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FROM THE EDITORS
Tiny Finds Yield Big Results

W

orking in the water sector

(PFAS) requires broadly sharing any new find.

sometimes requires super

A sector ally offers his perspective on financial

sleuthing — and there is no

accountability to combat the cost of these

clue too small to detect. This

contaminants that water and wastewater utilities
do not produce but must deal with. See p. 46.

month WE&T is magnifying some of those tiny

WEF has recommitted to devoting specialized

finds and exploring their very big effects.

time and attention to biosolids. Take a minute

One year ago, WE&T brought you “The

to get to know the organizations newly hired

Water Professional’s Guide To COVID-19”

Director of Sustainable Biosolids Programs Maile

from expert members of the Water Environment
Federation (WEF; Alexandria, Virginia) to keep

p. 26

Lono-Batura (p. 20), and tune into the February

you safe. Now, a similar group has focused on

16 Words on Water podcast to hear her talk

how to use wastewater-based epidemiology

about the new position and interest in biosolids.

(WBE) to inform public health decisions. This

— The Editors

approach can help with coronavirus as well as
other chemicals and pathogens. Examine their
findings on p. 26.

Errata

Likewise, WEF is getting involved nationally
to support of WBE efforts. Partnering with
the U.S. government, WEF will help stand up

p. 18

the first nationwide WBE program. Get all the
details on p. 18.
The sector’s attention to per- and polyfluoroalkyl substances
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VIEWPOINT
How the Pandemic Has Accelerated the
Water Sector’s Digital Transformation
Al Cho

Real-Time and Remote
Monitoring Utility Operations

A

s the coronavirus spread
across the globe last year,
frontline utility personnel
worked heroically to deliver
critical water and wastewater services
for their communities, navigating
unprecedented difficulties. It was an eyeopening moment for our industry. We
saw just how fragile our current ways
of working can be when confronted by
major shocks. For the most part, water
utilities were able to maintain operations
in the face of this “once in a generation”
challenge, but often at considerable risk
and cost. As field workforces strained
under the pressure, utilities that had
already implemented transformative digital
technologies, like remote sensing and
automated operations, were at an obvious
advantage.
We will continue to see the effects of
this pandemic on the way we live and
work for many years. But, in our sector, it
has already focused our attention on the
need for greater operational and financial
resilience in the face of unexpected and
sustained challenges. Making our water
systems more resilient is suddenly an
imperative, and it will only happen as we
embrace new ways of doing things. While
innovative water leaders have long called
for a digital transformation of utilities, the
pandemic has catalyzed action.

sensors to real-time decision-support
systems and automated operations.
Utilities that still rely on paper-based
systems and disconnected workflows
will continue to struggle, operationally
and financially, and will be particularly
vulnerable to unanticipated events. Prior
to the pandemic, digital investments
were sometimes considered peripheral to
the core business of the utility. They are
now seen as essential to hardening water
networks against the next shock.

As many operations were required to
move to “remote” mode during stay-athome directives, the need for enterprise
mobility strategies, remote monitoring, and
data acquisition technologies became plain.
As in every other sector that has embraced
digital transformation, these technologies
will enable utilities to untether from the
physical workplace with secure virtual
private networks, digital workflows, and
connected platforms — all of which help
deliver continuity of service when networks
and operators are under stress.
Remote monitoring enables management
of crucial functions and provides visualization
of assets in real time, allowing operators
to preemptively identify issues and reduce
workloads and call-outs for crews. The
deployment of digital tools, such as advanced
metering infrastructure, distributed sensor
networks in linear assets, and cloud-based
supervisory control and data acquisition
platforms gives operators more flexibility,
even when worksites are safe.
A data-driven digital strategy allows
water managers to “turn on the lights”
within their systems so they can maintain

2020 May Have Catalyzed a
More Resilient Water Future
Conventionally, water management has
focused on how to maintain operational
stability in processes and outcomes.
Sometimes that has resulted in resistance to
change. But the pandemic showed us that the
real danger is in maintaining the status quo.
Increased investment in digital
technologies has now become central to
utility resilience strategies — from remote

10

Innovative water leaders have been calling for utilities' digital transformation, but the
coronavirus pandemic has catalyzed action.
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operations and manage costs in the face of
any challenge.

‘Decision Intelligence’
Solutions Aid Operators
“Decision intelligence” solutions
provide the information operators need
to speed up previously time-intensive
processes. Digital twins use sensor data
to mirror physical systems, coupled
with algorithms and control logic that
streamline operational choices, giving
operators all they need to make better
decisions faster and focus their time where
it is most needed. Already, sensors in sewer
networks can detect problems in real time,
and artificial intelligence in pumps can
predict failure before it happens.
These solutions are deployable today.
And the return on investment can be
transformational. They are revolutionizing
the industry because they enable utilities
to deliver similar or better service at a
fraction of the cost — and to be more
resilient in the face of unforeseen events.

Viewpoint

19’s challenges.
Resilience planning will help
utilities stand strong in the face of
the next unprecedented challenge —
whether economic, environmental, or
epidemiological. And, as the pandemic has
shown, digital transformation is a critical
component of any utility’s future resilience
planning and response. 1

utility serves as an example of the benefits
of being ready to handle the demands
that COVID-19 forced on the world. The
gains EMWD achieved compounded once
the pandemic made putting operators
in the field even less attractive. EMWD
employee capacity required for meter
management decreased by 75%, allowing
staff to be redeployed to projects that
increase customer service. The flexibility
of remote meter monitoring, combined
with the operational efficiencies of digital
technology, have made EMWD more
flexible and resilient in the face of COVID-

Al Cho is Senior Vice President, Chief
Strategy & Digital Officer at Xylem (Rye
Brook, New York). He can be reached at
Albert.Cho@Xylem.com.

HOW EFFICIENT IS YOUR
AERATION PROCESS?

Digitalization Is Imperative for
the Sector
The water sector is at a critical
juncture, a moment of extraordinary
opportunity for utilities and the
communities they serve. Digital solutions
hold the key to water systems delivering
bold water, energy, and cost savings while
achieving greater operational and financial
resilience. The utilities prioritizing them
now are making dramatic progress on their
biggest business challenges and increasing
their readiness for whatever comes next.
In Perris, California, the Eastern
Municipal Water District (EMWD) faced a
growing population that led to a daunting
task for field technicians. The technicians
had to manually read 148,000 m across a
1,440-km2 (555-mi2) service area, and the
number of customers grew every month, all
during California’s ongoing drought. With
compounding regulatory requirements, the
utility needed to conserve time and water.
EMWD invested in advanced metering
infrastructure, enabling remote meter
reading, data collection, and reporting.
The result? They saved costs, increased
operational insight, and freed personnel to
better serve customers.
While EMWD implemented these
digital technologies pre-pandemic, the

LET’S TALK
Tom McCurdy, Director of Environmental Sales
+1 610 656 1683
tmccurdy@aerzenusa.com

Real efficiency means operating the
consumption profiles in wastewater treatment
plants with precision. Aeration consumes up to
80% of total energy requirements; the greatest
savings potential can therefore be found here.
With our Performance3 product portfolio
consisting of Blower, Hybrid, and Turbo
technologies, we always find the most efficient
and tailor-made solution for you.
Benefit from up to 30% energy savings!
LET’S TALK! We’ll be happy to advise you!
www.aerzen.com/en-us
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RESEARCH NOTES
Increasing Desalination Membrane Efficiency

E

vidence suggests biological membranes for reverse-osmosis
water filtration perform more efficiently than existing
synthetic membranes, demonstrating higher permeability
and selectivity. However, biological membranes are far less
scalable, and are not well-suited for large-scale jobs such as municipal
desalination.
Researchers have used advanced 3-D modeling tools to highlight
fundamental structural differences between biological and synthetic
membranes, gleaning new information that could lead to more
efficient polymer-based desalination membranes.
The research team began their investigation by creating 3-D
models of four common polymer-based desalination membranes using
a supercomputer at the Texas Advanced Computing Center (Austin).
To create the models, the researchers performed transmission electron
microscopy to gather aggregate measurements for each membrane
variety, each of which possessed similar chemical compositions but
varied in their production methods. Simulating water flow between
the four membrane models enabled the researchers to pinpoint
specific areas within each membrane that led to better or worse
reverse-osmosis performance.
The team’s inquiries revealed that the most important determinant

for desalination efficiency is maintaining uniform
density throughout the membrane. The study describes
that even slight fluctuations in density — as incidental
as billionths of a meter — cause significant differences
in the way water concentrates and flows through the
membrane. Unlike existing polymer-based membranes,
most biological membranes maintain consistent
density throughout, leading to easier water flow
without sacrificing selectiveness for sodium ions, the
researchers write.
Results of the simulations, the researchers write,
underscore the need for better synthesis methods for
desalination membranes. 1
WHO: Pennsylvania State University (University
Park); Iowa State University (Ames); DuPont Water
Solutions (Edina, Minnesota); Dow Chemical
Company (Freeport, Texas); and University of
Texas (Austin)
WHAT: Structural analysis of polymer-based
desalination membranes underscores
importance of uniform density.
HIGHLIGHTS:
■ Researchers perform transmission electron
microscopy on four common polymer-based
desalination membranes.
■ Team inputs microscopy measurements into
advanced 3-D modeling program to create
precise structural models of each membrane.
■ Slight variations in membrane density lead to
significant differences in water concentration
and flow.
■ New synthesis methods are needed to create
desalination membranes with optimally
uniform densities.
RESEARCH: “Nanoscale control of internal
inhomogeneity enhances water transport in
desalination membranes,” Science, Vol. 371, Issue
6524, http://bit.ly/membrane-analysis.

A recent structural analysis of common synthetic desalination
membranes identifies specific parameters that make some
types of membranes more effective than others. Courtesy of
James Grellier/Wikimedia Commons

WWW.WEF.ORG/MAGAZINE l APRIL 2021 l WE&T

WET_Research_Apr21.indd 13

13

3/12/21 3:44 PM

▼
▼
▼

Research Notes

Bacteria’s 2-for-1 Biological Nutrient Removal

A

newly discovered strain of bacteria has proven capable of
removing both nitrogen and phosphorus from wastewater
at the same time.
The strain, a previously undocumented member of
the genus Thauera named SND5, demonstrates the potential to
significantly reduce the space demands and energy costs associated
with separate biological nutrient removal processes. Although several
water resource recovery facilities (WRRFs) remove both nitrogen and
phosphorus in a single reactor, many single-reactor systems contain
microbes that will compete with one another for resources, driving
down their efficiency.
In laboratory tests, SND5 simultaneously removed ammonium,
nitrite, and nitrate from wastewater samples at average rates of
2.85, 1.98, and 2.42 mg-N/L/h, respectively. At the same time,
SND5 accumulates phosphates for simple removal. Compared
to conventional WRRF processes that perform nitrification and
denitrification in separate reactors, using SND5 saves about 62% of
electricity because of its lower oxygen demand, the researchers write.
Additionally, whereas some ammonia-removal technologies produce
the greenhouse gas nitrous oxide, SND5 converts ammonia into
harmless nitrogen gas.
“Population and economic growth have inevitably led to the
production of more wastewater, so it is important to develop new
technologies that cost less to operate and produce less waste overall
— all while meeting treatment targets,” said He Jianzhong, study coauthor and National University of Singapore environmental engineer,
in a December 2020 release. 1

WHO: National University of Singapore
WHAT: Newly discovered bacteria strain performs
simultaneous nitrification and denitrification while
accumulating phosphates.
HIGHLIGHTS:
■ SND5 removes nutrients using a single strain of
bacteria, enabling single-reactor treatment
without microbial competition.
■ Demonstrates average removal rates for
ammonium, nitrite, and nitrate of 2.85, 1.98, and
2.42 mg-N/L/h, respectively.
■ Saves 62% of electricity requirements compared
to conventional nitrification/denitrification
processes.
■ Converts ammonia into harmless nitrogen gas.
RESEARCH: “Complete nitrogen removal via
simultaneous nitrification and denitrification by a
novel phosphate accumulating Thauera sp. strain
SND5,” Water Research, Vol. 185, Oct. 2020, http://bit.
ly/SND5-study.

Researchers in Singapore have discovered a new strain of bacteria capable of simultaneous removal of nitrogen and phosphorus. The
strain, known as SND5, offers significant energy and space savings compared to traditional biological nutrient removal processes. Courtesy
of kkolosov/Pixabay
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Research Notes

More Lake Ice to Disappear by 2100

A

ssuming current greenhouse-gas emission rates do not
change, by the end of the 21st century nearly 5,700
lakes in the Northern Hemisphere will no longer ice
over each winter, according to new projections from
York University (Toronto) researchers. Loss of seasonal ice cover
would affect drinking water quantity and quality by increasing
winter evaporation rates and summer water temperatures, which can
promote formation of toxic algal blooms, the researchers describe.
The research team interpreted topographical information from
the U.S. National Snow and Ice Data Center (Boulder, Colorado)
for 51,000 lakes alongside 12 international-standard climate change
scenarios to identify the conditions that would cause lakes that
currently experience seasonal ice coverage to lose it. The analysis
also sought to predict when these lakes would become ice-free under
different greenhouse gas emission scenarios, the team’s study states.
On average, most lakes no longer froze when winter air
temperatures remained above -0.9°C (30°F), with slight fluctuations
based on the depth of the lake. Most at-risk, according to the study,
are lakes in southern and coastal regions of the Northern Hemisphere,
which are often primary sources of drinking water for large
populations.
Other findings by the researchers include that approximately 179
lakes in the Northern Hemisphere will lose seasonal ice coverage by
the end of this decade, and that major portions of the Great Lakes
could become permanently ice-free by 2055. 1

WHO: York University (Toronto)
WHAT: Forward-looking analysis of climate change’s
potential effects on ice coverage in Northern
Hemisphere lakes.
HIGHLIGHTS:
■ Researchers consider hydrological data alongside
climate change predictions to estimate the
susceptibility of 51,000 lakes to climate change.
■ Results suggest a business-as-usual greenhouse
gas emissions scenario would prevent ice
formation in nearly 5,700 lakes in the Northern
Hemisphere by 2100.
■ Approximately 179 lakes are projected to
become ice-free by 2030.
■ In general, lakes no longer freeze when winter air 		
temperatures remain about -0.9°C (30°F).
RESEARCH: “Forecasting the Permanent Loss of Lake
Ice in the Northern Hemisphere Within the 21st Century,”
Geophysical Research Letters, Vol. 48, Issue 1, http://bit.
ly/lake-ice.

