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Harmful algal
blooms (HABs) are
the rapid growth of
algae that can pro-
duce toxic or harm-
ful effects in people
and animals. Defin-
ing HAB exposure
and related illness
can be challeng-
ing. This month’s
cover article, “Evaluation of Electronic Health
Records to Monitor Illness From Harmful Algal
Bloom Exposure in the United States,” queried
the MarketScan Research Databases between
January 2009 and April 2019 for use of the
International Classification of Diseases (ICD)
codes for HAB exposure. The study found that
although the HAB-related ICD-9 and ICD-10
codes were used infrequently, they were most
often recorded during bloom seasons in warmer
months. This analysis is the first that utilizes

a large-scale national database of de-identified
health records to understand the use of medical
diagnostic codes related to algae exposure.
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» PRESIDENT’S MESSAGE

Sandra Long, REHS, RS

he National Environmental Health

I Association (NEHA) Board of Direc-

tors allocates time in the spring to

meet with senators and representatives on

Capitol Hill to educate, discuss, and present

information on environmental health issues.

The purpose is to garner support for environ-

mental health. This year, due to the pandemic

and other events, the NEHA board will be
having virtual meetings for this purpose.

The board enters these meetings well pre-
pared with talking points, specific items to be
addressed, and a designated amount of time to
share our message. Most of these meetings start
with explaining what environmental health
is. Many times, legislators think we are there
to talk about saving trees or polluted water. I
like to start with asking them if they had any
concerns about the water used in their morn-
ing coffee, or if they were concerned about
getting sick from the food they consumed if
they stopped somewhere for breakfast, or if
they had any concerns about mosquito-borne
illness. I follow this line of questions to illus-
trate that environmental health is at work to
ensure that the public is safe and do not have
to question these things. It makes legislators
realize the scope of environmental health. The
education we provide includes defining envi-
ronmental health and highlighting the various
programs, job titles, and roles we play in keep-
ing everyone safe on a daily basis.

As legislators are in session in our respec-
tive states, we need to diligently track bills
that could affect environmental health. From
a political perspective, legislators want to do
what is best for the population they repre-
sent, which could mean sources of income

6 Volume 83 ¢ Number 9

Advocating

for the Profession

It is our
responsibility as
environmental
health professionals
to provide our
expertise in
legislative matters.

for businesses or families. They might not be
aware of the impact on environmental health.
To assist you, NEHA has policy and position
statements that are accessible on the NEHA
website to support environmental health
positions on various topics (www.neha.org/
policy-position-statements). These state-
ments are routinely updated utilizing subject
matter experts and NEHA staff.

We need to remember that representatives
and senators work for us. With environmen-
tal health professions in the forefront for the
past year—putting pandemic protocols in
place, working with concurrent emergency
issues, and more recently assisting in coordi-
nating vaccine efforts, all while maintaining
daily operations—it is an optimum time for
us to remind legislators of our duties that we
perform on a daily basis. Inform them of the
importance of environmental health and how
it affects all aspects of daily life for every resi-

dent. We need to educate and make legisla-
tors aware of the issues they are or will be dis-
cussing. Do we want to save an economy but
make people sick in the process? Some look
at bills only from a financial perspective and
the economic impact it will have on a com-
munity, not seeing or being unaware of the
environmental health impacts that certain
legislation could bring. Cottage foods, raw
milk, and home restaurants are examples of
legislation that if passed without input from
environmental health, could result in regula-
tions (or a lack of regulation) that negatively
impact environmental and public health.

As practitioners of environmental health,
we need to not only take an interest in envi-
ronmental legislation but also be stewards
of the profession and voice our input on the
issues raised. Contact your representatives
with science-based information on the legis-
lation at hand. This outreach is an opportu-
nity to educate them on what environmental
health is and how the legislation they are
proposing impacts environmental and public
health. When approached with sound, sci-
ence-based information, presented in a clear
and logical manner, representatives are pro-
vided with information that is tracible and
credible. They are not being presented with
opinions that do not have merit; conversely,
they are being presented with fact-based
information to consider.

What many do not realize is that our
legislators are not experts in the areas in
which they champion legislation. They rely
on information provided by the person or
group who proposed the legislation. When
legislation is sent to various committees for



deliberation, committee members, many of
whom do not have expertise of the subject
matter presented in the legislation, hear the
information provided and weigh that infor-
mation against the possible outcomes. It is
important, therefore, for us as environmen-
tal health professionals to be aware of the
committees and their members so that we
can present information that is valuable to
the decision-making process. Always keep
in mind that we are the experts, we are the
personnel that have experience with envi-
ronmental health issues. In the end, once

legislation goes into effect, we are the “boots
on the ground” who are impacted by the
outcomes, either positively or negatively.
While many are not comfortable with con-
tacting legislators, a letter or email is simple
to write. Your message does not need to be
long but it should be supported with fact-
based information. Remember that every
voice counts and it is our responsibility as
environmental health professionals to pro-
vide our expertise in legislative matters.
NEHA Hill Day 2021 will take place on
April 22. On this day, NEHA board members

and staff leadership will speak to senators and
representatives of the 117th U.S. Congress on
environmental health issues in a virtual for-
mat. Our goal is to educate and inform these
legislators and to keep environmental health
in the forefront. We undertake this endeavor
because of our dedication to the profession. I
encourage you to do the same with your state
and local legislators. s

dméﬁm /%ﬁ//

President@neha.org
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ADVANCEMENT OF THE SCIENCE

Evaluation of Electronic

Bloom Exposure in the
United States

A b S t rac t Harmful algal blooms (HABs) are the rapid growth
of algae that can produce toxic or harmful effects in people and animals.
Potential health effects include respiratory illness, gastrointestinal illness,
skin and eye irritation, and sometimes more severe toxic effects such as
liver damage. Defining HAB exposure and related illness is challenging
for many reasons, including characterizing the exposure. Large electronic
health record databases present an opportunity to study health encounters
specifically related to HAB exposure through querying medical diagnostic
codes. We queried the MarketScan Research Databases between January
2009 and April 2019 for use of the International Classification of Diseases
(ICD) codes for HAB exposure. We found a total of 558 records that used
either the ICD-9 or ICD-10 code for HAB exposure. Respiratory illness
was most commonly reported along with the HAB exposure code. Use of
HAB exposure codes showed seasonal fluctuations during 2012-2019.
We found that although the HAB-related ICD-9 and ICD-10 codes were
used infrequently, they were most often recorded during bloom seasons in
warmer months. This analysis is the first that utilizes a large-scale national
database of de-identified health records to understand the use of medical

diagnostic codes related to algae exposure.

Introduction

Harmful algal blooms (HABs) are the rapid
growth of algae that can produce toxic
or harmful effects in people and animals
(National Oceanic and Atmospheric Admin-
istration, 2020). Short-term health effects
have been associated with HAB exposure
through skin contact, ingestion, or inhala-
tion of algal toxins. Health effects include
respiratory illness, gastrointestinal illness,
skin and eye irritation, and sometimes more

8 Volume 83 ¢ Number 9

severe toxic effects such as liver failure or
paralysis (Centers for Disease Control and
Prevention, 2020; Fleming et al., 2011;
National Institute of Environmental Health
Sciences, 2021). HABs are increasing in fre-
quency and duration within the U.S., pre-
senting an increased risk for adverse health
outcomes associated with exposure (Davis
& Gobler, 2016). Information about the
prevalence and long-term health effects of
HAB exposure is more limited.

Health Records to Monitor
lllness From Harmful Algal

Amy Lavery, MSPH, PhD

Lorraine Backer, PhD

Johnni Daniel, DHSc

National Center for Environmental Health,
Centers for Disease Control and Prevention

Defining HAB exposure and related illness
is difficult due to challenges with character-
izing and reporting HAB contact (Backer
et al., 2015; Bradley et al., 2013; Serrano et
al., 2015; Torbick et al., 2018). Electronic
health records (EHRs) present an opportu-
nity to study health encounters specifically
related to HAB exposure through use of
medical diagnostic codes. Figure 1 presents
the International Classification of Diseases
(ICD) codes available to classify HAB expo-
sures (ICD-9 and ICD-10) and toxic effects
of HABs (ICD-10 only) during a medical
encounter (hereafter referred to as HAB
exposure codes). Important to note for this
analysis, we excluded HAB exposure related
to seafood poisonings and concentrated on
environmental exposures to HABs.

