ADVANCEMENT OF THE SCIENCE

Identifying Workforce Education,
Training, and Outreach Needs in
Decentralized Wastewater and
Distributed Water Reuse

A b S t rac t Although decentralized wastewater and distributed
water reuse professionals represent a key part of environmental public
health and environmental engineering, an understanding of workforce
challenges has remained elusive. Here we begin to address the critical need
of understanding education, training, and outreach needs for decentralized
wastewater and distributed water reuse. We specifically engaged professionals
working in health departments and other government agencies, industry,
academia, and nongovernmental organizations. We examined workforce
characteristics related to education, training, and outreach. We found that
37% of decentralized wastewater and distributed water reuse professionals
plan to retire within 5 years, approximately 25% of these professionals do
not hold any type of certification, and education and training are insufficient
to meet current workforce demands.

We further report 10 problem statements associated with timely
education, training, and outreach needs, which represent important
opportunities for improving the practice of decentralized wastewater
and distributed water reuse. Strategic education, training, and outreach
activities are necessary to ensure workforce preparedness, to promote
education with owners of onsite technologies, and to expand advanced
training and translational research programs in decentralized wastewater
and distributed water reuse. Our findings can specifically support decision
making aimed at sustaining and advancing the decentralized wastewater
and distributed water reuse workforce.

Introduction

Decentralized—or onsite—wastewater and
distributed water reuse is a core part of envi-
ronmental public health and environmental
engineering, which is commonly managed
by environmental health practitioners at the
local level of government. In the U.S. alone,
itis estimated that 1 in 5 households depend
on septic tanks or some other form of decen-
tralized (or onsite) wastewater treatment
system. In the Houston-Galveston region
of Texas, for example, more than 300,000
onsite wastewater systems exist (Houston—
Galveston Area Council, 2023).
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Decentralized systems are expected to
become increasingly important and wide-
spread in the future, as 1 in 3 newly built
homes are using onsite systems in the U.S.
(U.S. Environmental Protection Agency [U.S.
EPA], 2021a). Historically, onsite systems
have been used commonly in rural areas
where centralized municipal water treat-
ment is infeasible. Onsite systems could serve
more communities in the future, however, as
they have been identified as sustainable and
affordable alternatives to centralized systems.
Decentralized and distributed water reuse
technologies are advancing, and the use of
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onsite systems is growing around the world
across urban—periurban-rural gradients.
Decentralized wastewater and distributed
water reuse professionals are responsible
for delivering essential environmental pub-
lic health services that aim to protect and
promote the health of all people in all com-
munities (Centers for Disease Control and
Prevention, 2023). Properly functioning
decentralized wastewater systems are crucial
for protecting public health in small, rural,
and periurban communities. Professionals
in onsite wastewater and distributed water
reuse contribute to the design, preparation,



installation, operation, maintenance, and reg-
ulation of decentralized wastewater systems.

Without a competent and well-equipped
workforce, however, decentralized wastewa-
ter programs can fail to deliver essential envi-
ronmental public health services, and when
this occurs, can also fail to protect public
health and the environment. Over the past
20 years, the onsite wastewater and distrib-
uted water reuse workforce consistently has
been noted as an issue of potential concern
in environmental health and environmental
engineering (Boepple-Swider, 2008; Con-
verse, 2004; Deal et al., 2004, 2007; Grigg,
2009; Guvernator & Landaeta, 2020; Hacker
& Binz, 2021; Olstein, 2005; Reid et al.,
2007; Rupiper & Loge, 2019; Siegrist, 2014,
Spirandelli et al., 2019; Struck, 2008).