In lakes, winter ice coverage minimizes evaporation and moderates summer temperatures, protecting both water quality and quantity. According
to new projections, approximately 5,700 that currently ice over in the winter will become ice-free by 2100, assuming current greenhouse gas
emissions remain unmitigated. Courtesy of Matthias Groeneveld/Pixabay
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NEWS

Wastewater-Based Epidemiology
Biosolids Communication

Supporting
Nationwide WBE
Efforts
WEF receives federal funding to develop, manage
wastewater-based epidemiology network and conduct
cross-sector training
By Beth Conway

T

he U.S. Centers
for Disease
Control and
Prevention (CDC)
has selected the Water
Environment Federation
(WEF; Alexandria, Virginia)
to help put into action the
first nationwide wastewaterbased epidemiology (WBE)
program led by the U.S.
federal government. Through
a cooperative agreement,
WEF will develop and
train a nationwide network
of wastewater utilities
participating in WBE.
Two other networks —
public health agencies and
laboratories — also will be
part of the overall program.
CDC has created this
program, the National
Wastewater Surveillance
System (NWSS), in
collaboration with other
federal agencies. CDC
originated the NWSS in
response to the coronavirus
pandemic, but this program
will have other uses such as
targeting antibiotic-resistant
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genes and enteric bacteria and
viruses.
“WEF is uniquely
positioned to partner
with CDC on the national
wastewater-based
epidemiology system and
network through our
extensive membership
presence in the areas of

sanitation, engineering, public
health, and laboratories,”
said WEF President Lynn
Broaddus. “We are grateful
for the opportunity to be
part of CDC’s efforts to
advance science and protect
communities from infectious
diseases.”

About NWSS
The NWSS will take a
multidisciplinary approach
involving three communities
of practice: health
departments, laboratories,
and utilities. Different
organizations will host
these traditionally separate
communities of practice with

What Is Wastewater-Based
Epidemiology?
Wastewater-based epidemiology (WBE) is the study of pathogens and/or chemicals
in wastewater to gather public health data and inform public health action. It relies on
wastewater surveillance, which is the strategic sampling and testing of wastewater and analysis
and interpretation of the collected data (such as presence or concentration of pathogens or
chemicals) to better understand disease within a community.
■ Data gathered through wastewater surveillance is aggregated at the community level and
does not provide information about individuals.
■ Data collected through WBE does not replace traditional data sources of infection or
substances, but it can add another resource.
For example, while COVID-19 infections do not spread through wastewater, community
spread of COVID-19 can be determined through analysis of wastewater. The presence of virus
RNA in wastewater enables testing to be used as a leading indicator of COVID-19 infections
and re-infections at the community level.
College campuses have used this technique to closely monitor dormitory communities for
indications of the virus before symptoms begin to appear. See the February 2021 WE&T article,
“Uniting Engineering and Epidemiology,” for one such case.
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the goal of bringing them
together for collaboration,
information exchange, and
standardization of WBE
practices.
■ WEF will support the
utility community and
take on sampling methods,
operational factors,
worker safety, and data
sharing.
■ CDC will work with
health departments to
refine sampling strategy,
data coordination,
submission and
interpretation, and public
health action.
■ The Association of Public
Health Laboratories
(Silver Spring, Maryland)
will represent laboratories
and work on testing
methods, data
comparability, quality
assurance/quality

control, biosafety, and
cross-community sharing.
While these efforts are being
conceived and developed at the
national level, they are intended
to be enacted and used in local
communities.
“Water and wastewater
sector personnel are on
the frontlines of ensuring
the protection of public
health and are able to play
a central role in identifying
and evaluating the presence
of pathogens and other
public health concerns in
water,” said WEF Chief
Medical Officer Dr. Andrew
Sanderson. “WEF looks
forward to working with
CDC and the U.S. water
sector on guidelines, best
practices, and training
that improve and expand
utilization of wastewaterbased epidemiology.”

Wastewater-Based Epidemiology

Awareness Training
WEF is leading the
development of crosssector training that will be
delivered to wastewater
utility personnel, public
health officials, healthcare
workers, emergency services
personnel, environmental
regulators, public officials,
and other stakeholders. This
awareness training is aimed
at bringing interdependent
sectors together to improve
the overall understanding of
how one each works and how
they might work together
to advance wastewater
surveillance.

Networking
WEF also is building the
Utility Network portion
of the NWSS. This utilityfocused network will enable
health departments, labs, and

utilities interested in WBE to
find one another. It also will
assist information sharing,
problem-solving, and sharing
of promising best practices
based on existing CDC
guidance and rules.
Network participation will
benefit utilities’ communities
by offering advanced insight
into trending direction
of COVID-19 infections
that enable public health
officials to adjust responses
more quickly. Additionally,
participation now lays the
groundwork for robust use of
WBE for future uses. 1
Beth Conway, MS, ENV
SP, is Technical Project
Manager for the Water
Environment Federation. She
can be reached at econway@
wef.org.
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Wastewater-Based Epidemiology
Biosolids Communication

Connecting the
Biosolids Community
New talent and resources affirm WEF’s commitment
to sustainable biosolids management
By Justin Jacques

W

ater resource
recovery
professionals
have long
understood that when
processed correctly, biosolids

often can represent a safer,
cheaper, and more sustainable
soil amendment compared
to manure or chemical-based
fertilizers. However, while
biosolids reuse in the U.S.

The Water Environment Federation (WEF; Alexandria, Virginia) has
hired Maile Lono-Batura, former executive director of Northwest
Biosolids (Seattle, Washington), as its inaugural Director of Sustainable
Biosolids Programs. The new position, along with other recent
biosolids programs, signal WEF’s growing focus on promoting biosolids
recycling. Courtesy of Maile Lono-Batura

20

has become more common in
recent decades, its adoption
has been sluggish because
of inconsistent regulatory
guidelines, gaps in research,
and the social stigma of
recycling human waste.
The Water Environment
Federation (WEF; Alexandria,
Virginia) is taking several
new steps to help overcome
these obstacles. In February,
WEF released a new
communications toolkit to
help utilities and biosolids
managers build support for
biosolids recycling using
simple, science-backed
messaging. The organization
also established a new
position, hiring former
Northwest Biosolids (Seattle,
Washington) Executive
Director Maile LonoBatura as its first Director
of Sustainable Biosolids
Programs.
“Biosolids are a central
product of the wastewater
treatment process, a vital
part of resource recovery
and circular economy, and
beneficial for communities
in many ways,” said WEF
President Lynn Broaddus.
“WEF is increasing our
investment in biosolids

programs and is thrilled to
add Maile’s expertise and
experience to our team.”

A Unified Voice
With more than 20 years
of experience leading a multistate biosolids association,
Lono-Batura is uniquely
suited for her new role,
which will involve unifying
biosolids recycling practices
and regulations that vary
by region and state. In a
February 16 Words on Water
podcast interview, LonoBatura described her goal to
create a “collective platform”
for biosolids research,
advocacy, and knowledgesharing at the national level.
Much of her work will center
on sharing resources between
biosolids management groups
to reduce redundancies and
amplify messaging, she said.
“For those of us in the field
of biosolids, we know how
important it is to have a unified
voice around biosolids so that
we’re all singing from the same
sheet,” Lono-Batura said. “It’s
going to be a challenge, for sure.
But it is such a worthy challenge
to me.”
WEF’s new Biosolids
Communications Toolkit,
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Biosolids Communication

only federal regulation
governing land
application of biosolids.
Despite advancements
in treatment technology
that result in cleaner,
safer, and more viable
biosolids, the Part
503 Rule has never
undergone a substantial
update. Read more
about the meeting’s
outcomes at bit.ly/WEFbiosolids-report.
WEF also published
five new technical
resources last year
that deal exclusively
with biosolids
Plan to virtually experience a robust program highlighting continmanagement. Topics
ued advances in the wastewater residuals and biosolids sector.
include the financial
costs of managing perFor more information visit, www.wef.org/ResidualsBiosolids
and polyfluoroalkyl
substances (PFAS),
measuring and
accessible at bit.ly/WEFpromise to advance national
managing greenhouse-gas
biosolids has been technical in
biosolids, will help jumpstart
coordination on biosolids
emissions during the synthesis
nature, Lono-Batura’s new role
Lono-Batura’s work by
recycling, but they are only
process, bioenergy focused
indicates a growing focus on
providing customizable bill
the latest actions.
public–private partnerships,
the social and logistical aspects
inserts, fact sheets, social
In November 2019,
and more. Access these
of the biosolids challenge.
media infographics, and other
for example, WEF invited
technical resources at www.
Lono-Batura will not only
materials that convey key
leading biosolids experts from
wef.org/biosolids.
work alongside biosolids
messages about biosolids in
across North America to its
From May 11 to 13, 2021,
professionals among WEF’s
simple, accessible terms. Each
headquarters for a strategic
WEF will host its annual
membership, but also with
resource available in the free
conversation that identified
Residuals and Biosolids
regulators, environmentalists,
toolkit works from cited, peerways to improve biosolids
conference in a virtual format.
the media, and others.
reviewed sources and aims to
programs and better promote
Register for the event any time
“There are a whole team
reach different stakeholder
their adoption. Among other
before it takes place for access
of people not just within WEF
groups, including those
recommendations, meeting
to the latest research in biosolids
but within and beyond the
both inside and outside the
attendees described needs
management, perspectives from
biosolids community that we
wastewater sector.
for better risk assessment
biosolids-sector changemakers,
can be aligning with — that
For example, some resources
methods for contaminants
and one-of-a-kind networking
part is what really excites
cover strategies for managing
of emerging concern, new
opportunities. More details
me,” Lono-Batura said.
media coverage of biosolids
training and certification
and registration information
“That we can speak beyond
programs, while others tout
programs, and more robust
are available at www.wef.org/
our sector and connect with
the benefits of biosolids-based
communication between
ResidualsBiosolids. 1
people beyond the people
fertilizers for farmers.
producers, farmers, and
we normally connect with
Justin Jacques is the
“We ‘geek out,’ and that’s
researchers.
to see what common ground
Departments Editor at Water
not a bad thing within our
Experts also called for an
we have and how we can
Environment & Technology.
circle,” Lono-Batura said.
update to federal government
join forces on soil building,
Reach him at jjacques@wef.org.
“But we lose people pretty
guidance on biosolids use,
climate change, and producer
quickly if we cannot relay
as most U.S. states currently
responsibility.”
the importance of what the
implement their own biosolids
Regulation, Research
research has found, whether it
regulations. The U.S.
WEF’s new Director of
be favorable or unfavorable.”
Environmental Protection
Sustainable Biosolids position
Although much of WEF’s
Agency Part 503 Rule,
and communications toolkit
existing activity in sustainable
established in 1993, remains the

#WEFBiosolids
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WATERLINE
Oyster Barge to Clean Chesapeake Bay

A

new, solar-powered barge promises to automate
many of the traditionally labor-intensive aspects
of oyster farming. By facilitating the production
of nutrient-absorbing oysters, the barge aims to

Billions of oysters like these were once harvested from the
Chesapeake Bay. Now that number has dwindled to a few million, with
more than 98% of the natural oyster reefs depleted. Library of Congress

promote water quality in the Chesapeake Bay and other coastal
waters. The Maritime Applied Physics Corporation (Baltimore)
collaborated with environmental consulting firm EcoLogix
(Parkton, Maryland) to develop the technology.
“By automating through solar power the production of
oysters, we can grow 45 times more oysters than traditional
aquaculture using cages,” said Elizabeth Hines, Maritime Applied
Physics Corporation vice president.
That is due to the automated rotation of the oysters through
an 8-m (25-ft) water column, allowing the oysters to get enough
salt, oxygen, and nutrients to flourish, Hines added.
In the Chesapeake Bay, where the solar-powered barges are
expected to roll out first, pollution is a major challenge. However,
according to calculations by Ecologix, a single barge could
remove more than 300 kg (650 lb) of nitrogen and 23 kg (50 lb)
of phosphorus from the bay annually. Less pollution does not
only have ecological benefits, it would also reduce the costs of
both farmed and wild-caught oysters for consumers by restoring
oyster populations. And while in many industries automation
results in job loss, Hines said that the solar-powered barges will
only change the type of labor necessary for oyster farming.
“When we did our financing model, we found it’s the
same amount of labor,” she said. “But the work there isn’t as
backbreaking, and the output is greater. People will still be needed
to change the baskets and maintain the machinery.”
Ultimately, though, there is one goal that stands above
technological innovation and all others.
“We’re hoping to grow a really good oyster,” Hines said. 1

A rendering of a solar-powered oyster-growing barge that would help clean the Chesapeake Bay. EcoLogix
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Toward Truly Flushable Wipes

T

he U.S. Environmental Protection Agency (EPA)
is funding a project to develop woven wipes that
rapidly dissolve into dispersible toilet paper when
flushed. The project was put forward by a team of
students from the University of Toledo (Ohio) — one of 32
student teams funded by EPA as part of its annual People,
Prosperity, and Planet (P3) Awards program.
The project, “Wet Wipes That Turn Into Toilet Paper When
Flushed,” aims to solve the serious issue of consumer wipes
improperly labeled as “flushable,” which can cause severe
clogging for both home plumbing systems as well as public
wastewater infrastructure. When flushed, wipes can contribute
to the formation of large fat, oil, and grease blobs that block
collection systems. Preventing fatbergs is one of the goals that
A University of Toledo (Ohio) research team including (left to right)
professor of chemical engineering Dr. Yakov Lapitsky, chemical
project leader Yakov Lapitsky said inspired the project.
engineering Ph.D. student Kunal Choudhuri, undergraduate chemical
“Wet wipes — even those marketed as ‘flushable’ — clog
engineering student Reece Kendall, and Dr. Youngwoo Seo, professor of
pipes and pumps in sewer and wastewater treatment systems
civil, environmental, and chemical engineering, is developing woven wipes
when flushed down the toilet and, thus, damage or interfere with that become dispersible when flushed. University of Toledo
the operation of wastewater collection and treatment facilities,”
would support real-world implementation.
Lapitsky said in a release. “Many of these wipes also contain
The team will demonstrate their technology at the EPA’s National
synthetic polymers, which, even when these wipes disperse, pollute
Student Design Expo in spring 2021, and if awarded the second grant,
the water with microplastic fibers.”
they hope that their work could improve sanitation, reduce pipe
The EPA’s P3 program consists of two stages: the first, which
maintenance costs, save taxpayers money from municipal infrastructure
the team has been awarded, supported a proof-of-concept version
damage, and decrease pollution, Lapitsky described. 1
of the project. The second, which has not yet been announced,
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Criminal Charges in Flint Water Crisis