Only one study has examined the utility
of HAB exposure diagnostic codes; however,
the analysis was limited to the state of New
York and to the use of ICD-9 codes (medical
facilities have been using ICD-10 codes since
2015) (Figgatt et al., 2016). It is unclear
how these diagnostic codes are used across
the U.S. and how the updated ICD-10 codes
might result in different or improved HAB-
related illness classification.

If medical diagnostic codes for HAB expo-
sure are used effectively, EHRs could pro-
vide a platform for enhanced surveillance of
HAB exposures and related illnesses, includ-
ing potential assessment of long-term health
effects. Additionally, assessing corresponding
procedure or laboratory codes used during the
medical encounter might provide insight into
health effects that have not been extensively
studied. The purpose of this study was to



FIGURE 1

ICD Codes for Harmful Algal Bloom Exposure

ICD-9 (Through September 2015)

( )
—  E928.6: Environmental exposure to harmful algae and toxins

G J

(" )
— V87.32: Contact with and (suspected) exposure to algae bloom

G J

ICD-10 (October 2015—Present)

( T65.82 (non-billable diagnosis): Toxic effect of harmful algae and algae B
—1 toxins, including T65.821 (A/D/S), T65.822 (A/D/S), T65.823 (A/D/S),
and T65.824 (A/D/S)
. J
e ™
.| Z77.121:Contact with and (suspected) exposure to harmful algae
and algae toxins
- J

ICD = International Classification of Diseases; A = initial encounter; D = subsequent encounter; S = sequela.

evaluate the use of ICD-9 and ICD-10 medical
diagnostic codes for HAB exposure across the
U.S. using a large, de-identified EHR database.

Methods

Description of Data Set and Study
Population

We used the IBM MarketScan Research Data-
bases (IBM Watson Health), which contain
de-identified healthcare claims data for indi-
viduals with commercial insurance and some
Medicaid beneficiaries. The Commercial
Claims and Encounters Database (hereafter
referred to as Commercial database) contains
data from currently employed persons and
their dependents, former covered employees
insured using the extended COBRA plans, and
early retirees who are not eligible for Medicare
(IBM Watson Health, 2017). The Medicaid
Database includes data from several state-
based Medicaid programs for individuals cov-
ered under the fee-for-service and managed
care plans (IBM Watson Health, 2017).

A convenience sample of claims records
across the U.S. was used to populate both
databases. Records include physician office
visits, hospital stays (inpatient and outpa-
tient), pharmacy orders (outpatient phar-
macy orders), and other healthcare services
such as mental health care. Available vari-
ables in the Commercial database include
age, sex, proximate events that occur on the
same day as the event of interest, region of
occurrence, cost of medical visit, and hos-
pitalization status including length of stay.
Available variables in the Medicaid database
include age, sex, race, proximate events that
occur on the same day as the event of inter-
est, cost of visit, and hospitalization status.

For this analysis, we selected the two
most recent data sets within MarketScan for
Commercial and Medicaid claims. The most
recent Commercial data set was available for
approximately 90 million people between
January 1, 2012, and April 30, 2019. The
most recent Medicaid data set was available
for approximately 23 million people between

January 1, 2009, and December 31, 2018.
This study was exempt from Centers for Dis-
ease Control and Prevention Institutional
Review Board approval because secondary
data were used and did not constitute human
subject research.

Cohort Creation

Data were accessed for this project through
the online MarketScan Treatment Pathways
portal. In the portal, a cohort of records was
created in both the Commercial and Medic-
aid databases using the ICD-9 and ICD-10
HAB exposure codes for categories and sub-
categories (Figure 1).

The created cohorts then consisted of any
patient who had an ICD code of interest
along with an “index date” for when the code
was assigned. The index date corresponds to
the first time that ICD code was used for that
person and was used to add that record into
the cohort. The two cohorts were then ana-
lyzed separately to compare results from the
two databases.

Analysis

Data were analyzed using the MarketScan
Treatment Pathways portal, Excel, and Stata
statistical software version 15. Basic demo-
graphic information was summarized by
frequency of occurrence and percentage of
the overall records within the cohort. The
total number of records in the two databases
(Commercial and Medicaid) was charted
by year and quarter to visualize changes in
occurrence over time and season. For the
Commercial database only, the number of
events occurring by U.S. Census Bureau
region was displayed and visualized using
ArcMap version 10.5.1. Additional health
events and procedures were evaluated and
described that occurred on the index date
that the HAB exposure code was used.

Results

A total of 558 records contained one of the
HAB exposure codes, including 380 records
in the Commercial database and 178 records
in the Medicaid database. Within the two
databases, 366 records were coded using the
ICD-9 classifications while 192 were coded
using the ICD-10 classifications. ICD-9 cod-
ing transferred to ICD-10 in October 2015
and ICD-10 was the only available coding
system starting in 2016.

May 2021 e Journal of Environmental Health 9



ADVANCEMENT OF THE SCIENCE

Table 1 shows the demographic makeup of '
the records within the two cohorts. The major- TABLE 1
ity of records were for individuals between the
ages of 18-44 (33%) and 45-64 (44%) in the Demographic Characteristics of MarketScan Data Cohorts With
Commercial cohort and under the age of 18 in Harmful Algal Bloom Exposure (ICD) Codes
the Medicaid cohort (62%). Although the cost
of a medical visit was somewhat low (median Characteristic Commercial Claims? Medicaid Claims?
was $122 for the Commercial cohort and $61 January 1, 2012-April 30, 2019 January 1, 2009-December 31,
for the Medicaid cohort), some visits cost sev- 2018
eral thousands of dollars for a hospital stay Count Frequency Count Frequency
lasting for >1 week. Within both cohorts, 144 (N = 380) (%) L= ) (%)
people had a hospital inpatient or emergency Age
department visit on the same day in which 0-17 63 16.6 111 62.3
the HAB exposure code was used. Due to the 18-44 125 329 45 5.3
nature of the database, it is unclear if the hos- 4564 167 139 2 124
pital stays were directly associated with the
>65 25 6.6 - -
HAB exposure code.
Figure 2 shows the number of records Sex
with an HAB exposure code in both cohorts Female 204 53.7 94 52.8
by quarter and year, starting in 2012 when Male 176 46.3 84 472
both data sets were available. Overall, 2014 Race
and 2018 were the years with the most use Black ~ ~ 23 242
of HAB exposure codes. As expected, more —
HAB exposure code records occurred dur- Hispanic - - - -
ing the spring and summer months (April- White - - 100 56.2
September), which comprise quarters 2 and Other - - - b
3 in Figure 2. The earlier years using ICD-9 Region
codes lacked pronounced peaks during quar- East North Central 54 149 _ _
ters 2 and 3 during 2012 and 2013, whereas
the ICD-10 codes I%ad more defined seasonal EéSt South C(.entral 30 9 - -
peaks for the years with complete quarterly Middle Atlantic 53 139 - -
reports. In 2018, a large peak was present Mountain 21 59 - -
in quarters 3 and 4 corresponding with a New England 25 6.6 - -
large-scale red tide event in August-Novem- Pacific 34 8.9 - -
ber 2018. HAB exposure code use was more South Atlantic 115 30.3 _ _
rominent in the South Atlantic region, fol-
{)owed by the East North Central and Middle West North Cenra - - - -
Atlantic regions (Figure 3). West South Central 38 10.0 - -
Table 2 displays the top 5 diagnostic codes Urban/rural
that were used for people on the same day Urban 326 85.8 - -
that an HAB exposure code was used. Respi- Rural 49 12.9 - -
ratory events such as cough and shortness of Inpatient or emergency 66 174 78 438
breath were most often used (16.3%). Codes visits
documenting an allergy were used for 38 Median Interquartile Median Interquartile
people (6.8%). The top 100 diagnostic codes Range Range
used at the same time as an HAB diagnosis Cost of medical visit $12234 | $75.69-$200.82 $61.16 $8.99-$105.09
code were grouped into common disor- (U.S. dollars)
ders associated with HAB exposure. These Length of hospital stay 4 3-7 _ _
groupings included respiratory events (e.g., (days)®
asthma, shortness of breath); neurological _ o ]
N . ICD = International Classification of Diseases.
gvents (e.g., headache, 'dlzzmess), g'a'stro— The Commercial claims database did not have data on race; the Medicaid claims database did not have data on region or
intestinal events (e.g., diarrhea, vomiting); urban/rural residence.
and skin and eye irritation events (e.g., con- ®Data suppressed due to small sample size.
junctivitis, rash). When combining cohorts, °Length of stay for any visits resulting in hospitalization. Only one person in the Medicaid database was hospitalized (4 days total).
approximately 207 individuals (37.1%) had
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FIGURE 2

Count of Harmful Algal Bloom ICD Codes by Year From January 1,
2012-April 30, 2019, MarketScan Data
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FIGURE 3

Count of Harmful Algal Bloom ICD Codes by Region From January 1,
2012-April 30, 2019, MarketScan Data
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respiratory events recorded on the same
day an HAB code was used for them. Fewer
records listed neurological events such as
headaches and dizziness (n = 66, 11.8%); eye
or skin irritation (n = 61, 10.9%); or gastroin-
testinal events (n = 32, 5.7%).