In 2021, in response to these workforce
concerns, the US. Environmental Protec-
tion Agency (U.S. EPA, 2021a, 2021b, 2021c¢)
released three reports focused on workforce
implications in decentralized wastewater.
Important data gaps for the onsite waste-
water workforce remain, including types of
occupation, demographic characteristics, and
strategies to improve education and train-
ing programs needed for jobs in the future
(US. EPA, 2021b). In addition, The Water
Research Foundation (2022) examined bar-
riers and opportunities for onsite and dis-
tributed water reuse implementation in the
US. by specifically embracing a “One Water
in the 21st Century” approach that considers
all urban waters (e.g., drinking water, storm-
water, wastewater) as interconnected within a
systems-based context.

Horizon scanning—a common tool in
public health—presents a useful approach
to identify emerging problems and needs in
science, engineering, and health disciplines.
The Understanding the Needs, Challenges,
Opportunities, Vision, and Emerging Roles
in Environmental Health (UNCOVER EH)
initiative—led by the Centers for Disease
Control and Prevention, the National Envi-
ronmental Health Association (NEHA),
and Baylor University—reported workforce
characteristics (Gerding et al., 2019), iden-
tified practice-based research needs (Brooks
et al., 2019), and provided recommenda-
tions to advance the practice of environmen-
tal public health (Gerding et al., 2020). A
number of professional priorities were also
identified related to hiring and retaining

appropriately trained professionals (Brooks
& Ryan, 2021).

Because education and training needs for
decentralized wastewater and distributed water
reuse remain poorly understood, the National
Onsite Wastewater Recycling Association
(NOWRA) and Baylor University launched
the Needs for Onsite Wastewater Recycling
Research (NOW-R?) initiative with diverse
partners. Partners included professionals in
multiple disciplines who work within health
departments, different segments of the indus-
try, and academic educators and researchers.
NOW-R? employed workforce assessment and
horizon-scanning methods to examine decen-
tralized wastewater education, training, and
research needs by considering diverse practice
perspectives in this field.

We report key findings from a web-based
survey, which we anticipate can inform work-
force development efforts in the future. Our
findings from diverse perspectives and geo-
graphic regions represent an initial attempt
to understand education and training needs
for decentralized wastewater and distributed
water reuse practitioners in the U.S. Further-
more, our findings can inform related activi-
ties in other countries.

Methods
To identify priority research needs in onsite
wastewater, the NOW-R* survey followed a
model used in previous horizon-scanning
exercises (Boxall et al., 2012; Brooks et al.,
2019; Fairbrother et al., 2019; Furley et al.,
2018; Gaw et al.,, 2019; Gerding et al., 2019,
2020; Leung et al., 2020; Rudd et al., 2014; Van
den Brink et al., 2018). We identified potential
survey respondents through NOWRA mem-
bership or attendance at previous NOWRA
meetings; State Onsite Regulators Association
membership; National Association of Waste-
water Technicians membership; and select
NEHA members who work in this field. In
addition, we conducted a review of the refer-
eed literature, which identified corresponding
authors who had published on decentralized
wastewater. Thus, our group of potential sur-
vey respondents included professionals from
a diverse array of academic institutions, gov-
ernment agencies, businesses, and nongovern-
mental organizations.

The NOW-R? survey was launched in 2021
and remained open for 6 weeks. Follow-up
with respondents included five points of con-

tact during the survey response period, fol-
lowing a standard internet survey delivery
protocol (Dillman et al., 2014). The survey
included multiple parts, was designed to
take <30 min to complete, and respondents
could choose to leave the survey at any time
without completing it. Only fully completed
responses were included in our analysis.
Our study specifically followed established
methods previously described by Gerding et
al. (2019) and Brooks et al. (2019) and was
approved by the Institutional Review Board at
Baylor University.

The web-based survey consisted of mul-
tiple-choice and open-ended questions.
Multiple-choice questions collected data on
basic demographics, education and training,
employment history, and other professional
information about the survey respondents to
understand the current status of the work-
force. We also asked open-ended questions
related to professional needs and challenges
for the future of decentralized wastewater
and distributed water reuse: “Within the next
5-10 years, what decentralized wastewater
issues or challenges will require new or mod-
ified programs or technologies?” and “What
resources or tools will you need to do your
job in the future?”

