making in local health
departments (Erwin et al. 2019). To address local health chal-
lenges and enhance resiliency when emerging threats present and
disasters occur, we recommend that EH professionals should pur-
sue nontraditional partnerships and strengthen existing partner-
ships, particularly by working more closely with other public
health disciplines (e.g., laboratorians, epidemiologists, and com-
munity health educators) within and among health departments
and other government agencies, and with nonprofits and univer-
sities. We also see utility of implementing a project team-based
public health leadership program, which would couple EH pro-
fessionals with laboratorians, epidemiologists, and community
health educators (Figure 3). Further, we submit that EH profes-
sionals working in health departments are ideal partners for trans-
lational science researchers from government agencies and
academic institutions, but partnerships are not consistently occur-
ring within and among geographic regions. Simply stated, we
identify this space to represent a reciprocally beneficial opportu-
nity for EH professionals and translational researchers (Figure 3).

Addressing the problem statements reported here will not be
trivial, but doing so is decidedly necessary to protect public health
of local communities. It therefore seems appropriate to launch a
new national-scale science—practice research initiative. For exam-
ple, the National Nanoscience Initiative has significantly advanced
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1. Training

« Academic preparation. Environmental public health practitioners are vital for health care
delivery, but workforce shortages and training gaps exist. Currently, environmental health
training is not sufficient to meet these workforce needs. Robust science-based training in
environmental health, particularly through expansion of environmental health students
and academic programs, represents a critical training need.

 Professional credentials. The Registered Environmental Health Specialist / Registered
Sanitarian credentials are not consistently required within and among States, Tribes and
Territories. Requiring professional credentials for environmental health professionals
would increase consistency, capacity, quality and preparedness for emerging threats.

« Strategic national training. A strategic national training program should be launched to
meet environmental health staff training needs. This will require coordination among
agencies, academic and other organizations.

2. Partnerships

» Nontraditional partnerships. Effective delivery of essential environmental public health
services requires partnerships, and strategic partnerships between academic institutions
and health departments supports evidence-based decision making. To address local
challenges and enhance resiliency, environmental health professionals should expand
and strengthen existing partnerships by working more closely with other public health
disciplines (e.g., laboratorians, epidemiologists, community health educators), nonprofits
and universities.

Joint leadership program. A public health leadership program with environmental

health professionals and other key partners at health departments, including

epidemiologists, laboratorians and community health educators, should be pursued
through a project team approach. This program should facilitate new cooperation and
understanding of disciplinary roles and expertise.

« Translational science partnerships. Environmental health professionals are
indispensable partners to maximize impact of translational research. Developing new
strategic connections among academic and government researchers, and environmental
health practitioners in health departments is necessary.

3. Research

» Strategic research initiative. A national scale research initiative should be launched to
address the priority environmental health practice challenges and research needs
identified here. This initiative is necessary to strengthen basic and translational science
relevant for environmental health professionals engaging historic and emerging health
threats in local communities.

 Integration with existing programs. Environmental health professionals in health
departments should be more closely integrated within translational research teams,
community outreach and engagement efforts, and citizen science activities. Such
integration promises to support innovation and increase research impact within local
communities.

Figure 3. Environmental health practice recommendations.

research, through individual investigator grants, center grants, and
training grants, on the environmental implications of nanotechnol-
ogies, but it required coordination of academic and government
research with multiple federal agencies (Www.nano.gov). A simi-
lar initiative appears warranted to advance toward addressing EH
science—practice priorities. Although timely environmental quality
research questions for North America were recently identified
(Fairbrother et al. 2019), and many of those questions examined
environment and health interfaces, coordinating environmental
quality research among research scientists and engineers with EH
professionals in health departments is underdeveloped but promises
transformational benefits for public health and innovation. We rec-
ommend that EH professionals should also more significantly
engage in translational research teams through community outreach
and engagement cores and citizen science programs (Figure 3).
Because we specifically targeted EH professionals in health
departments for the current study, future phases of UNCOVER-
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EH could perform similar studies with professionals in other gov-
ernmental agencies, private settings, and other professions engag-
ing EH. Similarly, formally ranking these priority problem
statements by EH professionals could provide more geographi-
cally detailed information to tailor regionally specific basic and
translational research and practice activities. We expect informa-
tion from the current study will be useful for EH research and
practice efforts in other countries. Engaging the problem state-
ments identified here will require commitment but doing so will
catalyze future science—practice research program trajectories in
EH, which aim to improve the delivery of the essential services
and protect the health of local communities.
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