Several procedures were listed for the same
days as the HAB exposure code visit. Many of
the procedures documented were for overall
medical evaluations. Several blood draw tests
were ordered as part of these medical work-
ups as well. For 29 individuals (5.2%) in the
cohort, an inhalation treatment was ordered
to assist with acute airway obstruction or dif-
ficulty breathing.

Discussion
MarketScan data provided an initial platform
to investigate the use of HAB exposure diag-
nostic codes across the U.S. While this data-
base is limited mostly to individuals insured
with commercial or employer-based plans,
the database provided >90 million Commer-
cial claims records and >20 million Medicaid
claim records to review. The main finding
from this analysis is that ICD codes for HAB
exposure are used infrequently. The data set,
however, provided an opportunity to exam-
ine whether the ICD-10 codes were used
more often or in a more specific way to docu-
ment HAB exposure than the ICD-9 codes.
Although a relatively small number of
records were available in this data set, Fig-
ure 2 shows that the use of HAB exposure
codes corresponds mostly to the time of
year that HAB events occurred, namely dur-
ing the warmer months when conditions are
conducive to algal growth. Interestingly, we
observed a difference in age categories when
comparing records in the Commercial data-
base and the Medicaid database. A majority
of the records in the Medicaid database with
HAB exposure codes were for children and
teenagers under the age of 18 (62%) com-
pared with more records between the ages
of 18-64 in the Commercial database. It is
unclear why we saw this difference between
the two databases. As of 2019, approxi-
mately 71 million people in the U.S. were
covered under Medicaid, a large percentage
of whom are children (50%) (Mikulic, 2020).
Although the Commercial database contains
some dependents within it, it is possible that
not as many children are covered within this
database compared with the Medicaid data-
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base, although we could not validate this
assumption in our analysis.

Summarizing the other diagnostic codes that
were used at the same time as an HAB exposure
code helped to identify common health com-
plaints related to these exposures. As expected,
the most common ICD codes reported at the
same time as an HAB exposure code were
those for respiratory events and were most
likely associated with the presence of Karenia
brevis red tides in the Gulf of Mexico (Backer
etal., 2005; Fleming et al., 2011; Kirkpatrick et
al., 20006). A large peak in HAB exposure code
use occurred during a particularly intense red
tide event in the Gulf of Mexico in August-
November 2018. Examination of the data by
region corroborated this assumption, as the
South Atlantic region contained approximately
30% of the total records. These results cor-
respond to a study of emergency department
admissions in 2002 in Florida that found a
significant increase in the rate of admissions
for respiratory disease during a red tide event
compared with a time when there was no red
tide (Kirkpatrick et al., 2006).

Interestingly, the next highest count of
respiratory events (coded on the same visit
as an individual's HAB exposure code) was in
the East North Central region that comprises
many Great Lakes states. Other blooms, such
as cyanobacterial harmful algal blooms (cya-
noHABs), could be the source of respiratory
irritants in this region (Backer et al., 2015,
2010; Stewart et al., 2006). Studies on rec-
reational water users have shown that toxins
from cyanoHABs are detectable in the air and
measurable in personal air samplers, and that
these toxins could be directly responsible
for respiratory irritation (Backer et al., 2008,
2010). Respiratory irritation, however, is also
associated with gases and vapors (e.g., hydro-
gen sulfide, methane) released as blooms die
off, and these chemicals could be responsi-
ble for the reported respiratory effects from
cyanoHABs. Studies are underway to better
understand the health effects from aerosol-
ized cyanoHABs.

Few gastrointestinal (GI) events were
recorded during the time an HAB exposure
code was used. Past reports of GI events
and outbreaks, however, have been asso-
ciated with HAB exposure (Backer et al.,
2008; McCarty et al., 2016). In a prospec-
tive study of acute health effects, Lévesque
et al. (2014) found that only GI symptoms
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| TABLE 2

Top 5 ICD-9 and ICD-10 Health Diagnostic Codes Associated With
a Harmful Algal Bloom Exposure Visit
Event Name # of Frequency
Individuals (%)
ICD-9
786.2: Cough 42 75
995.3: Allergy, unspecified 38 6.8
780.79: Other malaise and fatigue 16 29
784.0: Headache 12 2.2
V70.0: Routine general medical examination at a healthcare facility 12 2.2
ICD-10
R05: Cough 37 6.6
R0602: Shortness of breath 12 2.2
110: Essential (primary) hypertension 11 2.0
J029: Acute pharyngitis, unspecified 11 2.0
J069: Acute upper respiratory infection, unspecified 11 2.0
ICD = International Classification of Diseases.

were associated with recreational exposure to
cyanoHABs. The study also found that higher
cell counts of cyanobacteria were associated
with an increase in the relative risk for GI
symptoms. In 2014, a large microcystin HAB
bloom occurred on Lake Erie, contaminating
municipal drinking water and causing a do-
not-drink advisory for over 400,000 people.
A community assessment during this event
found that the contamination was associated
with a variety of health symptoms primarily
related to GI distress such as nausea, vomit-
ing, abdominal pain, and diarrhea (McCarty
et al., 2016). Although the MarketScan data
reported few GI events in the East North Cen-
tral and Middle Atlantic regions that include
Lake Erie and surrounding states, during
2014, most of the HAB-exposure codes (41%)
were recorded within these regions.

These results likely represent only a sub-
set of people who have symptoms or illnesses
caused by HAB exposure because the data
are a subsample from EHRs across the U.S.
In addition, it is possible that only those
with more severe symptoms are likely to visit
a medical provider for treatment. During
the 2014 microcystin water contamination
in Ohio, most people who reported health
symptoms during the do-not-drink water

advisory (89%) indicated that their health
issues were not serious enough to seek medi-
cal attention (McCarty et al., 2016). People
also might not report HAB exposure to their
healthcare provider or know to mention it
during their medical visit.

While the findings from this data set are
enlightening, limitations within the data set
made us unable to verify that we had cor-
rectly classified people with HAB exposure
codes. First, an exploration of the proximate
events that occurred on the same day as the
HAB exposure codes showed several condi-
tions that would be unrelated to HAB expo-
sure such as “diabetes mellitus without men-
tion of complication,” “tobacco use disorder,”
or “routine gynecological examination.” It is
likely these codes were used to describe the
patient’s status overall; however, it is unclear
whether these codes were related to the symp-
toms presented at the medical visit. Several
people also had a diagnostic code for fever,
which, while unexpected based on what we
know about HAB toxin exposure, should be
explored further.

Second, several codes were used to describe
injuries or lacerations, which could be unre-
lated to an actual HAB exposure. In addition,
other codes sometimes were used that cor-



responded to potentially different exposures
or indicated that the person might have been
exposed to multiple substances: “Contact with
and exposure to other hazardous aromatic
compounds” or “contact with and exposure to
other potentially hazardous chemicals.” While
these other exposure codes might be related to
an HAB exposure event, it is unclear if these
codes were indicative of the HAB exposure
itself or another substance in the environment
at the same time as the HAB event condition.
Finally, because we were able to search only
through records with ICD codes, we might
have missed patients whose exposure to an
HAB was documented elsewhere in the record.