By the end of the survey period, we received
454 responses from professionals across mul-
tiple sectors (e.g., academia, government,
industry, nongovernmental organizations)
and disciplines. We partitioned these open-
ended responses into common themes, one
of which was workforce education, training,
and outreach. We examined 55 responses that
were directly related to workforce education,
training, and outreach needs for overlap. We
then identified common problem statements,
which are discussed in this article.

Results and Discussion

Demographics

Of the survey respondents, one half (50.2%)
were at least 55 years of age. More spe-
cifically, the largest age group (26.7%) was
56-65 years. Overall, <1% of respondents
were under 25 years and 7.9% represented
the next-lowest age group bracket of 26-35
years. The majority of respondents (78.4%)
self-identified as male. All categories of race
were represented by decentralized waste-
water professionals in the survey. The most
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frequently reported race was White (91.4%),
followed by Asian (4.4%), Native American
or Alaska Natives (2.0%), Black or African
American (1.5%), and Native Hawaiian or
Pacific Islander (0.7%). Furthermore, 4.2%
of respondents reported being Hispanic.
Increasing the diversity of the decentralized
workforce represents a timely and important
education and training opportunity.

Employment Characteristics

The results of our survey indicate that
respondents are highly experienced in
decentralized wastewater and distributed
water reuse. The largest group of respon-
dents reported >30 years of work experience
in the industry (21.6%), and nearly one
half (45%) had at least 20 years of experi-
ence (Figure 1). The second largest group
of respondents, however, reported entering
the profession only within the last 5 years
(16.8%). Respondents in other age groups
were fairly evenly distributed. The survey
also asked professionals about their retire-
ment plans; we found that 37.0% of respon-
dents plan to retire within the next 5 years.
This percentage is higher than the num-
ber of environmental health professionals
(26.0%) who were asked the same question
during the UNCOVER EH initiative, which
only examined environmental public health
professionals working in health departments
(Gerding et al., 2019). Nearly one half of
the professionals surveyed worked in the
business sector (47.5%), while 34.9% were
employed by governments at the federal,
state, local, or territorial levels (Figure 2).
The remaining professionals were employed
by academic institutions (10.4%) or non-
governmental organizations (7.3%).

The decentralized wastewater and dis-
tributed water reuse workforce represents a
variety of different occupations, which was
reflected by the diversity of professionals
who responded to the survey (Figure 3). The
most commonly reported job types included
engineer (15.4%), environmental health
professional (13.0%), installer (12.2%),
and designer (9.8%). The survey included,
however, representation from all occupa-
tions in the industry, from educators and
researchers to professionals focused on the
design, installation, maintenance (including
pumpers), and regulation of onsite systems.
Moreover, onsite and distributed water reuse
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FIGURE 1

Years of Experience of Professionals Working in Decentralized
Wastewater and Distributed Water Reuse
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FIGURE 2

Employers of Professionals Working in Decentralized Wastewater
and Distributed Water Reuse
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(9.5%), and $65,000-$74,999 (9.3%). their level of higher education attained. The



FIGURE 3

Primary Type of Work Performed by Decentralized Wastewater and
Distributed Water Reuse Professionals
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Primary Type of Work in the Profession
Note. A = engineer; B = environmental health; C = installer; D = designer; E = regulator at tribal, territorial, or state
level; F = academic researcher; G = service provider; H = public inspector; | = academic educator; J = soil scientist;
K = government researcher; L = soil evaluator; M = pumper; N = operator; O = private inspector; P = regulator at
federal level; Q = funder.

most commonly reported degree attained
was a bachelor’s degree, reported by 32.8%
of survey respondents. The next most com-
mon degrees were master’s degree or equiva-
lent (26.3%), high school diploma or GED
(23.5%), doctoral degree or equivalent
(10.8%), and associate degree (5.8%).