T

he state of Michigan indicted the state’s former Gov.
Rick Snyder, along with eight other former state
officials. The charge against Snyder is willful neglect of
duty. It follows a new investigation of the 2014 Flint
water crisis by state Attorney General Dana Nessel. The offense
is punishable by up to 1 year in prison and a $1,000 fine.
The 2014 crisis was caused by a money-saving decision to
switch the source of the city’s water supply to the Flint River.
However, the corrosive river water was treated improperly,
causing lead to leach into drinking water. The discolored water
was quickly noticed by residents, who begged local and state
officials to fix the problem, but the new charges allege that
Snyder’s administration did little until a doctor discovered high
lead levels in children nearly 2 years later.
Nick Lyon, former state health director under
Synder’s administration, was charged with involuntary
A former Michigan governor and several other top state officials face
manslaughter. A January statement from Lyon’s lawyer
charges in connection with the 2014 Flint water crisis.
alleged that the attorney general was “ignoring facts”
and that Lyon had nothing to do with the decision to
admitted that the problem “wasn’t one that was easily solved.”
switch the water supply. While he was state health director,
This is the second time Lyon has been charged in connection
Lyon was personally briefed in January of 2015 on the outbreak
with the outbreak. The first case was dismissed by prosecutors
but took no action to alert the public nor alert senior Synder
in 2019 after an internal scandal revealed investigators had not
administration officials, the Detroit Free Press reported. Lyon
pursued “all available evidence.” Lawyers representing Synder
told state lawmakers during a 2017 hearing that he wanted
and Lyon have filed motions to have this round of charges
to “solve the problem” before raising it with higher-ups, but
dismissed as well. 1
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TRANSLATING WASTEWATER S

W

astewater contains a tremendous
number of resources, such as
water, energy, and nutrients. The
coronavirus pandemic has helped
highlight one more, often-overlooked
resource flowing through our sewers: information.
Faced with the need for non-invasive and
scalable tools to supplement individual clinical
testing and contact tracing efforts, public health
officials and wastewater experts have begun turning
to wastewater-based epidemiology (WBE), which
is also known as wastewater surveillance. This
practice can monitor substances of concern in
communities by detecting and quantifying their
concentrations in community wastewater.
Making the most of this potentially powerful
tool requires three core tasks. First, it is essential
to understand what WBE is, how it works, and its
limitations. Second, the WBE team must include
the right people to collect, analyze, and use the
data. This includes adding a new role to the
process to translate knowledge from wastewater
analysis to public health decisions. And, finally, all
sample collection and analysis activities need to be
standardized to ensure the resulting decisions are
based on comparable data.

26

These elements can help create a successful
WBE campaign that uses information extracted
from wastewater to aid and improve public health
actions.

What Is Wastewater-Based
Epidemiology?
Monitoring wastewater through the regular
collection and analysis of wastewater samples
for pathogens and chemicals has been used for
decades to support public health decisions around
the globe. In the 1940s, environmental virologists
at Yale University used WBE by culturing cell
assays to monitor for the presence of poliovirus in
communities. This approach enabled public health
professionals to detect when a polio outbreak
was about to occur, as well as estimate the level
of infection in the community. Later, when polio
vaccine became available in the 1950s and 1960s,
WBE also aided evidence-based decisions about
initiation and targeting of polio vaccination
campaigns in communities where the virus was
detected in wastewater. In 2013, WBE was able to
prevent a polio outbreak in Israel, which had been
polio free since 1988.
More recently, the approach has been
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R SURVEILLANCE DATA
How to ensure your wastewater-based
epidemiology program provides insights
that can influence public health decisions
Rasha Maal-Bared, Mark Sobsey, Naoko Munakata,
Kari Brisolara, Lee Gary Jr., Jay Swift, Samendra
Sherchan, Scott Schaefer, Albert Rubin, Charles
Gerba, Kyle Bibby, Robert Bastian, Lola Olabode, Akin
Babatola, Robert S. Reimers, and Leonard Casson

expanded to include norovirus, hepatitis A virus,
antibiotic-resistant bacteria, and the rubeola virus
(which causes the measles) in countries such as
Australia and the Netherlands. In 2009, WBE was
implemented to trace the use of antiviral drug,
oseltamivir, during the 2009 influenza pandemic in
Japan. WBE also was successfully used globally for
the surveillance of opioid and illicit drug use by the
European Monitoring Centre for Drugs & Drug
Addiction and Statistics Canada. The approach
relies on the assumption that any substance that is
excreted by humans and is stable in wastewater can
be used to back-calculate the original concentration
excreted by the serviced population, provided
that excretion (or shedding), substance fate and
transport and wastewater flow patterns are well
understood.

How WBE Works with COVID
For the virus that causes COVID-19, RNA
is shed from symptomatic and asymptomatic
COVID-19 cases in saliva, sputum, urine, and feces.
These multiple shedding routes and evidence from
other coronaviruses suggested early on that the
likelihood of COVID-19 virus RNA detection in
wastewater and collection systems is high.

This high reliability indicates that WBE can
help overcome challenges faced by traditional
public health tools. Scaling the conventional testing
systems for mass surveillance of populations proved
challenging in 2020 due to high cost of repeatedly
testing large portions of the population, limitations
in human, clinical and testing resources, insufficient
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COVID-19

sensitivity and inadequate throughput. In addition,
research has shown that 20% to 45% of infected
individuals exhibit delayed onset of symptoms or do
not show symptoms at all. Even if the infection is
symptomatic, the U.S. Centers for Disease Control
and Prevention (CDC) reported that only 1 in 7
COVID-19 symptomatic illnesses in the U.S. were
reported between February and September of 2020.
Finally, contact tracing has proven to be challenging
due to training requirements for staffing call centers
and the lack of consistency across states and regions.
The first successful report of COVID-19
monitoring by WBE came from the KWR Institute
in the Netherlands. This was a proof-of-concept
study to determine if current molecular biology
tools are sensitive enough to detect the RNA of
COVID-19 virus in untreated wastewater at the

water resource recovery facility (WRRF). Since
then, COVID-19 virus RNA has been found
in untreated wastewater and untreated sludge
worldwide. These findings have shown some
correlation with number of infections in the
community. In some cases, such as Italy and Brazil,
retrospective analyses of wastewater confirmed
the presence of the virus in wastewater before
community transmission had been identified.
Many studies successfully reported the use of
qualitative approaches that report the presence or
absence of virus RNA in wastewater. Other work
takes on a more semi-quantitative approach based
on concentrations of the virus or its nucleic acid
to reveal trends of infection in the population, but
mainly within individual communities.

Figure 1. Building a Successful Wastewater Surveillance Campaign
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Using the Information
While, to date, many wastewater samples have
been collected and analyzed for COVID-19 RNA,
the results seldomly have been used to inform public
health actions. Three main factors are hindering
using this data:
■ Public health authorities primarily deal with
testing results, hospital infection and treatment
data, and health outcomes; newly produced
WBE data does not readily fit into their current
data collection structures, risk evaluation
systems, and decision-making frameworks.
■ Many knowledge gaps remain when it comes
to SARS-CoV-2 shedding in feces and decay
in the sewershed making interpretation of
results challenging.
■ Not all molecular laboratories (i.e., data
producers) have the expertise, public health
knowledge, and authority to efficiently and
correctly convert viral RNA concentrations
to actionable results and trends to support
public health response efforts.

Assembling the Right People
Many organizations have suggested that
successful WBE-based public health decisionmaking requires cooperation between three main
multi-disciplinary groups of collaborators with
different expertise, perspectives, and priorities:
the sample provider, the data producer, and the
knowledge users (see Figure 1, left). The Water
Research Foundation (WRF; Denver) acknowledged
this interdependence in its Spring 2020 report,
Wastewater Surveillance of the COVID-19 Genetic
Signal in Sewersheds, that emerged from the
Virtual International Water Research Summit on
COVID-19.
WBE samples are collected from WRRFs or
the collection systems by public or private utilities
that fill the role of sample provider. Collecting a
representative sample in a standardized manner and
properly storing and transporting it prior to analysis
is the first step of WBE.
These samples need to be analyzed by data
producers, who process, concentrate, extract,
and run the polymerase chain reaction (PCR)
to provide analytical results for COVID-19
nucleic acid (specifically virus RNA) presence and
concentrations in the samples. The data producers
often act as the project leaders by monitoring
progress, addressing challenges, and managing
communication activities among team members
given that health authorities and utilities have
other priorities and responsibilities. Data producers
include laboratory personnel or research teams with
expertise in molecular biology and microbiology
of wastewater and can be located at the utility, an

covid-19

academic institution or a private sector entity.
To be used to support public health decisions,
these data now must be converted from PCR-based
measurements (such as, copies per unit volume)
to sample concentration estimates and adjusted
for testing reliability and efficacy and wastewaterrelated factors by consideration of known
hydrodynamic conditions and population size,
which may change from sample to sample within
a wastewater system. Theoretically, this provides
sample COVID-19 virus RNA concentration
estimates from repeated analysis over time.
However, this knowledge translator role often
remains unfilled. This gap — arguably the most
important role for making WBE data useful in
public health decisions — is where raw wastewater
RNA results are translated to information
actionable by public health authorities.
Closing this gap is key to enabling the use of
WBE data to support public health actions since
many public health agencies engaged in COVID-19
response are overwhelmed in identifying, tracking,
and reporting COVID-19 cases and, more recently,
in rolling out COVID-19 vaccination campaigns.
Armed with information created by the
knowledge translators, public health authorities,
and decision-makers — who become the knowledge
users — can make public health and infection
control decisions about containment efforts and
mitigation responses.
All these collaborators must work together
closely and transparently with defined
responsibilities and obligations to the team. These
roles need to be articulated at the beginning of
the WBE campaign. Table 1 (p. 30) outlines the
contributions of each collaborator group.

Elements of a Successful
WBE Campaign
Figure 2 (p. 32) outlines the four critical
elements of a successful WBE program: Sampling
design, method validation, knowledge translation,
and communication plan. Each element also
contains several factors that should be considered
when creating or participating in a WBE program.

Sampling Design
The importance of collecting a representative
sample with a comprehensive and informative set of
associated data cannot be overemphasized. Many
WRRFs support on-site laboratories for regulatory
testing (e.g., fecal indicator bacteria), but molecular
biology and associated testing techniques are not
common in these laboratories.
Having a detailed but understandable
sampling plan and standard operating procedure
(SOP) describing when, where, what, and how
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to sample wastewater for the virus that causes
COVID-19 is needed. This SOP should standardize
sampling collection and handling practices that
allow utilities to participate by planning around
other responsibilities. These plans and their
implementation are essential, especially given
reductions in staffing during COVID-19, to allow
utilities to provide uninterrupted core services to
their communities.
SOPs facilitate sampling by ensuring the sample
collectors know what is required of them, what
the procedures entail, and which site-specific safety
precautions to use. The SOP should be accompanied
by a sample submission form to encourage
consistent documentation of relevant information
and critical parameters, such as wastewater
flow rate. Ensuring this consistency enables the
knowledge translators to convert from detected
RNA concentrations to trends in community
COVID-19 infection burdens.

SOPs should include the following topics.
Sampling points. The sampling plan should
outline sampling locations, frequency, sample
volume, and duration (schedule over time). Utilities
already collect samples from various points in their
processes using different sampling locations. These
locations often already are indexed in a utility’s
Laboratory Information Management System.
If usual sampling points are not suitable for
WBE sample collection, data producers need to
work with the utility to identify the best sampling
locations that are also safe for sample collectors.
CDC states that samples should be collected
at representative locations that preferably precede
addition of chemicals or mixing of different waste
streams at the WRRF that may obscure or prevent
the location of the contributing population. The
WRF report mentioned earlier suggests collecting
samples after the headworks, but utilities should be
cautioned against sampling treated primary effluent

Table 1. Collaborator Contributions to Support WBE Efforts

Data producer

X

X

X

X

Develop a site-specific job safety assessment

X

Develop a sample storage, handling, and shipping plan

X

X

Document hydrological changes in the sewershed

X

X

X

Document retention and conditions in the collection system

X

X

X

Document changes in process and influent quality

X

X

X

Document hauled wastes added to the system

X

X

X

Document collection system geometry

X

X

X

Document population size and water use data

X

X

X

Perform a thorough method validation

X

Conduct ongoing QA/QC

X

Determine method sensitivity and incorporating recoveries in RNA concentration calculations

X

Normalize virus RNA concentration per milliliter

X

X

X

X

X

Knowledge user

Sample provider

Develop a detailed sampling plan to assess temporal and spatial variations
Develop a standard operating procedure (SOP) and sample submission form

Needed Element for WBE Support

Estimate viral decay rates and sorption to solids
Convert data into actionable results for public health authorities

X

Collect clinical data from positive cases

X

X

Collect clinical data related to shedding of RNA per person

X

X

Determine under what conditions WBE data follow infection trends

X

Develop a communication plan for data and results (content, frequency, platform, duration)

X

X

X

X

Communicate that RNA concentrations do not correlate with infectivity

X

X

X

X

Communicate what WBE results can and cannot tell us

X

X

X

X

Determine and implement public health interventions
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Knowledge translator or
interppreter