Despite these limitations, exploring large
scale EHR systems—and in particular those
such as MarketScan that have primary care
medical visits documented along with hospi-
tal visits—can help researchers estimate the
occurrence of HAB-related illness across the
U.S. Defining HAB exposure and related ill-
ness can be challenging because of misdiag-
noses, failure of the patient fully disclosing
exposures they might have had leading up

to the health events (either because they fail
to see the importance of the connection or
fail to remember), or lack of general knowl-
edge about HAB-related illness or use of HAB
exposure codes by healthcare professionals.
As the symptoms associated with HABs
are common among other illnesses and dis-
orders, it is important to have exposure diag-
nostic code classifications to differentiate
HAB-related illness from other exposures.
Our findings can inform future medical
education on the importance of using spe-
cific ICD codes for HAB exposures. Patients
should also be encouraged to tell their phy-
sicians about their environmental exposures,
specifically when HABs are present. Once
there is increased knowledge by healthcare
professionals regarding environmental expo-
sures such as HABs, EHR databases will be
much more useful for tracking environmen-
tal exposures and associated health effects.

Conclusion
In this initial evaluation of the MarketScan
databases, we found that although HAB

exposure codes were used infrequently, they
were most often recorded during bloom
seasons in warmer months. The most com-
mon health outcomes associated with these
codes were respiratory symptoms. These
findings suggest that EHR databases, though
far from perfect, can be useful in examining
trends in HAB-related illness reports in the
U.S. o
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QuUIZ #6

Evaluation of Electronic Health Records to Monitor lliness From Harmful
Algal Bloom Exposure in the United States

vailable to those with an active National
Environmental Health Association

=> Quiz effective date: May 1, 2021 | Quiz deadline: August 1, 2021

(NEHA) membership, the JEH Quiz is offered

six times per calendar year and is an easily 1. Short-term health effects have been 7. Within both cohorts, __ people had

accessible way to earn continuing education associated with harmful alggl bloom a hospital inpatient or emergency

(CE) contact hours toward maintaining a (HAB)_ exposure to algal toxins through department visit on the same day in

NEHA credential. Each quiz is worth 1.0 CE. a. skin contact, which the HAB exposure code was used.

b. ingestion. a. 122

Completing quizzes is now based on the c. inhalation. b. 144

honor system and should be self-reported d. all the above. c. 178

by the credential holder. Quizzes published e. none of the above. d. 192

only during your current credential cycle are 2. Health effects include respiratory illness, 8. Overall, __ were the years with the most

eligible for CE credit. Please keep a copy of gastrpintestinal iIIne;s, skin and eye use of HAB exposure codes.

each completed quiz for your records. CE irritation, and sometimes more severe a. 2012 and 2015

credit will post to your account within three toxic effects such as liver failure or b. 2013 and 2016

business days. paralysis. c. 2014 and 2018

a. True. d. 2015 and 2017

Paper or electronic quiz submissions will b. False. 9. More HAB exposure code records

no longer be collected by NEHA staff. 3. The purpose of this study was to evaluate occurred during the fall and winter
the use of International Classification of months (October—March).

INSTRUCTIONS TO SELF-REPORT Diseases (ICD) medical diagnostic Co_des a. True.

A JEH QUIZ FOR CE CREDIT for HAB EXpOsure across the'U.S. using b. False.

a large, de-identified electronic health . )

1. Read the featured article and select records database. 10. When combining cohorts, approximately
the correct answer to each JEH Quiz a. True. — ofindividuals had respiratory events
question. b. False. recorded on the same day an HAB

. ; . code was used for them.

2. Log in to your MyNEHA account at 4. For this analysis, the authors selected a 5.7%
https://neha.users.membersuite.com/ the two most recent data sets within b. 10.9%
home. MarketScan for Commercial and c. 11.8%

. ) Medicaid claims. The most recent a1

3. Click on Credentials located at the top Commercial data set was available for d. 37.1%
of the page. approximately __ million people and 11. Of the records in the Medicaid data-

4. Select Report CEs from the drop-down the most recent Medicaid data set base with HAB exposure codes, __
menul. was available for approximately __ were for children and teenagers under

5. Enter the date you finished the quiz in the r:illigg %%ople. tahe:;g; o

. i ; . o
Date Atter'1ded field. | b. 23. 60 b 52%

6. Enter 1.0 in the Length of Course in c. 90; 23 c. 62%
Hours field. d. 90; 60 d. 72%

7. Inthe Description field, enter the activity as | 5 A total of __records contained one of 12. During the 2014 microcystin water
“JEH Quiz #, Month Year” (e.g., JEH Quiz 6, the HAB exposure codes. contamination in Ohio, __ of people who
May 2021). a. 122 reported health symptoms during the

8. Click the Create button. b. 178 do-not-drink water advisory indicated

c. 380 that their health issues were not serious
d. 558 enough to seek medical attention.
. 6. Within the two databases, __ records a. 50%
JEH Quiz #4 Answers were coded using the ICD-9 b. 69%
January/February 2021 classifications while __ were coded C. 75%
using the ICD-10 classifications. d. 89%
lLd 4d T.c 10. ¢ o 19'78; 550
2.b 5.¢ 8.a 11.b b. 192; 366
3.a 6.c 9.d 12.a c. 366; 192
d. 366; 558
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» INTERNATIONAL PERSPECTIVES/SPECIAL REPORT

Health Risks Associated With
the Use of Water Mist Systems
as a Cooling Intervention in Public
Places in Australia

Edmore Masaka, MPH
Sue Reed, MSc, MEngSc,

A b St a Ct The exposure of people to opportunistic premise
plumbing pathogens (OPPPs) such as Legionella, Mycobacterium, and
Pseudomonas in aerosolized water has been linked to opportunistic
infections. Water mist systems (WMS) that are used to cool public places
by flash evaporation of tiny water aerosols are gaining prominence
in regions with hot climates in Australia. The potential of WMS to be
colonized by OPPPs has not been adequately studied. The public health
impact of OPPPs is significant, as Legionella accounted for 66% of
waterborne disease outbreaks associated with drinking water systems in
the U.S. in 2013-2014. Legionella infections caused by the inhalation of
contaminated water aerosols in Europe increased from 1,161/year in 1994
to 4,546/year in 2004. As WMS are part of premise plumbing, they have
structural characteristics that promote biofilm formation, growth of free-
living amebae, inadequate disinfection levels, elevated water temperatures,
and oligotrophic conditions—all of which promote OPPP inhabitancy.
This special report highlights the potential public health risks of using

WMS as a cooling intervention in public places and advocates for their

regulation in places of public assembly and entertainment.

Introduction

Water mist systems (WMS) are defined as
plumbing mechanisms installed in outdoor
public places to reduce ambient tempera-
tures. Small nozzles fitted to WMS atomize
water into tiny aerosols that flash evaporate
in the ambient atmosphere, reducing sur-
rounding temperatures by as much as 10
°C. These WMS are more energy efficient
than conventional air conditioning systems
(Wong & Chong, 2010). Premise plumbing
promotes the colonization and regrowth of

16 Volume 83 ¢ Number 9

opportunistic premise plumbing pathogens
(OPPPs), including Legionella pneumophila,
Mycobacterium avium, Pseudomonas aeru-
ginosa, Acanthamoeba, and Naegleria fowl-
eri (Falkinham, 2015; Whiley et al., 2014).
These OPPPs cause opportunistic infections
in children, older adults, and people with
compromised immunity (Falkinham, Hil-
born, et al., 2015).

Most of the research on WMS has been
experimental, focusing on design capabilities
and the operational efficiency of the systems
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(Wong & Chong, 2010; Xuan et al., 2012).
Research on premise plumbing installations
such as showers, water taps, and faucets,
however, has confirmed the presence of L.
pneumophila, M. avium, P. aeruginosa, Acan-
thamoeba, and N. fowleri (Falkinham, Hil-
born, et al., 2015; Whiley et al., 2014). This
special report examines and describes the
OPPP risks associated with WMS systems in
the Pilbara region of Western Australia. This
region experiences extreme temperatures
and has a higher use of WMS. We highlight
the five major OPPPs implicated in water-
borne diseases: L. pneumophila, M. avium, P
aeruginosa, Acanthamoeba, and N. fowleri.