In addition to educational degrees, many
professionals in decentralized wastewater are
required to obtain credentials to do their work,
including certifications and licenses. Our sur-
vey results indicated that 26.0% of respondents
do not hold any type of certification. Of those
certified, the majority are certified through the
state government (58.4%), while other certifi-
cations are administered by local governments
(13.9%) or professional associations (4.8%).
Respondents reported a wide variety of cer-
tifications and licenses (Figure 4). The most
commonly reported certifications include Cer-
tified Installer of Onsite Wastewater Treatment
Systems (CIOWTS), Professional Engineer
(PE), and Registered Environmental Health
Specialist/Registered Sanitarian (REHS/RS).

Continuing Education and Training
As part of the NOW-R? survey, we asked
respondents four questions about their con-
tinuing education and training (Table 1).
When asked about the frequency of com-
pleting continued education, 72.8% of the
surveyed professionals reported completing
continuing education annually, whereas oth-
ers reported every 2- or 3-years (12.1% and
3.4%, respectively) or more than once per year
(3.8%). Most respondents (64.0%) indicated
that they had completed training within the
last year, and over 90% completed training
in the last 3 years. Over one half completed
training in person (52.7%), while 39.3% com-
pleted training virtually. Although only 7.9%
of respondents did not attend continuing edu-
cation over the previous 3 years (2018-2020),
this number increased to 36.0% in the past
year and thus the lower numbers might have
resulted from the global COVID-19 pandemic.
The pandemic was specifically identified by
15.0% of respondents as precluding opportu-
nities for continuing education (Table 1).

Problem Statements
From responses to open-ended questions
related to future needs and challenges, we
identified common themes and then devel-
oped 10 problem statements for workforce
education, training, and outreach. These
statements represent important opportunities
for the practice of decentralized wastewater
and distributed water reuse.

1. There is a decline in the number of
onsite wastewater professionals due to
an aging workforce and retirements.
The onsite and distributed water reuse
workforce consists of many highly expe-
rienced, long-term professionals who are
retiring at increasing rates, especially over
the next 5-10 years (US. EPA, 2021c).
Almost one half of our survey respon-
dents reported having at least 20 years of
experience working in the profession. As
noted previously, 37.0% of survey respon-
dents indicated that they plan to retire
within the next 5 years, which is greater
than the reported percentage (26%) of
environmental public health profession-
als working in health departments who
plan to retire within the same period
(Gerding et al., 2019). This anticipated
high number of professionals planning
to retire creates the problem of who will
train new professionals in the future.
The decline in professionals is an even
larger issue given the fact that the field of
decentralized wastewater is experiencing
further growth, with 17 of 34 occupations
designated as “Bright Outlook” jobs (U.S.
EPA, 2021a). There already are a large
number of existing onsite systems nation-
wide that require routine maintenance—
and newer, more technologically complex
systems are installed each year at increas-
ing rates. The number of students study-
ing environmental health alone in higher
education, for example, is insufficient to
meet this need (Brooks et al., 2019; Gerd-
ing et al., 2019).

2. University-level programs in onsite
wastewater that train new professionals
and conduct critical research on decen-
tralized systems are limited.

As noted during listening sessions held by
the US. EPA at the 2018 NOWRA Mega-
Conference and the 2019 NEHA Annual
Educational Conference, increasing oppor-
tunities for onsite and distributed water
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FIGURE 4

Certifications Held by Decentralized Wastewater and Distributed

24

reuse education in universities, techni-
cal colleges, and community colleges are
needed (US. EPA, 2021b). There appear
to be few bachelor’s degree programs that
include concepts and principles in decen-
tralized wastewater, which results in many
professionals having to learn on the job and/
or rely on continuing education training
programs (U.S. EPA, 2021b). Respondents
emphasized a need to foster college-track
coursework to guide new professionals into
the workforce. In addition to coursework,
there is a need to expand research oppor-
tunities involving graduate students as well
as the number of experts in the field who
train students and conduct research spe-
cifically in decentralized wastewater.
Continuing education classes do not
consistently include hands-on, engaging,
or effective best practices or educational
techniques and often do not keep pace
with the development of more advanced
decentralized technologies.