Contributor

X
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as this would lead to an underestimation of virus
RNA concentrations, because the virus sorbs to
solids that are removed in primary treatment.
Depending on the WRRF, representative
and well-informed sampling may not always
be possible. In addition, if a WBE campaign is
trying to identify hotspots in the collection system
(i.e., monitoring sentinel sites), sampling must
occur in the collection system instead and similar
considerations must be made. While privacy issues
are not a concern with COVID-19 WBE given the
anonymity of members of the population served,
future WBE efforts may focus on illicit drug use and
other controversial contaminants. Studying more
contentious contaminants in collection systems or
smaller WRRFs may have privacy risks that should
be considered.
Sample types and containers. While data
producers have reported the detection of COVID-19
virus RNA in both wastewater and solids samples
for WBE assessments, major WBE initiatives are
focused on method development and analysis for
untreated wastewater.
This is due to many reasons including the lack
of simple, reliable, reproducible, and widely used
methods for virus analysis in untreated sludge
or biosolids, the presence of inhibiting chemicals
that interfere with detection in sludge, difficulty
in normalizing the data for interpretation, and the
high variability in results.
If solids samples are preferred, data producers
can describe desirable sample qualities to the
utility partner to obtain some guidance on the best
sampling locations, methods, and data needed for
results interpretation.
The data producer also should discuss whether
a composite sample is preferred over a grab sample.
While composite samples from the WRRF may
be ideal to get a representative sample, composite
sampler bottles usually are reused and not
disinfected. In these cases, the data producers and
knowledge translators need to determine if the use
of grab samples is sufficient to meet research needs.
Consultation with the sample collectors is especially
important if novel sampling devices, such as dialysis
filters and passive samplers, are being tested.
Required sample volumes are based on the
analytical procedure and whether additional
concentration steps are needed prior to RNA
extraction. Utilities also should consider several
other factors:
■ Is the collected sample volume sufficient for
meeting facility regulatory purposes and
archiving in addition to COVID testing?
■ Are there enough sampling bottles on hand for
the additional samples?
■ Are these sample bottles and their composition

covid-19

suitable for collecting, transporting, storing 		
and analyzing WBE samples?
Sample storage, shipping, and transport.
CDC recommends refrigeration of samples during
collection and sample storage at temperatures
between 0°C and 4°C. CDC cautions that freezing–
thawing cycles result in signal loss. CDC also
recommends that samples be processed within
24 hours of collection, as effective actionable
wastewater surveillance relies on rapid data
collection. Many WRRFs will not be able to
meet these requirements, given how expensive
refrigerated composite samplers are. This is
particularly challenging for smaller facilities,
where coolers may not be readily available or
incorporated into the operating budget and where
winter temperatures will result in freezing even if
precautions are taken.
If samples are expected to be shipped on a
weekly basis, the data producers may need to
discuss returning and circulation of coolers to
sample providers. Also, if the WRRF is collecting
weekly samples and shipping overnight, hold
times and logistics will need to be discussed as
well as shipping costs. If a smaller WRRF is being
recruited, but shipping and handling logistics
are prohibitive, data producers must consider
if involving the WRRF is worth the additional
workload to the operations team in place, especially
if hold times compromise data quality.
Samples also must include sufficient supporting
metadata for the team to understand, process,
analyze, and make use of the samples; this includes
chain-of-custody documentation and tracking.
Facility flow patterns, rainfall data, and
additional flow contributions affecting sample
quality. Most WRRFs are subject to diurnal variations
and have periods of high and low influent flow. They
also may have extensive collection systems with high
retention times, lift stations, surface water intrusions,
and ground water infiltration contributions. These
factors, along with volume and type of industrial
dischargers, affect the volume and quality of influent,
which, in turn, affects COVID-19 RNA detection in
samples and the interpretation of COVID-19 trends
over time in the community.
Best practices would encourage collecting
rainfall, hauled septage loading, landfill leachate
flow, and diurnal variations in flow. In addition, in
some cases collection system boundaries may not
be clearly delineated. For example, interconnected,
regional collection systems can exchange flows.
These exchanges change the served population size,
demographics, and COVID-19 case numbers that
need to be used for the data analysis and modeling
approach for samples.
Similarly, if only grab samples are collected,
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the data producers must consult with WRRF staff
(sampler providers) to collect representative samples
that capture peak times of human fecal loading and
to understand the solids residence time for solids.
Water quality variables. Many smaller WRRFs
will not be able to provide much detail about
wastewater quality parameters other than those
listed in their discharge and/or reuse permits.
They also will have limited staffing and personnel
to support extra sampling. It would be helpful
to clarify with data producers and knowledge
translators which variables are essential and which
ones are “nice to have.” Making these distinctions
can help ensure the research demands do not deter
smaller WRRFs from participating.

Method Validation
To use WBE as an effective early warning
system, virus nucleic acid recovery and
concentration methods must be sufficiently effective
and sensitive enough to detect very low levels in
a wastewater sample. This can be challenging
since most methods were historically optimized
for the more resilient non-enveloped viruses,
but COVID-19 virus is an enveloped virus and
potentially sensitive to various techniques and
conditions that may change during sample handling,
processing, and concentration. Variables such as
temperature, pH, and organic solvents (chloroform
or cesium chloride solutions) and partitioning
methods such as filtration, solids separation,

Figure 2. Steps in Clinical and Wastewater Surveillance Efforts for COVID-19
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sedimentation, and centrifugation all could reduce
the amount of virus in the sample during analytical
procedures resulting in underestimates or nondetects.
In addition, many labs have more experience
with non-enveloped viruses, or may have no
experience with wastewater sampling and testing.
Thus, performing a full method validation and
optimization and developing an SOP is imperative.
This should include the following considerations:
Quality assurance and quality controls (QA/
QC). QA/QC plays an important role during data
production in laboratories because many variables
can affect the amount of COVID-19 virus RNA
recovered and measured in a wastewater sample.
QA/QC components ensure the production of
reliable, repeatable, and useful data that can
be utilized by public health officials. QA/QC
characterizes the quality of the data produced,
determine the limit of detection of the method and
what ongoing QA/QC parameters are needed to
monitor method performance.
QA/QC parameters should include method and
extraction blanks, field replicates, positive and
negative nucleic acid amplification controls, reagent
and matrix spikes, standard curves, and dilutions.
Replicates ensure the reproducibility of the data.
Blanks confirm the absence of contamination.
Spikes and dilutions control for inhibition of
nucleic acid amplification and control for matrix
interferences. Analyst proficiency also is critical
and must be accounted for with initial and ongoing proficiency evaluation of analytical method
performance.
Method sensitivity. Method sensitivity is
calculated using the sample concentration factor
and the matrix spike recovery. Virus detection in
wastewater often requires a sample concentration
step to improve detection limits, such as
combinations of filtrations; ultra-centrifugation
and polyethylene glycol precipitation with a range
of pH values, chemicals, filter types, centrifuge
speeds; and purification steps. A matrix recovery
control is used to calculate virus loss and involves
adding a known amount of non-COVID-19 virus
with comparable properties to a wastewater sample
prior to processing. Some consideration must be
given to what organism (e.g., human coronavirus
or other phage) will be used for matrix spikes to
determine the recovery efficiency of the method.
Method sensitivity can change with every sampling
campaign due to changes in wastewater chemical
and physical properties. These considerations are
important for comparing COVID-19 concentrations
in wastewater over time as well as for conversion of
results into a useful parameter.
Normalization of data. Normalization (or data
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conversion) remains a very challenging area for
WBE studies with no accepted standards. Some data
producers do not normalize RNA concentrations
and provide data users with raw RNA trends,
keeping all sample collection and analysis variables
constant. However, COVID-19 virus concentrations
are measured by PCR in units of gene copies per
reaction volume, a measure that is not necessarily
actionable or familiar to decision-makers.
To convert this into a concentration that
potentially reflects COVID-19 infections in the
population, this measurement can be adjusted to
account for both flow conditions into the facility
at the time of sample collection — that is, daily
flow if using a composite sample, the percentage
of infections (or cases) in the population, and
the population size served. Ultimately, the data
would be converted to viral gene copies per person
contributing to the sewershed per day.
If flows and population sizes are unknown,
research teams may choose to use other fecal
normalization variables to estimate them. These
variables are microbes or chemicals that are
excreted or otherwise present in wastewater in a
more uniform and predictable manner. Examples
include chemical biomarkers such as BOD, COD,
creatinine, cholesterol, coprostanol, nicotine, and
cortisol, or such viral indicators as crAssphage,
pepper mild mosaic virus, or specific coliphage
groups and adenoviruses in the same samples
analyzed for COVID-19 virus RNA.

Knowledge Translation
Whether the chosen WBE approach aims to
provide qualitative or semi-quantitative results,
wastewater surveillance needs to reliably make
connections between the measured COVID-19 virus
RNA concentrations at the WRRF, hydrological
and environmental conditions, COVID-19 RNA
concentrations shed per capita, the burden of
infection in the population served, and the size of
the contributing population.
The easiest way to integrate WBE data into
the public health decision framework would be
to translate the measured virus gene copies into
a number of infected individuals. These data
could be more readily used by decision-makers in
determining where, when, and what types of public
health interventions are needed. However, this
approach is extremely challenging in practice.
Even when researchers can follow a stepby-step data normalization protocol based on
recommendations made by national agencies and
organizations, findings may be difficult to compare
spatially or longitudinally since so many unmonitored
factors can affect the result. It is essential to better
understand when a spike in predicted case numbers
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or RNA concentrations is considered a problem
that needs to be remediated with public health
interventions. The current approach provides no
triggers or thresholds for action and thus cannot
inform decision-making directly.
Most local public health agencies do not know
what to do with WBE data. They do not know
how to interpret WBE data or make it actionable
for their purposes. These agencies have a system
that to manage public health crises — one based on
testing and tracking infections, reporting infections,
illnesses, and death and rolling out immunization
programs — and often do not have the time in the
midst of a pandemic to integrate a new source of
information.
This gap highlights the need to publicize success
stories to the public health community and generate
specific recommendations of how best to integrate
WBE data into current reporting systems.
It also is the gap that could be filled by
knowledge translators. Knowledge translators, such
as epidemiologists, infection control professionals,
modelers, and GIS mappers, should create tools from
the data produced by the WBE analytical teams.
These tools would help describe where, how,
and under what conditions the RNA results can
be used for early detection and trend tracking
of infections. The tools need to identify when
and under what conditions RNA presence and
concentrations are consistent with infections
and what thresholds should trigger immediate
public health responses. They may also want to
characterize changes in RNA levels from sentinel
sites as the vaccine is rolled out, especially in
targeted settings like nursing homes, prisons, and
other high-risk facilities.
Once these tools are developed, training and
workshops will be needed to educate a new
generation of public health professionals in their
application to make the most of wastewater
surveillance.

Communication Plan
Content, platform, and frequency. Timely,
transparent, and open communication among all
collaborators will be critical to WBE effort success.
The data producers should determine preferred
result reporting platforms and communication
practices of all team members. This should
include a discussion about types of results
communicated (RNA concentrations versus trends),
communication platform (e-mail versus meetings),
and update frequency (immediate, weekly,
monthly). These meetings should be structured with
a multidisciplinary audience in mind.
Some discussion should focus on whether the
WRRF would like to see its WBE results and how
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those data will be used internally or externally. The
team also needs to identify conditions under which
immediate corrective actions may be required. For
example, unexpected non-detects or unusually
high results could signal a problem with sample
collection or analysis. Interpreting these outliers
may require some interaction with the sample
provider to better understand process fluctuations,
flow disturbances, and influent characteristics on
that sampling date.
How the data can be used. Distinguishing
what WBE results can and cannot do early on
can help collaborators better understand how
their contribution will help the fight against the
COVID-19 pandemic.
To date, WBE data has been used in three
effective ways.
■ Individual wastewater samples have been used
to represent a snapshot of community infections.
These snapshots provide qualitative (presence or
absence) results and help monitor the occurrence
of infection in the community.
■ A more structured, longitudinal sampling
approach, on the other hand, has provided
information related to COVID-19 trends of
infection (increasing or decreasing).
■ Screening at targeted sites (senior living homes,
correctional facilities, or college dormitories)
has been the trigger for additional individualbased testing and mitigation measures.
The University of Arizona successfully stopped
the spread of COVID-19 during the first week
of on-campus classes by detecting the virus in
dormitory wastewater. This detection prompted
additional testing, which led to identifying and
removing two asymptomatic cases.
What the data cannot tell us. At the moment, the
actual number of infections in the community cannot
be calculated with any certainty. To measure the
number of cases using WBE requires additional data,
including the patterns and variability of fecal shedding
of COVID-19 virus RNA from infected individuals,
RNA decay rates in wastewater, and often, more
complete characterization of sewersheds.
Risk. As interest in measuring COVID-19 RNA
concentrations in treated effluent and biosolids
grows, it is important to emphasize to collaborators
and utility staff that the detection of RNA does
not imply that infective virus is present, nor is it
related to the effectiveness of wastewater treatment
process. A growing number of peer-reviewed
publications are using RNA data to assess risk to
wastewater workers, public health, and wildlife.
These papers often overestimate risk and should be
read with caution.
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WBE Forecasts
WBE is not a new public health decision
support tool, but the current mobilization scale and
standardization of COVID-19 wastewater surveillance
efforts have surpassed all previous attempts to monitor
infectious agents in wastewater. How these efforts
could be translated to meet the constantly evolving
infection transmission dynamics of a large city, like
Los Angeles or Toronto, remains a dauting, and very
challenging task.
What is certain is that successful WBE campaigns
require the implementation of a formalized and
organized strategy. This strategy needs to include
a detailed sampling design, analytical method
validation, a knowledge translation strategy, and a
communication plan.
Today, three main multi-disciplinary groups of
collaborators make up WBE programs: Sample
providers, data producers, and knowledge users. This
trio would benefit from the support and expertise of
a fourth group: knowledge translators or interpreters.
Their contribution will be to develop the tools
necessary to operationalize WBE results and determine
when, where, and how findings correlate with actual
infection levels in the community. Only then can
local health agencies truly use WBE data to combat
COVID-19 in communities. 1
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Biosolids

Heating
Trends
Enhancing sustainability and neutralizing
potential threats in biosolids
Mike Weeks
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rbanization, industrialization, and
population growth present challenges to the
biosolids treatment sector alongside issues
such as expensive labor, rising energy costs,
and outdated equipment. This is before accounting for
increasingly stringent environmental constraints. What
worked today may not work tomorrow.
Water resource recovery facilities treat wastewater
to deliver safe water and biosolids back into the
environment. The disposal and potential reuse
of these solids has been evolving since the 1960s,
accompanied by a growing global desire to protect
the environment from all forms of pollution: air,
noise, solid waste, and wastewater. Several different
operations can transform municipal wastewater
solids into a valuable resource, with these biosolids
becoming a safe and sought-after product.
Reducing pollution by making a useful product
clearly enhances the sustainability credentials of
any public or private sector operation. But in a

world of evolving threats to public health and
unstable economic developments, how will water
resource recovery uphold its safety standards while
keeping costs under control? Can economic and
environmental sustainability go hand in hand?