Most WMS are located outdoors where
they are exposed to elevated temperatures.
Operation of WMS in these environmental
conditions increases the water temperatures
to levels at which OPPPs such as L. pneu-
mophila thrive (Lu et al., 2017). The densi-
ties of Legionella and Mycobacterium species
can increase with elevated water tempera-
tures of 2540 °C in showers and water taps
(Luetal., 2017). WMS located outdoors that
are exposed to elevated temperatures can be
a risk for OPPPs.

The WMS used for cooling public places
are made from materials such as polyvinyl
chloride (PVC), polyethylene, nylon, or steel.
The use of these plumbing materials can pro-
mote the regrowth of OPPPs (Wang, Masters,
etal., 2012). These plumbing materials leach
nutrients that promote biofilm formation on
the internal surfaces of pipework and fittings
(Rogers et al., 1994).

Water stagnation causes disinfectant decay
in water systems, resulting in the regrowth of



OPPPs (Wang et al., 2013). When WMS are
shut down during winter, there is potential
for growth of OPPPs that can subsequently
be aerosolized if the units are turned back
on in summer without proper treatment. A
whole life cycle treatment plan must include
the winter shutdown period and incorporate
controls to prevent generation of contami-
nated aerosols.

Opportunistic Premise Plumbing
Pathogens

The use of WMS is an emerging public health
concern (Falkinham, Pruden, & Edwards,
2015; Wang et al., 2013) because they rep-
resent a potential source of exposure to so-
called “opportunistic pathogens” that can
affect the health and well-being of exposed
individuals, especially among those with
predisposing risk factors (e.g., children,
older adults, and people with compromised
immunity) (Falkinham, Pruden, & Edwards,
2015). Key OPPPs associated with prem-
ise plumbing are L. pneumophila, M. avium,
P aeruginosa, Acanthamoeba, and N. fowleri
(Bédard et al., 2016; Falkinham, Pruden, &
Edwards, 2015).

Legionella pneumophila

L. pneumophila has been associated with sev-
eral outbreaks of waterborne legionellosis in
premise plumbing (Bennett et al., 2014; Cohn
et al., 2015). The bacteria colonize cooling
towers, warm water baths, water fountains,
and showers. If disturbed, the bacterial can
aerosolize and result in respiratory disease
and even death of exposed persons (Kim et al.,
2015). L. pneumophila can grow inside amebae
(Liu et al., 2019), making it resistant to chlo-
rine disinfection (Dupuy et al., 2011); it has
also been isolated from household plumbing
(Barna et al., 2016; Byrne et al., 2018).

Mycobacterium avium

M. avium belongs to a group of nontuber-
culous Mycobacteria (NTM) called Myco-
bacterium avium complex (MAC). This
complex includes M. avium and M. intracel-
lulare, which are found in aquatic environ-
ments and soil, and transmitted via inhala-
tion, ingestion, or inoculation (Rijhumal &
Chai, 2015). MAC causes various infections
depending on the subspecies, route of infec-
tion, and the immune health of the exposed
person (Whiley et al., 2012). In people who

previously had no symptoms, MAC causes
pulmonary and soft tissue infections in
healthy individuals (Falkinham, 2016). M.
avium can cause cervical lymphadenitis in
young women (Reuss et al., 2017) and pul-
monary diseases in people with HIV/AIDS
(Falkinham, Hilborn, et al., 2015).

M. avium has been isolated from prem-
ise plumbing and potable water systems
(Water Research Australia, 2014; Whiley et
al., 2012), hospital plumbing (Baird et al.,
2011), and household plumbing (Falkinham
et al., 2008). This ability of the bacterium
to grow at temperatures >45 °C, paired with
its chlorine resistance, enables it to thrive in
water distribution systems (Falkinham et al.,
2008). M. avium can colonize showerheads
(Feazel et al., 2009), water taps, and water
heaters (Wang, Edwards, et al., 2012), and
subsequently be transmitted by the inhala-
tion of contaminated aerosols (Falkinham,
2013). Like L. pneumomphila, M. avium can
resist disinfection in premise plumbing by
inhabiting amebae (Steed & Falkinham,
2006). WMS in public places mimic show-
ers in terms of elevated temperatures (Fea-
zel et al., 2009; Lu et al., 2017), plumbing
materials, and potential for aerosol formation
(Steed & Falkinham, 2006), making them a
health risk for exposure to M. avium.

Pseudomonas aeruginosa

P aeruginosa is a versatile OPPP that can
adapt and survive tough environmental
conditions (Bédard et al., 2016). This bacte-
rium favors moist environments and has low
nutritional requirements because of its abil-
ity to metabolize different compounds (Yu et
al., 2016). These properties enable P aerugi-
nosa to form biofilms with other microorgan-
isms present in premise plumbing systems,
which confer resistance to disinfectants such
as chlorine dioxide and monochloramines
(Masdk et al., 2014).

Transmission of P aeruginosa occurs through
exposure to contaminated water by inhalation
and immersion and can cause self-limiting ear
and skin infections (Rossolini & Mantengoli,
2005); it can also cause aggressive pneumo-
nia in immunocompromised persons such as
those with cystic fibrosis (Falkinham, 2015).
P aeruginosa has been isolated from hospital
water taps (Shareef & Mimi, 2008), as well
as from showerheads and hydrotherapy pools
(Caskey et al., 2018). The ubiquitous nature

of this bacterium in the environment, its har-
diness, and potential for biofilm-produced
chlorine resistance (Zichichi et al., 2000)
make P, aeruginosa a particular concern in rela-
tion to WMS with their generation of aerosols
and popularity in licensed clubs frequented by
older adults and potentially immunocompro-
mised individuals.

Acanthamoeba

Acanthamoeba is a protozoan that lives in
varied environments, such as environmental
and drinking water systems (Michel et al,,
1998), tap and well water (Marciano-Cabral
et al., 2010), hospital waters (Muchesa et
al., 2015), aquatic facilities (Chang et al.,
2010), and recycled water (Storey & Kauc-
ner, 2009). Acanthamoeba is the causative
agent of granulomatous amebic encephali-
tis (GAE), a central nervous system disease
that affects people with weakened immunity.
The species Acanthamoeba keratitis can also
cause infection of the corneal epithelium
(Pruden et al., 2013). The microorganism
can grow in domestic tap water (Codony et
al., 2012) and has been isolated from hospi-
tal water supplies (Muchesa et al., 2015). A
significant characteristic of this OPPP is its
ability to engulf and shield other OPPPs such
as L. pneumophila, P aeruginosa, and M. avium
from disinfection (Zbikowska et al., 2014),
which makes it an essential target for WMS
infection control strategies.

Naegleria fowleri

N. fowleri, the only pathogenic species of its
genus, causes fatal primary amebic meningo-
encephalitis (PAM). This infectious disease
is transmitted by aspiration of contaminated
water aerosols up the nasal passage (Yoder
et al., 2012). This ameba can live in premise
plumbing, rainwater tanks, and any system
where warm water is present (Waso et al.,
2018). The warm operational temperatures
of WMS, coupled with their generation of
inhalable water aerosols, make them a pos-
sible source of this rare but fatal infection.

Public Health Impact

The public health risk of OPPPs and their
associated infectious diseases are significant.
WMS create thermal comfort by atomizing
water into aerosols. The aerosols range from
0.3-10 pm and can be deposited into the
lungs by inhalation, where they can cause
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infections (Henningson & Ahlberg, 1994).
The OPPPs range from 2-20 pm for L. pneu-
mophila (Fuchslin et al., 2010), 0.2-0.6 pm
for M. avium (Vijay et al., 2017), 0.5-1.0 pm
for P aeruginosa (Deforet et al., 2015), 12-35
nm for Acanthamoeba (Siddiqui & Khan,
2012), and 15-20 pm for N. fowleri (Pifiero
etal., 2019). Most of these OPPPs fall within
the size fraction that are inhalable by people;
or, they can land on skin and surfaces, creat-
ing another potential exposure route. They
can also be ingested and cause skin irritation.

Legionella alone is responsible for 2-15%
of patients hospitalized globally with com-
munity-acquired pneumonia  (Sakamoto,
2015). In the U.S., 32 cases of waterborne
disease outbreaks were reported between
2011 and 2012, with 66% of the outbreaks
being associated with L. pneumophila (Beer et
al., 2015). The incidence rate for waterborne
M. avium disease over the same period was
047 cases/100,000 persons (Beer et al., 2015).