Typically, training courses are provided
by state- and national-level associations
for continuing education credit, and the
majority of respondents have received
training in the past few years. US. EPA
(2021a) recognized, however, that many
continuing education classes use outdated
curriculum and course materials, such that
there is a need for improved communica-
tion and partnership between the private
sector and educators to keep continuing
education classes updated and effective.
These observations are consistent with
survey respondents, who emphasized
that training programs must adapt as new
technologies emerge and alter industry
practices. Decentralized wastewater and
distributed water reuse professionals are
also concerned that continuing education
classes are boring and ineffective. Training
should be hands-on when possible and
include testing and follow-up based on
worker performance in the field.

A shortage of education and training
programs limits the number of qualified,
certified, and experienced professionals
in the onsite wastewater workforce.
Similar to other areas of public health
in general—and environmental pub-
lic health in particular (Brooks & Ryan,
2021; Gerding et al., 2019)—the onsite
and distributed water reuse field appears
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to be experiencing a shortage of quali-
fied workers in all stages of the life and
planning of onsite systems (U.S. EPA,
2021c). Survey responses further rein-
forced this perception with many sur-
vey respondents expressing difficulty in
finding properly educated people with
the required credentials to fill entry-level
roles. Training programs are especially
important for workers in the private sec-
tor, who frequently may not receive for-
mal higher education and instead often
learn while on the job. Technical and
community colleges might be effective
in providing opportunities to expand
relevant training program offerings (U.S.
EPA, 2021c). Another problem arising
from education and training programs
is that public sector professionals might
not hold the same credentials or licenses
as private sector workers and vice versa,

which could result in challenges with
regulatory implementation within the
decentralized wastewater and distributed
water reuse field (U.S. EPA, 2021a).
Recruitment of early-career professionals
and awareness of employment opportu-
nities in onsite wastewater is limited.
The aging workforce needs to be addressed
with new hiring, career path promo-
tion, and marketing of the industry and
opportunities in multiple sectors. Current
recruitment of new professionals, specifi-
cally at earlier career stages, is not meeting
hiring demands across the nation. Recruit-
ment efforts of new professionals might
be limited because of a lack of awareness
of career opportunities. Of 34 decentral-
ized wastewater occupations that U.S.
EPA (2021a) outlined, one half of these
occupations were categorized as “Bright
Outlook” jobs, and over one half (58%) of



KBLE 1
Continuing Education and Training of Decentralized Wastewater and
Distributed Water Reuse Professionals
Have you completed any training courses in the last year?
Yes 64.0
No 36.0
How often do you typically attend continuing education?
More than once per year 3.8
Annually 72.8
Every 2 years 121
Every 3 years 3.4
None 7.9
What type of training have you attended in the last 3 years?
In person 52.7
Virtual/online 39.3
None 79
How was your continuing education affected by COVID-19?
Not at all 20.7
No opportunity for continuing education 15.0
Attended virtual/online training 64.3

these occupations were also categorized as
“Green Jobs” that include environmentally
focused practices. Similar to other public
health disciplines, however, small or rural
communities often struggle with recruit-
ment and retention due to challenges in
offering competitive wages (U.S. EPA,
2021a). Recruitment efforts, therefore,
must also improve the economic desirabil-
ity of work in the profession.

6. Public awareness of the importance
of onsite wastewater systems and the
sustainability benefits of decentralized
technologies are limited.