Emerging Concerns
Class A biosolids is the term for wastewater
solids that meet U.S. Environmental Protection
Agency (EPA) guidelines for land application with
no restriction. One potential hazard to the purity
of these biosolids has emerged in the form of perand polyfluoroalkyl substances (PFAS), a group of
man-made chemicals that are very persistent in the
environment and in the human body. This means they
do not break down and can accumulate over time,
and there is evidence that exposure to these “forever
chemicals” can lead to adverse human health effects.
(See “Who Pays for PFAS Contamination?” on p. 46
for more on this topic.)

This facility in
Shanghai, China, is
receiving ANDRITZ
ﬂuid bed dryers
with cyclones,
which are shown in
the interior photo.
ANDRITZ
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This ANDRITZ belt
drying system
operates in
Germany
ANDRTIZ

Microconstituents

Another substance recently found in wastewater
are pieces — technically RNA — of the virus that
causes COVID-19. (See “Translating Wastewater
Surveillance Data” on p. 26 to see how this RNA
can be used for public health decision-making.)
Although the risk of coronavirus RNA in biosolids
is considered low, national bodies such as the French
Agency for Food, Environmental and Occupational
Health & Safety have issued recommendations that
wastewater solids produced during the pandemic
should not be spread to agriculture without first
being disinfected to eliminate any risk of exposure to
droplets emitted during slurry application.
Economic and environmental considerations, such
as these, mean that efficient, heat-based treatment
is the preferred option for disinfecting or making
biosolids safe.

Recycling Options
After screening, thickening, and dewatering,
a thermal drying phase can be adopted to further
transform these solids into a more useful product.
In addition to substantially reducing the volume of
solids requiring disposal, drying is an important step
along the route from untreated wastewater solids to
a product with nutrients and energy that can be put
to good use, such as Class A biosolids.
With the right treatment, wastewater solids can
be used as fertilizer — the embodiment of resource
recovery. These biosolids products also can be used
for land reclamation and landscaping, as alternative
fuel for power facilities or cement facilities
(catchword conservation of resources/primary energy
saving), or as dried solids for a variety of monocombustion and co-combustion applications.
The main field of application in many countries,
however, remains as fertilizer. The biologically stable
granulate, enriched with nutrients, can be used easily
and risk-free after it has been properly treated to
eliminate hazardous viral or chemical particles.
Conserving resources also is gaining importance,
making wastewater solids an increasingly interesting
proposition as an alternative fuel. Thermally dried
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solids can be used in refuse-fueled or coal-fired
power facilities and cement works. The cement
sector is a key user of wastewater solids. While
agricultural use only utilizes the chemical content,
using wastewater solids with other materials in
power stations and coal-fired cement kilns harnesses
thermal energy. When used in a cement works, both
the chemical and the energy content are optimized.
Energy consumption by the cement sector
is estimated at about 2% of the global primary
energy consumption, according to the May 2011
Renewable and Sustainable Energy Reviews article,
“A critical review on energy use and savings in the
cement industries.” The majority of cement facility
heat losses occur as heat losses in kiln exhaust gas.
Some installations in Europe use biosolids drying
technologies to recover this waste heat as usable
energy in the drying process.

Worldwide Examples
In Germany, the cement sector has proactively
supported the use of solids drying technology
within the cement facility process. For example,
three different facilities use three different drying
technologies — all of them using waste heat for the
drying process. Each facility uses the dried solids as
auxiliary fuel for cement production. One facility has
a single belt dryer handling 300 ton/d of wet sludge.
Another uses two paddle dryers to handle 300 ton/d
of wet sludge. A third facility has a single drum dryer
that is designed to handle 450 ton/d of wet sludge.
Belgium provides another example where a
facility pipes in steam from a waste-to-energy
facility to power a fluid-bed drying operation to dry
solids from 25 surrounding water resource recovery
facilities. This facility produces granules that are used
as fuel in cement facilities and a nearby coal-fired
power station.
Multiple biosolids drying facilities, notably in
North America, use drum drying systems with a
highly evolved back-mixing technique to produce
a durable and dust-free granule to provide a slow-

This ANDRITZ triple-pass sludge drying drum is the
world’s largest to date with a length of 18 m and a
diameter of 5 m. ANDRTIZ
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release nitrogen component for fertilizer blends.
Manatee County, Florida, uses 100% landfill gas
to power this type of dryer to service three water
resource recovery facilities, one of which is colocated at the landfill site.
Use of digester gas to power drying also is
common, including facilities in Honolulu, Hawaii;
Pierce County, Washington; and Pinellas County,
Florida. Often, operators add organic waste to
digesters for enhanced gas production.
A prime example of this type of resource
recovery can be found in Ocean County, New
Jersey. Several years ago, the Ocean County Utilities
Authority (OCUA) won first place in the U.S. EPA
National Clean Water Act Recognition Awards for
a project that embodies a trash-to-cash approach.
OCUA takes the municipal waste from three water
resource recovery facilities and turns it into valuable
OCEANGRO® fertilizer pellets. A combined total
flow of 80 million L/d passes through three belt filter
presses, two drum drying systems, and a 24-hour
fertilizer facility. As a result, 8,500 ton of profitable
pellets are produced each year. There is a reduced
landfill demand and multiple environmental accolades.
Shanghai, China, moved from fertilizer
production to energy recovery. Here is a combined
sewer network that produces sharp fluctuations in
the quantity and calorific value of solids, making
it difficult to control incineration. The solution
now being built is a combined, steam-heated, fluidbed drying facility for producing incinerator fuel.
The fuel is dosed with dewatered cake in a staged,
bubbling fluid-bed incineration unit. It comprises
nine fluidized bed dryers, six EcoFluid fluidized bed
boilers with flue gas cleaning, and full automation
sized to process up to 3,000 ton/d. When completed,
it will be the world’s largest facility of its kind.

Selecting the Right Technology
The most common drying technologies for
solids are paddle, belt, drum, and fluid bed.
Each technology has its own advantages, yet
collectively these solutions cover a broad range
of application requirements. The source of
thermal energy to be used for the process plays
a key role when selecting the drying technology
as this largely determines the cost-efficiency. The
product also requires consideration, as different
methods of utilization call for different methods
of preparation and treatment.
When primary energy is available (natural gas,
biogas, oil, etc.), drum and fluidized bed dryers
provide the most compact units. Drum dryers
require hot gas temperatures of greater than
400°C, which are generated when gas or oil is used
as heating medium. In addition to primary energy,
a fluidized bed dryer also can use waste heat in the

medium temperature range — flue gases greater
than 180°C, steam greater than 600 kPa (6 bar).
The belt dryer has distinct advantages when using
waste heat at low temperatures with flue gases
less than 150°C, steam less than 600 kPa (6 bar),
or hot water greater than 90°C, etc.). The paddle
dryer is best at using saturated steam or hot oil at
around 180°C.
All these systems are capable of producing a
granulate, Class A biosolids with
n pathogens reduced to virtually non-detectable
levels,
n a dry solids content in excess of 90%,
n low dust content, and
n stable biological properties.

Microconstituents

These ANDRITZ
Gouda paddle
dryers are similar
to models installed
at the Jebel Ali
Sewage Treatment
Plant in Dubai.
They are used to
produce biosolids
for use as fertilizer
and soil improver.
ANDRTIZ

Drum dryers provide exceptional product quality
for agricultural use. Dry product obtained in this
way can be transported and stored safely and easily
thanks to the quality of the granules and their
biological stability. This granulate is suitable for
applications that draw on its substance content or
thermal energy, where the carbon-neutral properties
are greatly appreciated in thermal utilization.

The Way Forward
With the right choices, economic and
environmental sustainability in water resource
recovery can go hand in hand. Multiple proven
solutions are available for biosolids reuse and
resource recovery to enhance sustainability, while
advances in the technology itself coupled with
cutting-edge control and automation systems mean
that the tools to address additional threats and
challenges are already available. Implementing
an optimum biosolids resource recovery program
requires clearly defined, project-specific success
parameters, intimate knowledge of existing global
solutions that work, and a partner that can aid in
aligning the two. 1
Mike Weeks is Sales Director at ANDRITZ
Gouda B.V. (Waddinxveen, Netherlands).
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The Right Lid
Selecting a digester cover plays a key
role in facility sustainability
David Dubey
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for the Job
T

he growing need for sustainability incentivizes more water resource recovery facilities to recoup the gas
produced by their digesters. With facilities now considering collections of high-strength wastes, such
as food wastes from local food processors, collecting and using this gas can help facilities increase
sustainability. This is increasingly true for smaller facilities as well as large ones.
This trend highlights the digester cover’s important role in saving costs and added sustainability. Because
digester gas production is not constant, storage is needed to buffer the gas utilization equipment. (Average hourly
gas production typically requires 6 to 8 hours of minimum storage.) The digester provides vital storage, and
selecting the right cover type and design to meet the facility’s priorities and needs should be equally important.
Consider the following when making decisions to maximize your facility’s sustainability.
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Digester History
Digesters have been part of water resource recovery facilities for more than 100 years. The original
and primary purpose of a digester cover is to keep out oxygen to facilitate anaerobic treatment, retain
process heat so that the digester does not need as much extra energy to support the digestion process,
and to contain and store the gas produced at a constant gas pressure.
When designing a digestion treatment system, size and type of anaerobic treatment are considered.
Most facilities will have a primary digester that receives solids directly from primary and secondary
clarifiers. A secondary digester is usually installed for additional digestion as well as solids storage.
The primary digester will produce significantly more digester gas than the secondary digester. It will
also be much more likely to experience a foaming event. This foaming can be related to biology, such
as from filamentous bacteria, surfactants (detergents), a mixing issue causing rapid expansion, or a
combination of the any of these. Slug feeding can also cause foaming due to the rapid introduction of
biodegradable material that can cause rapid expansion. The secondary digester, which receives solids
from the primary digester (mostly digested already), will generally have much lower gas production and
foaming is generally not encountered.

Steel or Membrane
Back in 1925, digester covers were made with
steel plates welded to the bottom of steel trusses.
Wood rafters and wood planking were added to the
top to provide insulation and weather protection
for the roof. Traditional roofing materials —
tar and felt — were covered with pea gravel.
Additionally, concrete was used.
Cover technology has evolved, and digester
covers are now produced primarily from either
steel or flexible membranes. This presents facility
designers with a fundamental material choice.
Steel. A steel cover will have a much longer life
if maintained. It is typically more accommodating
for various types of mixing options. It also offers
easier access for service. A steel cover usually
includes a walkway to access the gas safety systems
and other equipment on the cover. A steel cover

A partially installed truss type cover sits above a digester. Courtesy Evoqua
Water Technologies
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also accommodates sample ports. Installing a steel
cover requires using a crane for a much longer time
than it does for a membrane cover.
Membrane. A membrane type cover will
be lower in cost and typically provides much
higher gas storage capability. Although relatively
uncommon due to its cost, a membrane cover can
have a geodesic-type dome supporting a walkway
up to the top center for access to the gas piping
and gas safety equipment. Much more commonly,
membrane type covers will have a top center gas
connection with flexible hose, or a gas connection
on the side of the digester. Installation cost of a
membrane cover will be significantly lower than a
steel cover installation.

Steel Details
There are three basic types of steel covers: a
fixed cover, a floating cover, and a gas storage
cover. There are also two basic construction
techniques: truss type or arched rib type.
Construction. Truss type covers have multiple
trusses between the center and perimeter of the
cover with top and bottom steel plates welded to the
trusses. On an arched rib type cover, the ribs and
plates are designed in an arch shape that forms the
structural support, eliminating the need for trusses.
The steel plates in a truss cover have no structural
importance. Truss type covers have been more
dominant over the years, but they currently are not
as widely specified due to cost. They do, however,
have the benefits of better insulation and access.
Insulation properties of digesters are important
since the contents must be maintained at 35°C
(95°F) for a typical mesophilic digester for
optimum performance. It is even more important
when thermophilic digestion, which is operated at
55°C (131°F), is being considered.
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Fixed or floating. A steel fixed cover is used
primarily on primary digesters when the gas produced
is linked to another digester or cover system. Digesters
with fixed covers are often operated where the solids
level is constant. An overflow type digester where
any influent is offset by effluent exiting over a weir
or overflow pipe will have a constant solids level and
may not require a floating cover. A center gas well
will provide for gas connection to gas storage and
utilization equipment. The gas exit is via a connection
on the center gas well and is typically at least one foot
above the wall to keep solids and foam from getting
into the gas line.
A steel floating cover allows solids level variation
and does not have any storage capability. The cover
will be seal welded and will float on the solids or gas
bubble between the cover and solids. When solids
go below the minimum level, the cover will rest on
concrete protrusions built into the wall called corbels.
Much like a fixed cover, a floating cover will have a
ballast is done after the cover is in place and resting
center gas well for accommodating the digester gas
on the corbels but before the last cover plates are
connections. Gas produced in the digester rises to the
installed. One innovative technique involves a
center of the cover where it is collected. A floating
pourable ballast ring which negates the requirement
cover will have a mechanism for keeping it aligned in
for blind lifts of concrete ballast blocks.
the digester and allowing it to rise and fall with the
As an example of ballast required, a 15.24-m
solids level. Typically, there are rollers attached to
(50-ft) diameter steel truss type digester cover would
brackets on the cover to guide it.
have a surface area of about 610 m2 (2,000 ft2). In
order to keep a gas pressure of 17.78 cm (7 in.) of
Managing pressure. When designing a digester
water column, about 31,751 (70,000 lb) of ballast
gas collection system, a pressure is decided on that
is required. A 15.24-m (50-ft) diameter steel cover
allows for gas usage in the associated equipment.
weighs about 22,680 kg (50,000 lb) and requires
Typically, this is in the 15.54-cm (6-in.) to 25.4-cm
9,071 kg (20,000 lb) of ballast to maintain 17.78
(10-in.) water column (w.c.) range for a boiler or
cm (7 in.) w.c. pressure.
combination boiler–heat exchanger. Gas safety
A steel gas holder cover is very similar to the
equipment then will be specified to operate at a
floating cover except that the rim skirt extends down,
pressure above the design pressure.
creating a cylindrical volume for gas storage as the
To achieve this digester gas design pressure, the
cover rises up off of the solids. The average rim skirt
steel cover includes a concrete ballast to provide
length is 3 m (10 ft). The longer the skirt, the greater
additional weight to increase the gas pressure.
the gas storage volume the cover can contain.
The majority of the ballast is at the bottom of the
In order to provide stability to a gas holder cover
skirt on a ballast ring, but some can be on the
while storing gas, guidance systems are an integral
surface to allow adjustment if needed. (Generally,
part of the cover. These guidance systems can be
surface weight is not used since adjustment after
construction rarely
occurs.) With the ballast
on the bottom of the
ring, it will be partially
submerged in the solids.
As the gas pressure
rises, the ballast will
rise out of the solids
increasing its apparent
weight, increasing the
gas pressure. With a truss
type floating cover, the
weight may be on the
ceiling plates.
A steel fixed cover tops a digester. Courtesy Evoqua Water Technologies
Installation of this

Sustainability

An arched rib type
cover is installed.
Courtesy Evoqua
Water Technologies
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Sustainability
membrane type cover system. As with steel covers,
gas pressure and storage volume are the two primary
parameters. Storage volume needed will determine
whether the cover can be mounted on one or more
of the existing digesters or if a separate storage unit is
needed. Gas pressure will determine the shape, fabric,
and whether restraining cables are required.
Whether the cover is installed on a primary or
secondary digester is important also. When used on
a primary digester, consider designs featuring a gas
connection on the top of the membrane cover that
limits potential foam from entering the gas piping.