In Australia, an average of 374 cases of
legionellosis were reported annually between
2008 and 2018 (Australian Government
Department of Health, 2021), with an inci-
dence rate of 1.50/100,000 persons in 2015,
dropping to 1.2/100,000 in 2019. The com-
bined mandatory reporting of L. pneumophila
and L. longbeachae infections as legionellosis
cases in Australia does not provide specific
information about the incidence of infec-
tions caused by different Legionella species.
This lack of specificity obscures any trends
associated with exposure routes, considering
that one is soilborne (L. longbeachae) and the
other is waterborne (L. pneumophila).

A total of 143 cases of PAM were reported
across the US. between 1962 and 2017
(Centers for Disease Control and Preven-
tion, 2020). In Australia, 19 water-related
PAM cases were recorded between 1960 and
1980. The case rate for microbial keratosis,
a disease caused by Acanthamoeba, was 0.66
cases/10,000 between 2005 and 2015 (Waso et
al., 2018). Opportunistic infections caused by
M. avium and P, aeruginosa could be underesti-
mated because they are not notifiable diseases
in most countries (Falkinham, Hilborn, et al.,
2015). NTM, however, are notifiable diseases
in the Australian states of Queensland and the
Northern Territory; PAM is a notifiable disease
in Western Australia (Australian Government
Department of Health, 2021). A total of 19
PAM cases were reported in Australia during
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1965-1980 (Waso et al., 2018) and another
4 cases were reported in Queensland during
2006-2015 (Nicholls et al., 2016).

Factors That Promote
Opportunistic Premise Plumbing
Pathogen Colonization

Biofilm Formation

The potential of biofilm formation is a signifi-
cant risk factor for the incidence of respira-
tory/infectious disease outbreaks associated
with WMS. Biofilms are complex heteroge-
neous colonies consisting of bacteria, fung,
protists, and other microbial organisms that
grow as native communities in water systems
(Wingender & Flemming, 2011). Biofilms
in premise plumbing systems provide con-
ducive and nutritive conditions for OPPP
growth, increase the potential for OPPP
colonization, and inhibit disinfectants used
to clean systems (Ashbolt, 2015; Falkinham,
2015; Momba et al., 2000; Pruden et al.,
2013; Wang et al., 2013).

In drinking water systems, 95% of the
microbiological population resides in bio-
films compared with approximately 5% in
the water phase (Flemming et al., 2002). The
OPPPs residing in biofilms of water systems,
however, can be released into the water phase
where they can cause waterborne diseases
(Flemming, 2011). Biofilm formation can
occur as a result of extreme environmental
conditions of temperature, pH, and pressure
(Momba et al., 2000). Maintenance programs
aimed at minimizing potential for their gen-
eration are essential. Sampling and analysis
of biofilm samples from WMS used for cool-
ing are recommended to provide an insight
into their potential as sources of OPPPs.

Temperature

Elevated water temperatures in distribu-
tion systems promote the growth of OPPPs
(Falkinham, 2015; Storey et al., 2004).
The ability of microorganisms to survive
at elevated water temperatures is an essen-
tial adaptation feature that enables L. pneu-
mophila, M. avium, and P. aeruginosa to thrive
in water systems (Falkinham, Pruden, &
Edwards, 2015). The WMS used for cool-
ing public places are exposed to high tem-
peratures that can promote the regrowth of
OPPPs (Storey & Kaucner, 2009). It is neces-
sary to determine the water temperature pro-

file of WMS to understand its influence on
OPPP regrowth.

Presence of Free-Living Ameba

The presence of ameba in premise plumbing
can aid the regrowth of OPPPs (Wang, 2013;
Wang et al., 2013). The ability of free-living
ameba to amplify the number and virulence of
OPPPs in engineered water systems is widely
acknowledged (Falkinham, 2015; Thomas &
Ashbolt, 2011). WMS used in public places
need to be investigated for free-living ame-
bae, particularly Acanthamoeba, due to their
virulence in water distribution systems and
their role in the regrowth and amplification
of OPPPs (Codony et al., 2012).

Resistance to Chlorine Disinfection
Chlorine is an effective water disinfectant
and remains one of the most important public
health interventions (Boorman, 1999; Gov-
ernment of Western Australia Department
of Health, 2016). At the right pH (6.5-8.5),
temperature (20-29 °C), and turbidity, chlo-
rine provides an adequate residual disinfec-
tant effect (Australian Government National
Health and Medical Research Council, 2011).
Under specific environmental conditions,
however, OPPPs can become resistant to
chlorine and its derivatives, especially when
part of a biofilm colony (Canals et al., 2015;
Codony et al., 2012).

Most WMS are connected to water treated
at conventional water treatment plants; how-
ever, WMS located in remote parts of the
region can use on-site borehole water sup-
plies that are locally managed. Chlorination
is the most common means of disinfection
for Australian water supplies, with a mini-
mum target of 0.5 mg/L residual chlorine
recommended (Australian Governnment
National Health and Medical Research Coun-
cil, 2011). As chlorination is the main form
of disinfection for water supplies connected
to WMS, an investigation of its effectiveness
in controlling the regrowth of OPPPs in these
systems is warranted.

Low Total Organic Carbon
Concentration Levels

OPPPs can thrive in premise plumbing
systems with low carbon concentrations
(Falkinham, Pruden, & Edwards, 2015).
Low-carbon or oligotrophic environments
are characteristic of most premise plumbing



(Wang et al.,, 2013). The nitrifying bacte-
rial autotrophs present in low-carbon waters
fix available carbon, making it available to
heterotrophic organisms such as OPPPs to
metabolize (Wang et al., 2013; Zhang &
Edwards, 2009). Through this process, low-
carbon water environments existing in WMS
can select for L. pneumophila (van der Kooij
et al., 2005), P aeruginosa (Bédard et al.,
2016), and M. avium (Falkinham, Pruden,
& Edwards, 2015). To better understand the
impact of oligotrophic conditions on the abil-
ity of OPPPs to colonize and regrow in WMS,
analysis of water samples from these systems
for total organic carbon concentration levels
is needed.

Other Control Methods for
Opportunistic Premise Plumbing
Pathogens

The resistance to disinfection presents sig-
nificant challenges in using traditional
approaches to control OPPPs (Falkinham,
Pruden, & Edwards, 2015); therefore, alter-
native control approaches for OPPPs in
premise plumbing are needed. Control of
OPPPs in water can be achieved by reducing

turbidity (Falkinham, 2015). Additionally,
regular cleaning and disinfecting of nozzles
can be an effective way of controlling OPPPs
(American National Standards Institute,
2018; Health and Safety Executive, 2014).
The installation of microbiological filters to
WMS can control OPPPs (National Research
Council, 2006). Like most bacteria, L. pneu-
mophila and P aeruginosa are susceptible to
UV irradiation and thus can be controlled in
premise plumbing by this method (Falkin-
ham, 2015; Leoni et al., 2015), but it has
been noted that high turbidity inhibits dis-
infection. The introduction of nonpatho-
genic protozoa species that target OPPPs
can achieve a probiotic control of OPPPs in
WMS (Wang et al., 2013). The addition of
silver ions at a concentration of 40 pg/L has
a bactericidal effect on L. pneumophila and
many other microorganisms in plumbing
systems without affecting humans, making
silver ions suitable for controlling OPPPs in
WMS (Fewtrell, 2014).

Conclusion
The use WMS as a cooling intervention in
public places should be considered a poten-

tial public health risk due to the potential for
poorly managed systems to release inhalable
aerosols contaminated with microbes. These
aerosols could contain pathogenic organisms,
referred to as OPPPs, such as L. pneumophila,
M. avium, P aeruginosa, Acanthamoeba, and
N. fowleri. In addition to inhalation, the aero-
solization of contaminated water in WMS can
result in microbial deposition on skin, food,
and other surfaces, resulting in a localized
reaction (e.g., to skin or eyes) or ingestion.
An investigation of the health risks associ-
ated with the use of WMS as a cooling inter-
vention is warranted to better understand the
public health impact and inform strategies to
manage WMS. %
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» SPECIAL REPORT

Use of an Environmental Swabbing
Strategy to Support a Suspected
Norovirus Outbreak Investigation
at a Retail Food Establishment

A b St a Ct The public health burden related to norovirus is
well described as the leading cause of foodborne outbreaks in the U.S.
Norovirus investigations present challenges due to low infectious dose,
multiple transmission routes, and the rapid onset and resolution of
symptoms. Environmental sampling for norovirus can provide valuable
data during public health investigations and lead to targeted education and
interventions. In some instances, environmental data could be accessible
when other data sources are limited or difficult to collect. We describe
use of an environmental sampling strategy during a foodborne outbreak
investigation to support the hypothesis for transmission from an ill food

worker to restaurant patrons.