Onsite wastewater systems are reliable and
an economically advantageous alternative
to centralized systems. When installed and 7.
maintained properly, these decentralized
systems protect public health and the envi-
ronment, particularly in rural or under-
served areas and regions that are increas-
ing wastewater reuse. For example, it is
estimated that in the U.S., 1 in 5 homes use
decentralized wastewater and 1 in 3 new
homes employ onsite wastewater systems
(US. EPA, 2021b). Despite the advantages

and prevalence of onsite systems, pub-
lic perception of the field remains unin-
formed, antiquated, and/or negative, and
therefore this status needs improvement.
The public appears largely unaware of why
onsite wastewater treatment technologies
are important to protect public health and
the environment, or how onsite systems
operate. Improving public awareness of
onsite wastewater with a better under-
standing of its impacts and benefits can
inform local decision making (US. EPA,
2020; The Water Research Foundation,
2022), especially given the diverse impacts
of climate change on water resources and
public health.

In contrast to centralized systems, infor-
mation on onsite wastewater recycling
treatment locations, operational per-
formance, inspection records, and sys-
tem failures is not available in publicly
accessible databases.

Survey respondents indicated that onsite
and distributed water reuse data and
information systems are not consistently
accessible. In fact, a lack of available per-

formance data for different onsite waste-
water treatment technologies to address
emerging threats has been identified
previously as a practice-based research
need (Brooks et al., 2019). In addition, a
U.S. EPA memorandum of understanding
(MOU) recently established the priority
of providing accurate, up-to-date data and
information on the use and performance
of onsite systems (U.S. EPA, 2020). Sub-
sequently, resources can be wasted due
to an inability to effectively communicate
within and among sectors. Development
of effective information systems and data
sharing would enable improved environ-
mental management of onsite wastewater
systems while improving communication
and cooperation among decentralized
wastewater professionals. Further, pub-
licly available information on inspection
reports and failing systems can be used in
community health education programs
to engage homeowners and businesses
to promote better maintenance of their
systems. Information systems might also
create accountability for designers and
installers to complete required inspec-
tions, and publicly accessible databases
for surveillance data can support water-
shed-scale management and risk commu-
nication efforts.

Users of onsite wastewater technologies
do not have adequate access to training
and other resources on proper use, oper-
ation, and maintenance of their systems.
Public information and online resources
for owners of onsite wastewater treat-
ment systems to directly interact with
system technologies are not consistently
available, or onsite system users are not
aware of existing resources. Operation
and maintenance resources would assist
homeowners to maintain their systems,
inform proper use such as avoiding
flushing specific items into the treatment
system, and recognize possible perfor-
mance issues. One of the objectives of
the US. EPA MOU is to better support
homeowners by providing outreach and
education materials on onsite technolo-
gies, such as the SepticSmart program
(US. EPA, 2020), but the processes and
prospects to accelerate doing so across
states, tribes, and territories are not
clear. In addition, NOW-R? respondents
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suggest holding training sessions for
property owners and training real estate
agents to communicate the requirements
of maintaining a septic system to poten-
tial homeowners. Mechanisms also need
to be developed to afford service provid-
ers with opportunities to communicate
with existing customers about different
onsite wastewater treatment systems.
For example, it is not clear the extent
to which performance of decentralized
wastewater and distributed water reuse
technologies are specifically examined
during housing inspections prior to
completion of real estate transactions
within and across states, tribes, and ter-
ritories. Improving this process through
public (e.g., local public health) and
private (e.g., real estate lending and
insurance) partnerships could provide
a consistent mechanism to facilitate
assessment and communication of sys-
tem performance when property owner-
ship changes through time.

9. Consistent funding approaches and
incentive programs for implementing
best practices in the operation and main-
tenance of advanced onsite wastewater
technologies are lacking at the local level.
Survey respondents specifically indicated a
need for funding at both the state and fed-
eral levels to administer onsite programs.
The 2020 US. EPA MOU established as
a priority the pursuit of public and pri-
vate funding options to help communi-
ties maintain systems (US. EPA, 2020).
Funding for local programs, however, is
not consistently available, and environ-
mental public health delivery systems are
not equitable within and among counties,
states, tribes, and territories. Incentives are
needed to establish improved structures to
provide oversight and to assure continuing
education for professionals.