Maximum Service Life

A spiral guided gas
holder type cover
sits over a digester.
Courtesy Evoqua
Water Technologies

either vertically or spirally guided. A spiral guide
has an inherently better alignment capability. When
the cover is elevated above the top of the tank
by gas, the spiral guides help ensure it does not
become jammed due to wind loading, which puts a
sideways force on the cover.
Steel covers do require periodic repainting to
ensure long life. Typically, it is recommended every 10
years. This normally involves lifting the cover from
the digester, sandblasting, and re-coating. With routine
re-painting, the cover will last many decades.

Membrane Type Covers
While steel covers offer long life when properly
maintained, membrane type covers offer a lower
cost option for gas storage. The dome made from
a polyester fabric with PVC coating, similar to that
found on sports stadiums, can be mounted on the
digester or to a concrete pad on the ground.
The Dystor® digester, a patented low-pressure
membrane gas storage system has two membranes:
an inner gas-holding membrane and an outer air
membrane that keeps the gas pressure constant and
handles the wind loading.
Consider several options before selecting a

Vertical guide type
cover shown in red.
Courtesy Evoqua Water
Technologies
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A membrane type cover should last 15 to
20 years or longer. There is no maintenance
required with membrane type covers. Selecting
the appropriate design at the onset ensures the
membrane material doesn’t exceed its design stress
with an appropriate safety factor.
A significant source of stress on a membrane
type digester cover is wind loading. Although this
is a consideration in steel covers, it is a significant
design parameter in membrane covers. Membrane
strength required is dependent on several
parameters:
■ membrane shape, or how much of the sphere is
made up of the membrane;
■ height-to-diameter ratio;
■ design pressure;
■ design wind speed; and
■ restraining cable use.
With restraining cables, the force on the
membrane is limited to the distance between the
cables. As highlighted in the steel cover ballast
discussion, the force can be quite large when
considering the whole cover. With steel restraining
cables, the force is divided among the cables,
limiting the force on the fabric significantly.
Membrane covers and low-pressure storage systems
can be designed without restraining cables, but
fabric strength, design pressure, and wind load have
to be taken into account.
Finally, fabric design has two
parameters that are important for
long life — warp and weft tensile
strength. Warp and weft are the
two directions of thread in the
fabric. During fabric production,
the warp is the thread that is held
stationary while the weft is the
thread that is woven over and
under the warp. Due to the nature
of this process, warp strength
can be significantly higher than
weft strength. Nevertheless, it is
important to ensure that the tensile
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Parts of a typical
membrane type
cover system are
diagramed. Courtesy
Evoqua Water
Technologies

strength of both thread types is high enough to
handle pressure and wind loads, given the design
shape and restraining system of the membrane
cover.
Membrane covers require a small fan (typically
with redundant backup) to keep the air side inflated
and keep pressure on the gas membrane. This fan
is normally less than 10 hp for a medium to large
membrane storage system.

Installation
A final factor to consider in selecting a digester
cover strategy is installation. Steel digester covers
are delivered to the site in multiple sections and are
welded together on site. After welding, the cover
is sandblasted and painted. Depending on size, the

cover can be assembled on the ground and lifted into
place or assembled in place on the digester. This onsite assembly and welding time will take many weeks
to complete. There are many contractors available to
complete this heavy steel work.
By contrast, membrane type covers are delivered
complete, with the fabric already welded together
ready to be lifted in place. Minimal preparation on site
is needed. The fan system is set, wired and plumbed
in a couple of days. Many times, installation can be
completed in just a couple of weeks, especially when
the installer is experienced in membrane type covers
and understands proper lifting and layout. 1
David Dubey, P.E., is the Product Manager at
Evoqua Water Technologies (Pittsburgh).

A typical high gas
take-off type cover
system features
a gas connection
on the top of the
membrane cover that
limits potential foam
from entering the
gas piping. Courtesy
Evoqua Water
Technologies
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Who Pays
for PFAS
Contamination?
Shifting drinking water treatment costs
to product manufacturers
Ken Sansone
46
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M

any parts of the U.S. have
recently seen increased
testing and regulation of
groundwater contaminated with
perfluorooctanoic acid (PFOA), perfluorooctane
sulfonate (PFOS), other per- and polyfluoroalkyl
substances (PFAS), or similar chemicals. For
example, several northeastern states, including
New Jersey, Massachusetts, and New Hampshire,
have recently enacted regulations limiting PFOA
or PFAS in drinking water to concentrations less
than the low double digits in parts per trillion
(ppt), while California has ordered the testing
of drinking water supply wells near suspected
PFAS sources and required notice of detections
of PFOA or PFOS above concentrations in the
single digits in ppt. These efforts have drawn

attention to the culpability of manufacturers
for selling these toxic compounds, and products
that included them, without notifying people
of the dangers. In fact, the culpability of one of
those manufacturers for contaminating drinking
water near one of its manufacturing facilities in
West Virginia with PFAS used to make non-stick
cookware has been the subject of both an awardwinning documentary and a major motion picture
over the past 2 years.
Lawsuits against manufacturers for
groundwater contamination caused by their
products usually rely on a legal doctrine known
as “products liability.” Based on this rule, a
manufacturer or seller is liable if a defect in the
design of its product causes injury while the
product is being used in a reasonably foreseeable

Product liability
law is meant to
protect consumers
when products
do not perform as
expected or when
manufacturers fail
to provide warnings
of risks of their
products that the
manufacturers
know or should
know about.
Courtesy Ken
Sansone
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Several states have
recently enacted
regulations limiting
PFOA or PFAS in
drinking water to
concentrations less
than the low double
digits in parts per
trillion. Courtesy Ken
Sansone

way. Litigation against manufacturers claiming
that their defective products resulted in the
contamination of water supplies has been
successful in recovering more than a billion
dollars in verdicts and settlements for water
systems over the past 20 years or so.

What Are the Challenges of
PFAS Regulation?
In early 2020, California, for example, set its
own regulatory limits for certain PFAS compounds
in drinking water. Specifically, California set
response levels of 10 ppt for PFOA and 40 ppt
for PFOS, based on the average concentration of
each constituent measured across four quarterly
samples at a drinking water source. Previous
response levels had been 70 ppt for PFOA and
PFOS combined, consistent with guidance from
the U.S. Environmental Protection Agency (EPA).
California’s notification levels are now even lower,
at 5.1 ppt for PFOA and 6.5 ppt for PFOS.
Detecting levels of PFAS substances in excess
of the response levels has generally caused water
systems to take contaminated water sources out
of use, to begin treating the water delivered, or to
provide public notification of the contamination.
Notification levels, on the other hand, require
suppliers either to take the contaminated source
out of service or to provide notice of the presence
of the contaminant to the governing body of the
municipality where the well supplies water.
For most systems, getting PFAS-contaminated
sources back into compliance will require costly
treatment measures that will likely run into the
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millions of dollars to build and maintain. Among
the potential costs are
n the design, construction, and operation of
treatment facilities for contaminated wells;
n the costs of purchasing water to replace
production from contaminated wells taken out
of service; and
n the costs of disposing of treatment media
contaminated with toxic PFAS.
For some cash-strapped water systems, these
costs could prove catastrophic unless outside
funding is secured. The good news for affected
water systems is that relief is potentially available,
in the form of lawsuits against the manufacturers
whose products likely caused the contamination.

What Is PFAS?
PFOA and PFOS are part of the PFAS family of
about 6,000 chemicals used in fire retardants, as
well as stain-, water-, and grease-resistant products.
These compounds were created in the 1930s, and
beginning soon after, they were made for use in
products such as hiking boots, rainwear, swimwear,
cookware, and disposable food wrappings. Within
the U.S., PFOS was exclusively manufactured by
the 3M Company (St. Paul, Minnesota), which,
together with DuPont (Wilmington, Delaware), also
manufactured PFOA. In 2002, the use of PFOA and
PFOS in manufacturing began to be phased out in
the U.S., though versions of them are still used in
some manufacturing processes, and they may also
be found in new products imported from countries
that have not banned the substances.

▼
▼
▼
▼
▼
What Are the Health Concerns?
Concerns about the effect of PFOA and PFOS
on human health arose decades ago. The U.S.
EPA found traces of the chemicals in human
tissue samples being collected since the 1970s.
However, it is only over the last 20 years or so
that regulators have started to become aware of
the hazards of these substances. Researchers have
found potential links between the chemicals and
a variety of adverse human health effects. These
include reproductive and developmental, liver and
kidney, and immunological effects. Other studies
have also found that certain PFAS caused tumors
in lab animals.

How Can PFOS and PFOA
Get in Drinking Water?
PFOS and PFOA may enter drinking water
supplies when products made with the substances
are disposed of in landfills or when residues from
household use of those products (e.g., washing
PFAS-containing cookware or clothing) end up in
wastewater. These PFOS and PFOA concentrations
can then be carried through landfill leachate,
wastewater discharge, or water resource recovery
facilities into groundwater basins. The manufacture
of products containing PFOS and PFOA has also
resulted in releases of the substances into local air,
soil, and surface water, and from there into drinking
water supplies. PFOS and PFOA also were used
in firefighting foam, known as AFFF, allowing the
chemicals to enter drinking water supplies when
the foam was used in training exercises at military
installations, airports, or similar facilities.
PFOS and PFOA are considered “forever”
chemicals because they do not break down
over time. The chemicals spread very easily in
groundwater.

Who Should Be Held Responsible?
There is evidence that the manufacturers of
PFOA and PFOS knew that they caused harm when
used as intended but did not warn consumers of
the risk. For example, internal documents from
3M that have been disclosed in lawsuits against the
company show that, as early as 1960, 3M knew
that PFAS disposed in landfills would eventually
reach groundwater supplies, and that, as early
as 1976, 3M was concerned enough about the
health effects of PFAS that it began monitoring
PFOS levels in the blood of its employees. In
1979, 3M attempted to test the health effects of
PFOS by administering it to a group of laboratory
monkeys, but had to halt the study when all 20
monkeys died prematurely. Internal 3M studies in
the late 1970s also showed PFAS to be completely
resistant to biodegradation. Yet, around that time,

Microconstituents

3M was marketing its firefighting foam product,
which contained PFOS, as biodegradable and low
in toxicity. Documents obtained from DuPont in
litigation tell a similar story. As early as 1961,
scientists working at DuPont had warned others
at the company about toxicity associated with
PFAS, and, by the late 1970s, DuPont had gathered
information showing that its workers exposed to
PFOA had a significantly higher incidence of health
issues. By the early 1980s, DuPont had concluded
that PFOA is toxic and that it was entering the
environment, including groundwater, near its
manufacturing facilities. Yet DuPont decided not
to take any action to reduce or warn of these risks
until nearly a decade later.
Product liability law is meant to protect
consumers when products do not perform as
expected, or when manufacturers fail to provide
warnings of risks of their products that the
manufacturers know or should know about.
Outside of the water sector, familiar examples of
manufacturers facing liability to consumers for
defective products include lawsuits over asbestos
exposure from insulation and a variety of other
products; birth defects from thalidomide, an antinausea drug given to expectant mothers; and
the need to renovate older houses because of the
presence of lead paint.
Within the water sector, a number of water
systems have recovered against oil companies for
contaminating water supplies across with MTBE,
a chemical that was added to gasoline, and which
entered groundwater as a result of small spills and
leaks that occurred during the ordinary operations
of gas stations. Likewise, water systems in
California have recovered tens of millions of dollars
against the manufacturers of fumigant pesticides
that contained TCP as an inactive ingredient; these
pesticides were used, as intended, by injecting them
directly into soil in fields and orchards, which
allowed the TCP in the products to reach and
contaminate local groundwater.

Per- and
polyfluoroalkyl
substances (PFAS)
are known as
forever chemicals
because they do
not degrade in
nature. Courtesy Ken
Sansone
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Treating
drinking water
contaminated with
perfluorooctanoic
acid (PFOA),
perfluorooctane
sulfonate (PFOS),
other per- and
polyfluoroalkyl
substances
(PFAS), or similar
chemicals can
prove costly
to wastewater
resource recovery
facilities. Holding
manufacturers
responsible for
contamination
via lawsuits
is one option
for recouping
treatment
expenses. Courtesy
Ken Sansone
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This history paints an encouraging picture for
water suppliers seeking to secure reimbursement for
costs related to the cleanup of PFAS contamination
from the manufacturers of these chemicals. SL
Environmental Law Group alone has recovered
more than $1 billion from manufacturers in verdicts
and settlements to assist government agencies and
other water suppliers in cleaning up contaminated
water.