Introduction

Norovirus is a significant public health bur-
den and a leading cause of foodborne illness
in the U.S., accounting for approximately
60% of food-related illnesses (Scallan et al.,
2011). In the U.S,, it is estimated that noro-
virus causes 570-800 deaths, 56,000-71,000
hospitalizations, and 19-21 million total ill-
nesses per year (Hall et al., 2013). The bur-
den of norovirus is difficult to estimate due
to the absence of national case reporting,
limited commercial clinical assays in the
U.S., and the fact that only a small percent-
age of individuals seek medical attention
and have testing performed (Yen & Hall,
2013). These challenges in sporadic disease
surveillance underscore the importance of
norovirus investigations and characteriza-
tion during outbreaks. Outbreaks can best be
investigated and characterized by integrat-
ing the disciplines of environmental health,
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laboratory, and epidemiology using a variety
of tools, including environmental sampling.

Even when norovirus outbreaks are thor-
oughly investigated, investigations some-
times are inadequate to determine etiology
and mode of transmission. Challenges can
include unwillingness of exposed persons to
be interviewed, reluctance of symptomatic
people to provide a stool sample, too small of
a sample size for statistical analyses, and poor
food history recall. Environmental sampling
for norovirus is an approach that can aid in
determining transmission routes and inform-
ing short- and long-term control measures
during outbreaks.

We report on a December 2016 norovirus
outbreak investigation during which envi-
ronmental sampling was an important source
of data for action because of limitations in
the collection of epidemiological and clinical
laboratory data.
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Nashville/Davidson County
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Leslie A. Waller, MPH
Metro Public Health Department
Nashville/Davidson County

Jason R. Pepper, MLS(AMT)
John Dunn, DVM, PhD
Tennessee Department of Health

Methods

The Tennessee Department of Health con-
ducts active complaint-based outbreak
surveillance. Outbreak investigation methods
were implemented jointly by the Metro Pub-
lic Health Department of Nashville/Davidson
County and the Tennessee Department of
Health. Investigational methods included an
online questionnaire, collection of clinical
specimens, environmental assessment, and
environmental swabbing.

An online questionnaire was developed to
collect food histories; clinical specimens were
collected from ill patrons. Tennessee Depart-
ment of Health Public Health Laboratory
protocols were followed for environmental
sample collection including communica-
tion, sample transportation, chain of custody,
and sample handling guidelines. The sam-
pling strategy and materials for environmen-
tal swabbing were based on investigational
findings, interviews, environmental assess-
ment, and a priori risk-based sampling that
included high-touch surfaces and restrooms
(Huslage et al., 2010; Park et al., 2015; Wadl
etal., 2010; Wu et al., 2005). A preassembled
outbreak sampling kit was deployed contain-
ing 50 EnviroMax Plus 6-in. sterile round
macrofoam swabs, 4 large sealable freezer
bags, a chain of custody form, disposable
gloves, permanent markers for numbering
swabs, a clipboard, head covers, and an insu-
lated cooler with ice for sample transport.

For targeted flat surfaces, vertical, hori-
zontal, and diagonal S-strokes were made
that captured an estimated 25-100 cm?” of
surface area. When shifting from the vertical



stroke to the horizontal stroke, the swab was
rotated to the opposite side and then kept
on that side for the diagonal stroke. Irregu-
lar surfaces were swabbed with a back-and-
forth swiping motion using both sides of the
swab. Sample vials were recorded per chain
of custody protocol and delivered within 1
hr of collection. Surfaces targeted for sample
collection were based on employee and cus-
tomer interviews, observations during the
environmental assessment, and previous nor-
ovirus studies (Huslage et al., 2010; Park et
al., 2015; Wadl et al., 2010; Wu et al., 2005).

Briefly, DNA was extracted from the swabs
and a norovirus multiplex (TagMan) reverse
transcription, real-time polymerase chain
reaction (RT-qPCR) assay was performed.
DNA extraction was performed by adding
1.0 ml of molecular grade water to each swab
container, which was then vortexed for 7-8 s
with the swab attached. After being vortexed,
150 ul of each swab sample was used to per-
form an automated extraction using the Roche
Pure LC 2.0 Total Nucleic Acid Kit on a Roche
MagNA Pure LC 2.0 instrument. A total of 5
ul of extract was used to perform RT-PCR to
detect norovirus (genotype GI or GII).

Results

The Metro Public Health Department of
Nashville/Davidson County responded to
a complaint of several individuals who
reported gastroenteritis following a meal at
a restaurant. This cluster was comprised of
individuals from a group attending a private
dinner party. Onset of illness and symptoms
were consistent with exposure to norovirus
at the dinner party (Hall & Lopman, 2014).
The implicated establishment was a full-
service restaurant consisting of two separate
buildings: one larger building with a main
kitchen, dining area, and public restrooms
and one smaller building with a private din-
ing area, restrooms, and auxiliary kitchen.
Foods served to the private party were pre-
pared in both the main and smaller build-
ings. Restaurant employees were not limited
to a single building, however, members of
the private party did not have access to the
larger building or its restrooms.

A total of 10 cases were identified in people
who had reported gastrointestinal illness from
the private dining party on December 16,
2016; of these cases, 8 were male (80%) and
2 were female (20%). The median reported

incubation period was 24 hr and median ill-
ness duration was 28 hr. No single food item
was found to be statistically significant in the
cohort analysis.

Stool samples collected from four ill indi-
viduals tested positive for norovirus GII.2.
Environmental sampling locations included
the auxiliary kitchen, private dining area, and
restrooms. Emphasis for sampling was placed
on high-touch surfaces (63%, n = 15) and
restrooms (63%, n = 15). Of the 24 swabs, 2
(8%) were positive for norovirus GIL.2. The
positive samples were recovered from a toilet
located in the unisex restroom in the main
building. All samples recovered from the rest-
room used exclusively by the private dining
party were negative.

A detailed environmental assessment was
conducted on December 20, 2016. During
the assessment, a food worker was identified
as being ill at work on the implicated meal
date of December 16, 2016. The employee
reported having diarrhea in the unisex rest-
room located in the main building. The envi-
ronmental assessment further ascertained
that the ill employee’s duties included work-
ing with food served to the individuals in the
private party. An unsuccessful attempt was
made to collect a stool sample from the ill
food handler.

Discussion

Foodborne outbreak investigations are com-
plex and result when more than one thing
goes wrong (Bryan, 1978). Comprehensive
investigation is dependent on a collabora-
tive approach that includes environmental,
epidemiological, and laboratory data. While
laboratory data can assist in confirmation of
the etiology, implicate temporal transmission
events, and suggest control measures, speci-
mens and samples can be difficult to obtain.
This difficulty is particularly true for norovi-
rus due to the characteristic quick recovery
of ill individuals. There are numerous exam-
ples of very large norovirus outbreaks with
few or no clinical specimens collected. Fur-
thermore, due to time gaps between exposure
and outbreak identification, implicated foods
might not be available to collect and test.
Food is difficult to test for norovirus, with
few validated methods available (with the
exception being shellfish). During this out-
break investigation, we found environmental
swabbing to be strongly supportive in impli-

cating the ill food handler hypothesis. This
approach helped to overcome limitations in
the epidemiological approach.

The environmental sampling techniques
and materials used were based on methods
for environmental isolation of norovirus
described by Park et al. (2015). The envi-
ronmental sampling protocol for norovirus
used during this investigation was devel-
oped in collaboration with the state public
health laboratory. Discussions and protocols
regarding sampling supplies, methodology,
and communications had been agreed upon
prior to the outbreak investigation. During
the investigation, communications with the
laboratory regarding current capacity assisted
in sample size selection and priority areas
for sampling. We used 24 swabs, selecting
areas and surfaces based on epidemiologi-
cal and environmental assessment data. We
focused on areas where the ill food worker
reportedly was present, with a special focus
on restrooms and food preparation areas used
by this employee. Other sampling locations
included the restrooms and high-touch sur-
faces of both buildings.