10.Lack of information exchange with
other disciplines (e.g., medicine) and
programs (e.g., environmental health
disease tracking) limits opportunities to
address emerging issues in onsite waste-
water and distributed water reuse.
External partnerships with professionals
outside of onsite and distributed water
reuse are needed to successfully engage
major issues in public health and envi-
ronmental protection. Though previous
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efforts have called for strengthening of
external partnerships (U.S. EPA, 2020),
collaborative efforts and nontraditional
partnerships are needed with disci-
plines that are not routinely engaging
the onsite wastewater profession. For
example, sharing with the medical com-
munity geospatially explicit information
for failing decentralized systems can
help identify potential causative rela-
tionships when increasing clinical rates
of an illness (e.g., hookworm) are identi-
fied in local communities (McKenna et
al., 2017). Partnerships with community
health education specialists in health
departments and joint programming at
technical and education conferences of
environmental science and engineering,
public health, and rural and community
medicine represent an opportunity to
facilitate interdisciplinary exchange.

Conclusion

NOW-R* presents a unique opportunity to
better understand current and future chal-
lenges and opportunities facing decentral-
ized wastewater and distributed water reuse,
which serves at least 20% of the U.S. popula-
tion and is increasingly common around the
world. After receiving input from more than
450 professionals with different backgrounds
who are working in different sectors and roles
within this field, we provide much-needed
information on the demographics and pro-
fessional characteristics of the US. onsite
wastewater workforce. We further report
10 problem statements related to workforce
education, training, and outreach—and offer
perspectives to meet these needs.

We specifically identify common issues
in the onsite and distributed water reuse
workforce similar to those recently identified
for the public health workforce in general
through the Public Health Workforce Inter-
ests and Needs Survey (PH WINS). PH WINS
suggests high turnover rates among public
health workers—similar to the onsite waste-
water industry—along with training needs
and focused recruitment and retention efforts
(Bogaert et al., 2023; McCullough & Rob-
ins, 2023). Our findings here similarly align
with environmental public health workforce
challenges identified during the UNCOVER
EH initiative (Brooks et al., 2019; Brooks &
Ryan, 2021; Gerding et al., 2019, 2020).

PH WINS, UNCOVER EH, and NOW-R?
collectively identify a public health system
in the U.S. that is understaffed, underfunded,
and not equipped to address future chal-
lenges, which limits the effectiveness of deliv-
ering essential health services (McCullough
& Robins, 2023). These workforce issues
have been further exacerbated by the COVID-
19 pandemic, as public health workers have
spent at least 20% of their time on pandemic
response activities regardless of their given
sector, which limits their progress and pro-
ductivity in other services (McCullough &
Robins, 2023), including impacts on continu-
ing education opportunities for decentralized
wastewater professionals (Table 1).

Though robust workforce assessments
have not been performed for the practice
of environmental engineering, observations
reported here suggest a need to understand
the challenges and opportunities facing the
broader water and wastewater engineering
community, particularly as the One Water
approach progresses at the global scale.
Strategic education, training, and outreach
activities are needed to ensure workforce pre-
paredness, promote education with owners
of onsite technologies, and expand advanced
training and translational research programs
in decentralized/onsite wastewater and dis-
tributed water reuse systems, particularly
in the face of climate change and disasters.
We anticipate our findings can specifically
support decision making aimed at sustain-
ing and advancing the onsite wastewater and
distributed water reuse workforce, which is
essential for protecting public health and
the environment across the urban—periur-
ban-rural gradient. >«
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Did You

Know?

After a disaster, septic systems might be damaged and could fail to operate
correctly. Ensuring that these systems function properly is essential to
providing safe waste disposal for millions. We have developed a tool kit of
preparedness and response guidance for septic systems after a disaster.

Check it out at www.neha.org/preparedness-septic.
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