Who Beneﬁts from Taking Action?
In addition to protecting your water system’s
financial resources, pursuing legal action against the
manufacturers now is one way to demonstrate to
your ratepayers and community that you are taking
action to keep the community safe and recoup costs
outside of raising rates. Being among the first to
act also ensures that your lawsuit is scheduled into
busy court dockets as early as possible. In addition,
water systems need to be aware of the potential
effect of statutes of limitations, or other laws
placing time limits on their right to recover in court,
on their claims for PFAS contamination. These time
limits can be short, running out in as little as 2 or 3
years from when a water system becomes aware of
the presence of a contaminant, and may even start
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running before that (for example, when the product
causing the contamination was last sold). Once
these time limits run out, there can generally be no
recovery from the manufacturers, even if the water
suppliers’ damages continue far into the future — as
the costs of systems affected by PFAS, called the
“forever chemical” due to its persistence, would be
expected to do.

What to Do if You Have PFAS in
Your Water Sources?
Systems that have detected PFAS in any of their
sources should consult with legal counsel as soon as
possible to explore recourse that protects its rights
and those of its ratepayers to pursue the costs of
any treatment against the manufacturers who are
responsible, and to ensure that they can take legal
action in a timely manner. 1
Ken Sansone is a partner at SL Environmental
Law Group San Francisco, where he exclusively
represents drinking water suppliers, including cities,
water districts, mutual water companies, and other
utilities in identifying and holding groundwater
polluters accountable. He can be reached at
KSansone@slenvironment.com.
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OPERATOR ESSENTIALS

Odor Control

What Every Operator Should Know
About Wastewater Odor Generation and
Vapor Phase Odor Control
Dirk Apgar and Richard Finger

Knowledge Principles

Practical Considerations

Odor control

Wastewater can produce many odors. The composition of odor-causing compounds varies widely
depending on the source of the odor, detention time in a system, and the ambient temperature of
system operations.

Odor control systems
are designed to
eliminate foul odors
that can be associated
with wastewater
collection and
treatment facilities.

Public perception is one of the main drivers in the implementation of odor control measures. Foul
odors in collection and treatment systems typically are addressed when utilities receive public
complaints or believe that the placement of a new facility may generate complaints. Properly
mitigating these complaints can be difficult, costly, and time-consuming.
The primary challenge with odor control is variability. There is no one-size-fits-all solution. Often,
odor control can require a combination of different treatment methods and operational strategies to
fully address the concern.

Odor sources

Understanding an
odor’s source is key to
treating it. Domestic
wastewater streams
will be very different
from industrial
streams. Systems
with long detention
times will be different
than those with flows
that move through a
system quickly.
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Different sources will produce different odors due to nutrient loading within the system and the ability
of bacteria to break things down.
Use testing to identify the odor compounds present. Knowing which compounds need to be removed
or captured points to the next step in the process.
Understand the hydraulics of the system. Such characteristics as detention time, hydraulic profiles
of structures, and the number of times the water is repumped and stirred provide insight into odor
control strategies.
For example, long detention times in large systems or pump stations that do not empty often can lead
to septic conditions. Likewise, hydraulic drops, such as in a manhole or in a diversion structure, can
cause odors to be released. Flow obstructions such as siphons can result in the release of odorous air.
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Odor Control

Knowledge Principles

Practical Considerations

Odor types

Several primary odor compounds cause most complaints. Being able to identify them by smell helps to
ensure the effectiveness of the treatment and provides insight into system troubleshooting. Below are a
few common odor-causing compounds and their associated odors.

Many different types
of odor compounds
and sources contribute
to odor issues.

• Hydrogen sulfide (H2S) ➔ rotten eggs
• Methyl mercaptan ➔ decayed cabbage
• Dimethyl sulfide ➔ decayed vegetables
• Dimethyl disulfide ➔ decayed vegetables
• Ammonia ➔ sharp, pungent odor
Odor
containment
and capture

Foul air must be
prevented from
escaping into the
environment and
affecting neighbors.
It must then undergo
an odor-scrubbing
process to remove the
odorous compounds
from the air stream.

Sewers, pump station wet wells, and treatment facility unit processes must be sufficiently sealed so
foul air can be extracted with a fan through ductwork to an odor-scrubbing technology. To the extent
possible, the volume of air to be treated should be kept to a minimum to limit the size and cost of the
treatment units and media/chemicals. Channel covers and air conveyance piping and fans must be
constructed from corrosion-resistant materials. Since many areas where covers are used are confined
spaces, proper procedures must be followed when they are entered.

Vapor-phase
odor control
technologies

Vapor-phase odor
control technologies
remove or alter the
form of odorous
compounds from an
air stream.

There are five main groups of vapor-phase odor control technologies:

Chemical
scrubbers

Chemical scrubbers
remove odors by
passing foul air
through a packing
media wetted with
a recirculated liquid
chemical solution. The
packing provides a
large interface surface
between the gas and
liquid where the
odorous compounds
can be absorbed
into the liquid and
chemically altered
into non-odorous
forms and/or remain
dissolved in the liquid.

Chemical scrubbers are commonly used and effective. They are used in water resource recovery
facilities where their ability to treat large air volumes in a small footprint, relative to other
technologies, is desirable. Chemical scrubbers can achieve over 99% removal of H2S and achieve high

• Chemical scrubbers
• Biological scrubbers
o Biofilters
o Bioscrubbers
o Biotrickling filters
• Solid media scrubbers
o Activated carbon
o Proprietary impregnated alumina
• Thermal oxidation systems
• Ozone and ionization systems

levels of overall odor removal.
Of the available vapor-phase odor removal technologies, chemical scrubbers are the most complex and
maintenance-intensive. The relatively high maintenance requirements make chemical scrubbers a less
desirable choice at unstaffed facilities. Recurring maintenance includes
• chemical solution probe (pH & oxidation–reduction potential) calibration;
• chemical injection pump gas purging and pump rebuilding;
• chemically cleaning the packing material, mist eliminator, and/or spray nozzles due to scaling; and
• chemical solution recirculation pump maintenance.
Chemical scrubbers are capable of handling varying odor concentrations and can be started up
quickly. The chemicals used are dependent upon the odorous material to be treated, but may include
caustic, bleach, acids, or a combination. Since most of the chemicals used are classified as hazardous,
proper containment and operational procedures must be followed and proper personal protective
equipment needs to be used.
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Odor Control

Knowledge Principles

Practical Considerations

Biological
scrubbers

Biological scrubbers come in three main forms — biofilters, bioscrubbers, and biotrickling filters.
Each form provides an environment that can support a microbial community that uses odorous
compounds as an energy or carbon source. The byproducts of this microbial degradation are
mostly carbon dioxide, water, sulfate, and nitrate. Regardless of the type, biological scrubbers
typically are less complicated than chemical scrubbers and more complicated than solid media
scrubbers.

Biological scrubbers
support a microbial
community in a liquid
wetted media. The
odorous compounds
are absorbed into the
moist surface and
are consumed by the
microbes.

Some advantages of these system are that they lack hazardous chemicals needed for the process and
the biomass is self-regulating depending on the amount of odorous compounds present. However,
biological scrubbers are less able to respond to significantly variable loadings over short time periods
due to the time required for the biology to react to the changing conditions. They also require an
acclimation period when started to develop the necessary biological culture.
Biological scrubbers are considered a sustainable technology.
Biofilters can be built directly on or in the ground, in a vessel, or in a modular configuration. With
any of these configurations, organic (compost, soil, peat, bark, wood chips) or inorganic media (lava
rock, clay balls, sand, and other materials) have been used. Regardless of the media type, it must be
supported above a foul air distribution ducting or plenum configuration. Moisture must be added
to the media either through humidification of the air stream or by irrigating the media from the top
using sprinklers or below the media surface with drip irrigation. Organic media typically provides
enough nutrients to support the microbial community. Supplemental nutrients may need to be added
to inorganic media to support the microbes.
Bioscrubbers are typically configured with two vessels. In one, the odorous compounds dissolve into
the liquid phase. This liquid is then transferred to a second vessel where suspended growth biomass
converts the odorous compounds as described above and the liquid is recirculated to the first vessel.
Biotrickling filters are configured within a single vessel that appear outwardly like chemical scrubbers.
As foul air is passed through an irrigated media, odorous compounds are both absorbed into the liquid
and converted by the biological growth suspended there. Irrigation of the media may be continuous or
intermittent and may be recirculated from an integral sump or use fresh water and immediately drain
after passing through the media only once.
Different manufacturers use different nutrient substrates depending on their particular system.
Nutrients may be added to the irrigation liquid as necessary to allow the biological growth to flourish.

Solid media
scrubbers

54

Solid media scrubbers
remove odorous
compounds by
adsorbing them to the
surface of the media
where they are held
by attractive forces or
by chemically altered.
These devices can be
used on their own
or as an additional
stage of treatment that
will remove residual
odors inadequately
removed by another
technologies.

Activated carbon adsorption has long been used as a filtering media due to its ability to remove
a broad array of odorous compounds effectively. It does so by capturing odorous compounds
over a very large surface area for a given media volume. The porous structure of activated carbon
provides a large surface area where odorous compounds can be held to the solid by intermolecular
attractive forces.
Carbon impregnated with chemicals such as sodium hydroxide (NaOH) or potassium hydroxide
(KOH) can be used to react with H2S and provide higher rates of odor control provided by plain
activated carbon. The increased rate of H2S removal can come at the cost of a lower rate of removal
for other compounds.
Potassium permanganate or other proprietary chemicals can be impregnated on a substrate such as
alumina and used for targeting specific odorous compounds.
Iron oxide scrubbers have also been used to remove H2S.
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Odor Control

Knowledge Principles

Practical Considerations

Solid media
scrubbers
(continued)

Solid media scrubbers require lower maintenance than other odor control technologies. Periodic changing of
the spent media is required and cleaning of mist eliminators or grease screens upstream of the scrubber will
be required. Adequate drains must be provided in the scrubber vessel to remove moisture condensed out of
the airstream. Failure to remove airborne moisture, grease, or other contaminants ahead of the media can
result in reduced odor control efficiency by the media and poor performance due to inhibited airflow.

Thermal
oxidation

Thermal oxidation
uses heat to convert
odorous compounds
into non-odorous
forms.

Thermal oxidation of odorous compounds can occur when the foul air stream is heated to 704° – 980°
C (1300° – 1800° F) for 0.5 – 1.5 seconds (WEF, 2020). Technologies typically used to heat a foul air
stream are direct-fired, recuperative, and regenerative oxidizers. Catalysts may be added to increase the
conversion of odorous compounds. Combustion in flares or in cogeneration internal combustion engines
can also destroy odorous compounds.

Ozone and
ionization

Ozone and ionized air
can convert odorous
compounds to nonodorous forms.

Electricity is used to create ozone or ionize compounds in the air by removing or adding an electron to
the compound or atom. Both ozone and ions are highly reactive and can convert odorous compounds
to non-odorous forms.

Ozone units use
electricity and create
an arc across metal
grids. When the arc is
created, it generates
ozone and hydroxyl
radicals from oxygen.
Both ozone and
hydroxyl radicals are
strong oxidants that
break down odorous
compounds in the air.

Physical system
controls

Ozone
Ozone systems have been used for a long time to create strong oxidants for liquid phase systems. New
technologies are emerging slowly to address odor compounds with ozone in the gas phase.
These new units draw air through a contact chamber using a fan and typically use only 110V power
to create the arc that generates the ozone. Ozone is injected into the exhaust air discharge to react
with and destroy the odorous compounds. Ozone does not last long and must be used within a short
amount of time after being generated. Care must be taken to ensure that ozone is not released into
occupied areas as it is a respiratory hazard. It has a distinctive odor that has been characterized as
metallic or pungent. Once you have smelled it, it is easy to recognize.
The technology is still developing, and early units have experienced reliability issues that are being
worked through. With no need for chemicals or a water source, the units show promise for the future.

Ionized air is created
using ionization tubes
and is composed of
positive and negative
ions and oxygen
clusters. It is highly
reactive to most
odorous compounds.

Ionization
Ionized air often is injected into the exhaust air prior to discharge. Since ionization systems do not
produce significant ozone, it has also been injected into the air supply to odorous areas.

Physical odor controls
also can be built into
collection systems and
treatment facilities
to prevent emissions
by containing odors
within the system.
The type and size vary
based on applications.

Different physical controls can include
• tank covers,
• rain dish inserts for manholes,
• exhaust fans,
• P-traps,
• elimination of water cascading or turbulence,
• drop manholes,
• sealing gaps in manholes or covers,
• maintaining laminar flow when possible for gravity systems,
• system (pump) timing to prevent water stagnation, and
• building enclosures. 1

Dirk Apgar is a professional engineer with the King County’s Wastewater Treatment Division in Seattle. Richard Finger is a certified wastewater
operator, chemist, and former manager of King County’s West Point Treatment Plant.
Additional information on specific odor control technologies can be found in the Water Environment Federation Manual of Practice 25: Odors
Emissions and Control for Collection Systems and Water Resource Recovery Facilities 2020.
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BUSINESS
Joseph Wright has joined DENSO
Products and Services Americas Inc. (Long
Beach, California) as its new director of
Americas Operations.
Wright is responsible for
overseeing all DENSO
shipping and receiving
operations across North
America, including
DENSO’s warehouse
and distribution
Joseph
Wright
centers in California
and Indiana. Wright brings more than
20 years of experience in warehousing,
transportation, global logistics,
procurement, and production to the
position. He also has experience in budget
management, vendor negotiations, quality
control, regulatory compliance, customer
service, and employee engagement as well
as e-commerce and retail sales.

Wright’s extensive professional
experience is rooted in the auto industry
where he managed transportation
and logistics operations for leading
automakers — Hyundai, Kia, Mazda,
Toyota, and General Motors — and their
subsidiaries for more than 17 years.

strong brand of established technologies
will foster future growth while giving
Parkson the opportunity to serve existing
Schreiber customers through our robust
Aftermarket Parts and Services Group.
We look forward to welcoming our new
team members.”

Parkson Corp. (Fort Lauderdale,
Florida) has acquired the assets of
Schreiber LLC. (Trussville, Alabama),
which has operated since 1980, installing
nearly 700 wastewater resource recovery
facilities and thousands of units of
treatment equipment. Schreiber offers
individual wastewater components,
complete systems, and a wide range of
energy-efficient water and wastewater
treatment solutions from influent to
effluent. In a release, Parkson CEO
Michael Hill stated, “The addition of a

Brown and Caldwell (Walnut Creek,
California) has announced the promotion
of Marc Damikolas from director of
operations to chief operating officer.
With more than 20
years of experience,
Damikolas’ background
encompasses the
capture, planning,
design, and construction
of municipal and
private sector water
Marc
Damikolas
and wastewater

TAKE CONROL
OF EMISSIONS
Don’t let odor emissions become a
nuisance. Odor Emissions and Control for
Collection Systems and Water Resource
Recovery Facilities, MOP 25, Second Edition, reflects the latest operational and
design guidance to help you install an
effective and environmentally compliant
odor control program.

Order Your Copy Today

www.wef.org/shopwef
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infrastructure projects. As COO,
Damikolas will oversee ongoing
operations and procedures while
implementing business strategies and
plans to drive the 1,700 employee-owned
firm’s growth.

established in 1970, built its business on
serving industrial niche markets such as
food and beverage, metal, Flexo ink, and
fat and grease cleanup. It will continue
operating under the ALAR name and in
the same headquarters.

Pipe fusion machine manufacturer
McElroy Manufacturing (Tulsa,
Oklahoma) has announced Vikrant
Sanglikar’s addition to
the team as the Country
Head for its India office.
Sanglikar is overseeing
the market development
and business operations
in not only India but
surrounding countries
Vikrant
Sanglikar
including Sri Lanka and
Bangladesh. With more than 30 years
of experience in sales, marketing, and
manufacturing, Sanglikar is a welcome
addition to the team.
“Vik is a seasoned professional,
growing businesses from greenfields to
highly productive and profitable entities,”
said Peggy Tanner, McElroy Executive
Vice President for International Market
Development, in a release. “We are
excited about our future in India and
what McElroy India offers for increased
productivity and profitability in the
operation of fusible pipeline projects.”

Inframark LLC. (Katy, Texas) has
announced the complete acquisition of
Tampa, Florida-based Meritus Corp.
subsidiaries District Management Services

Business

and Community Association Management
Services. The two subsidiaries have
been providing community development
district and homeowner’s association
management services to clients throughout
Florida for more than a decade. In a
release, Chris Tarase, Vice President of
Inframark, said “this acquisition helps
us in our journey to become the ‘highest
quality’ and No. 1 provider of CDD and
HOA services in the Florida market.” 1

Bruce Whitaker was appointed to the
Orange County Water District Board of
Directors by the Fullerton (California)
City Council to represent the city’s
division. Whitaker previously served on
the board from 2012-2014 and from
2014-2017. Whitaker currently serves as
Fullerton’s mayor, and has held a variety
of other positions in state and local
government.
“It is great to welcome back Bruce
Whitaker to our board,” said President
Stephen R. Sheldon in a release. “Bruce’s
knowledge of water and his prior service
on the board will aid him well as we work
together to advance water reliability for
the region.”
Ovivo (Montreal) has acquired the Alar
family of corporations (Mokena, Illinois),
including Alar Engineering Corp., Alar
Chemical Sales Inc., and Alar Leasing Inc.
(together referred as “ALAR”). ALAR,
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PROJECTS
u SAK Construction LLC.
of San Antonio, Texas,
has begun work on the
San Antonio Water System’s
largest and most complex
sewer improvement project to
date: the W-6 Upper Segment
project. After completion, the
project will extend 8 km
(5.5 mi) along U.S. Highway
90. The project will replace
approximately 5,791 m
(19,000 ft) of current 137-cm
(54-in.) sanitary sewer main
with 686 m (2,250 ft) of
152.4-cm (60-in.) and 8,153 m
(26,750 ft) of 264-cm
(104-in.) diameter Hobas
gravity sanitary sewer
pipelines, using two full-faced
tunnel boring machines.

Workers install the W-6 Upper Segment project’s new pipeline. San Antonio Water System

INDUSCO Environmental Services
www.induscoenviro.com
Office: 251-621-2338

The most trusted name in Odor Control.

Proud partner to the Municipal Industry for odor control systems for 40 years
58
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Projects

Fight Odors While
Saving Money

u The Willingboro Municipal Utilities
Authority (WMUA; Willingboro,
New Jersey) announced its
modernization efforts with Schneider
Electric (Rueil-Malmaison, France) to
improve water and wastewater facilities
and community operations through the
addition of 13,000 Advanced Metering
Infrastructure water meters and a
combined heat and power plant. The
project will deliver more than $7 million in
savings over the next 20 years, according
to a release.
Details of the project include providing
real-time measurement readings for better
data analysis by meter readers, allowing
more efficient use of personnel and more
transparency and accuracy in billing,
and using cleaned methane gas produced
by the pollution control plant combined
with solar energy to supply the WMUA
microgrid. 1

Double the life of your carbon by
using our Revolutionary

ODORS ENTER

Suspended Carbon
Scrubber*

Innovation Matters

BIO-TRICKLING SERIES
FILTER MEDIA
EXIT ODORLESS

u Veolia Water Technologies Gulf
(Sarjah, United Arab Emirates) has
been contracted by Mohammed
Abdulmohsin Al-Kharafi & Sons
to supply and install 53 biofilm
reactor packaged sewage
treatment plants in Kuwait and the
surrounding Persian Gulf. The order is
the largest ever received by Veolia for
packaged plants, and it will allow for
40,000 m3 of water to be reused each day
in the water-scarce region.
The compact water treatment units
will be installed at various locations where
they will compensate a shortage in sewage
handling. One advantage of the smaller,
packaged units is that the network size is
reduced and units can be spread across the
city, lowering capital costs and improving
flexibility. Following treatment, the
effluents will be used for irrigation, saving
freshwater that would otherwise have
been desalinated at high cost.

AFRASAIR Media in the
City of Los Angeles
Air Treatment Facilities
HAS LASTED MORE
THAN 10 YEARS
WITH 99.99%
H2S REMOVAL
EFFICIENCY!

Odor and VOC Removal Technologies
Carbon Scrubbers
•
•
•
•

Bio-Trickling Filters
• Reduce Carbon Footprint
Filter Media
• Save on Capital Cost
Carbon Scrubbers
• Lower Maintenence
Matala Filter Media Provider

Design | Manufacturing | Installation | Start-up
www.afrasair.com | Newbury Park, CA
805-499-1144 | info@afrasinc.com
*Afrasair designs are protected with several patents.
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Products

PRODUCTS
Magnetic Flowmeters

Remote Monitoring System

Yokogawa USA (Sugar Land, Texas)
u www.yokogawa.com/us

HRS Heat Exchangers (Atlanta)
u www.hrs-heatexchangers.com

1

2

New ADMAG TI magnetic flowmeters are designed with dual-frequency excitation to
achieve stable measurement, zero stability, and quick response times. A wide range of
sizes are available, offering an easy setup wizard, advanced diagnostics, built-in verification,
microSD card, and a variety of liners and electrodes. Most models include worldwide
approvals and multiple communication protocols, while other models offer submersible,
hygienic, low-conductivity, EtherNet/IP, and 2-wire versions, supporting a wide range of
applications.
To help support
the water and
wastewater
industries, some
models include
NSF61 and are
available for
quick delivery
from Yokogawa
manufacturing
facilities in the U.S.

1

One feature increasingly specified on
HRS systems (such as pasteurizers,
sterilizers, fillers, and food processing
systems) is the fitment of remote
monitoring and telemetry systems.
These are normally based on an ethernet
connection, but where the necessary
infrastructure is not available, an integrated
data SIM can be used instead. This allows
clients to easily manage, operate, and
analyze equipment performance within
their own business. HRS engineering staff
can easily access the system remotely for
troubleshooting or to allow the installation
of software upgrades.

Online Total Organic
Carbon Analyzer
Shimadzu Scientific Instruments
(Columbia, Maryland)
u www.ssi.shimadzu.com

3
GET THE MOST
OUT OF YOUR
O&M SOFTWARE
EXPERIENCED TECHNICAL SUPPORT
PERSONALIZED TRAINING
PROGRAM SETUPS
CUSTOM REPORT BUILDING

ONE YEAR OF FREE TECHNICAL SUPPORT

The TOC-1000e online total
organic carbon analyzer provides
high sensitivity and low detection limits,
reaching 0.1 µg/L, making it ideal for
industries requiring high-purity water.
According to Shimadzu, the TOC1000e analyzer is the industry’s first to
use a mercury-free excimer lamp in the
smallest and lightest casing available. The
excimer lamps emit high-energy 172 nm
wavelength light by inducing a dielectric
barrier discharge within a xenon gas. The
instrument also features new Active-Path
technology for transferring energy from
the lamp to the sample. It irradiates the
sample inside the lamp with ultraviolet
light to oxidize organic matter.

3
ANTERO | OPERATOR10 | SYNEXUS

800-670-1867
ALLMAXSOFTWARE.COM
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Powered Air Purifying Respirator

Rapid Set Mounting System

Allegro (Piedmont, South Carolina)
u www.allegrosafety.com

Primex (Detroit Lakes, Minnesota)
u primex.com

4

5

The new Allegro EZ Air Flex Shield PAPR is a complete
particulate system intended for industrial applications such as
grinding, where combined respiratory, eye, and face protection are
required. This shield features a large viewing lens that maintains
respiratory protection in a variety of work environments. Weighing
less than 1.36 kg (3 lb), the system features a motorized, lithiumion battery operating system that supplies a constant supply of
fresh, filtered air over the user’s face. At an APF level of 25, it
creates optimal protective pressure inside the respirator head top
keeping away particulates (dust, steel, manganese, chromium,
lead, and others). The system includes a shield made of Dupont®
super tough, flame
retardant nylon that
withstands extreme
cold and heat. It
is large enough to
accommodate safety
glasses and features
an adjustable and
durable Pera-Lok
ratcheting head gear
with replaceable
sweat band.

4

Products

Primex has announced the upcoming release of its Rapid Set™
Mounting System. The lift station control package comes ready
to be installed, eliminating the need to custom-manufacture mounting
fixtures on site. It has a sloped top roof to serve as a sunshield and
protect the system
from weather. The
company said in
a release that the
product will reduce
on-site installation
time, minimize
footprint, and has a
standard 122 mi/h
wind rating with
optional upgrade to
200 mi/h. The product
comes with a 2-year
limited warranty. 1

5

Editor’s note: WE&T assumes no responsibility for claims made
in product descriptions. Interested companies should send press
releases and photos to prods@wef.org.

Manhole Odor Eliminator
Concentration (ppm)

100

After

50

0

Before

Removes H2S odor

Calling All Treatment Facilities!
WE&T is looking for a few good treatment facilities.
Facility Focus provides an up-close look at water
resource recovery facilities, collection systems, and
outstanding operations and maintenance personnel.
WE&T currently is seeking new entries, so here’s your
chance to brag about the technologies, processes, and
people that make your facility exceptional.
For more information or to request a questionnaire,
contact Steve Spicer, WE&T Editor in Chief,
at (703) 684-2463 or sspicer@wef.org.

Easy to install

Inventive Resources, Inc.

Phone (888) 285-6158
www.ManholeOdorEliminator.com
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MARKETPLACE
THE EASIEST WAY TO BUILD
PRECAST CONCRETE BUILDINGS FOR WATER & WASTE APPLICATIONS

VERSATILE • DURABLE • FAST • ECONOMICAL • SECURE

ONLINE QUOTE FORM

EASISETBUILDINGS.COM

www.wef.org/magazine

866.252.8210

Easi-Set Buildings WEF quad ad aug 2017.indd 1

6/29/2017 4:49:32 PM

Is Your Company
in the Next
Marketplace?

It Can be!
Contact Jenny Grigsby at
jgrigsby@wef.org

Custom & OEM Bags,
Belts, & Filter Panels

American Fabric Filter Co.

Phone: 800.367.3591
Replacement Filter Press Panels
Fax: 813.991.9700
www.americanfabricfilter.com
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QUICKLY

CONNECT
& DISCONNECT MOTORS

OFF
Button

Walker Process Equipment
Premium Equipment for Water Resource Facilities.

● Clarifiers
● Digester Covers, Digester Mixing,
Sludge Heating
● Rotating Biological Contactors (RBCs)
● Scum Separation and Concentration

SWITCH-RATED Plugs & Receptacles
Rated up to 200A, 75hp

4 Connector + Switch in 1 device
4 Maximizes Arc Flash Protection
4 Minimizes PPE Requirements

See our website for more products

Decades of Proven Quality and Durability

meltric.com
800.433.7642

walker-process.com

Data-Command SCADA
Connect. Interact. Engage.

wefbuyersguide.wef.org

Monitor, control and have secure access.
Data-Command SCADA offers an
alternative for the small to medium
sized plant. Data-Command can enhance
your dated system or replace your old
SCADA system with our web-based
solution where you can view your data,
create reports and receive alarms.

Visit data-command.com or call 330.294.4477
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Connecting People to Water
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Water plays a major role in all lives, fulfilling basic needs
this provides the opportunity to celebrate the services the
water sector provides. When challenges arise, it means being
keeping the public connected to the value of water is a top
priority.

Rendering Support
A public outreach approach increasingly gaining traction
among wastewater utilities is blending science with culture,
enlisting talented photographers, artists, and even musicians
to bring wastewater work into the public eye in innovative
ways. In recent years, at least three wastewater organizations

Indusco Environmental  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 58
www.induscoenviro.com

have hired “artists-in-residence” that inspire the public to
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www.invent-et.com

Dig It

Inventive Resources, Inc .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 61
www.manholeodoreliminator.com

because the projects often affect the daily routines of the very
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acceptance.
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help protect waterways and value wastewater services.

Public works projects need public support to be a success
people they will come to serve. In Greenville, South Carolina,
a tunnel project went to great lengths to gain community

Reuse Report
In February 2020, the U.S. Environmental Protection
Agency implemented the national Water Reuse Action Plan.
One year later, there are several successes to highlight.
Additionally, a new U.S. presidential administration and
Congress will change the federal policy outlook. And,
developing regional recycled water program led by the
Metropolitan Water District of Southern California that

Vaughan Company, Inc .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1
www.chopperpumps.com

could benefit three states.
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Also in this issue
about Supervisory Control and Data Acquisition
(SCADA).
■ Splash Shot. A 12-year-old in Colorado created a water
life cycle — using LEGO® bricks.
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