Our investigation successfully confirmed
the outbreak etiology through collection
of stool specimens from ill customers. The
mode of exposure and suspect vehicles of
transmission, however, were difficult to
determine definitively using routine epide-
miology methods. Active case finding among
patrons outside of the private dining party
presented challenges and was unsuccessful.

Due to the small sample size in the cohort
analysis, epidemiological results were incon-
clusive. During this investigation, the posi-
tive environmental samples collected from
the toilet used by the ill employee who had
diarrhea matched the genotype of norovirus
found in stool specimens among cases from
the dining party. All samples taken from the
restroom located in the private dining build-
ing were negative. The environmental sam-
pling result supported our hypothesis that
the ill worker, who we were unable to col-
lect a stool specimen from, was the source of
exposure to the dining party.

Opportunities for improvement on how to
properly implement a policy for ill worker
reporting and exclusion were also identified
during the environmental assessment. While
an ill worker reporting policy existed within
the firm, employees were not well trained
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and/or were not following the written policy.
No additional contributing factors to the out-
break were identified.

Limitations

A number of limitations were apparent in this
investigation. The specific strain of norovirus
recovered from both stool cultures and envi-
ronmental samples was common. The Centers
for Disease Control and Prevention’s CaliciNet
reporting and surveillance data indicate that
approximately 20% of the norovirus outbreaks
from September 1, 2016, to August 31, 2017,
were genotype GIL2 (Centers for Disease
Control and Prevention, 2017). It is possible
that norovirus GIL.2 isolated from the toilet
was not from the ill employee.

Another limitation was that environmental
sampling occurred 4 days after the exposure
event, meaning that restaurant employees
had performed multiple routine sanitizing
and disinfecting procedures before samples
were taken. Sanitizing systems in the restau-
rant were found in compliance during the
environmental assessment, so other areas of
contamination might not have been detect-
able despite sampling.

Lastly, we collected only 24 swabs cover-
ing a small fraction of the total surface area
potentially contaminated by the ill food
handler. Although we used a priori knowl-
edge and targeted sampling to previously
identify high-risk, high-touch areas, an ele-
ment of chance exists in hunting for norovi-
rus in the environment.

Conclusion

This investigation highlights the benefit of
environmental swabbing and testing for nor-
ovirus during an outbreak, which we found
to be an important adjunct source of data in
this outbreak—especially with limitations
in the ability to collect robust epidemiologi-
cal data. Environmental sampling identified
additional areas where employees might have
been at risk for norovirus transmission and
potentially limited further spread with rec-
ommendations for targeted effective control
and sanitization.

As a result of the environmental sample
findings, we made specific recommenda-
tions to management including adherence
to ill worker policies, response strategies to
mitigate outbreaks, and targeted disinfec-

tion methods. Development of additional
illness reporting policies and employee
training within the restaurant were required
as a result of the investigation and environ-
mental sampling. Public health jurisdictions
should consider using environmental sam-
pling during selected outbreaks to support
their investigation and implementation of
control measures. @
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Students, Prospective and
Novice Environmental Health
Professionals: You Must Attend
This Virtual Conference!

Editor’s Note: In an effort to provide environmental health profes-
sionals with relevant information and tools to further the profession, their
careers, and themselves, the National Environmental Health Association
has teamed up with the American Academy of Sanitarians (AAS) to publish
two columns a year in the Journal. AAS is an organization that “elevates the
standards, improves the practice, advances the professional proficiency, and
promotes the highest levels of ethical conduct among professional sanitarians
in every field of environmental health.” Membership with AAS is based upon
meeting certain high standards and criteria, and AAS members represent a
prestigious list of environmental health professionals from across the country.

Through the column, information from different AAS members who are
subject-matter expects with knowledge and experience in a multitude of
environmental health topics will be presented to the Journal’s readership.
This column strengthens the ties between both associations in the shared
purposes of furthering and enhancing the environmental health profession.

Brian Collins is the chair of AAS, a past president of NEHA, former
director of environmental health, and a registered environmental health

specialist for over 30 years.

anitarians and environmental health
S professionals are expected to compe-

tently and scientifically anticipate, rec-
ognize, evaluate, prevent, and mitigate risks
that pose threats to humans and the environ-
ment. As a student or a prospective or novice
environmental health professional, it is impor-
tant to learn and be aware of trends in popu-
lation health, the environment, business, and
technology related to the practice. Overarch-
ing these trends, and especially in the era of
social distancing and COVID-19, it is critical
to connect or reconnect with the practice of
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environmental health and the people within
the profession. The most efficient method by
which professionals can optimize time, op-
portunity, learning, expense, and return on in-
vestment in achieving competence is through
attendance at professional conferences.

The advent of virtual conferencing cre-
ates an efficient method for students, pro-
spective professionals, novice professionals,
and tenured professionals to optimize time,
opportunity, learning, expense, and return
on investment in achieving competencies.
The American Academy of Sanitarians (AAS)

Brian Collins, MS, REHS, DAAS

endorses the National Environmental Health

Association (NEHA) 2021 Annual Educa-

tional Conference (AEC) & Exhibition Three-

Part Virtual Series as an ideal opportunity to

learn, network, enhance professional compe-

tencies and create vertical career opportunity.

Virtual professional conferences offer:

e Education: Receive training, coaching,
and mentoring from experts and industry
professionals that are current and relevant.
Professional continuing education units
are a bonus!

o Relevance: Hear about new ideas, meth-
ods, and technologies. Ask questions, seek
feedback, share, contribute, and grow.

¢ Inspiration: Learn and interact with celeb-
rity environmental health profession-
als, experts, mentors, coaches, vendors,
and cohorts. Enthusiasm and passion are
contagious!

o Motivation: Learn what others have done,
or in some cases not done, that led to suc-
cess or enabled them to avoid pitfalls.
Meeting with high achievers makes one
realize you have the same potential. It can
be transformational!

e Exhibition: Exhibitors introduce new tech-
nologies, products, software applications,
and educational materials.

o $$$$: Conference attendees are more likely
than nonattendees to advance their careers
and make more money. Enough said!

The NEHA 2021 AEC Virtual Series will be
held in three parts and is bound by the theme,
“Together a Safer and Healthier Tomor-
row.” Dates for the conference series are April
20-21, June 1-2, and July 14-15. Diplomates
of AAS will participate in various live sessions
with question and answer opportunities and



interactive polls; networking (individually
and in forums), breakout sessions, and in the
virtual exhibition. AAS is also working with
NEHA to provide student sessions, coaching
and mentoring opportunities, career advise-
ment to novice environmental health pro-
fessionals, and serve as ambassadors at the
NEHA 2021 AEC Virtual Series. And finally,
AAS will concurrently hold its second virtual
Annual Business Meeting and General Mem-
bership Meeting on July 13.

Empirically, it used to be that people who
have more knowledge command and acquire
the most success and influence. AAS Dip-

lomates have learned that people with the
greatest ability to connect knowledge and
people acquire and command the most suc-
cess and influence. By extension, this virtual
conference provides students, prospective
professionals, and novice professionals an
interactive, cost-efficient nexus for learning,
networking, competency, success, and influ-
ence. Opportunity is presented that can build
a path to being one of those who can connect
knowledge with people to enhance the prac-
tice and profession of environmental health.
Please visit www.neha.org/aec for NEHA
2021 AEC Virtual Series general information,

dates, registration information, session top-
ics, and the schedule of events. Consider the
return on investment extended with the great
conference rates (the student registration fee
for all sessions is just $95).

Final thoughts: You must attend this vir-
tual conference! Success comes with not only
who you know but also who knows you! @

Corresponding Author: Brian Collins, Chair,
American Academy of Sanitarians; Past Presi-
dent, National Environmental Health Asso-
ciation. Email: brianc83@verizon.net.
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2021 Model Aquatic Health Code
(4th Edition)

Editor’s Note: The National Environmental Health Association
(NEHA) strives to provide up-to-date and relevant information on
environmental health and to build partnerships in the profession. In
pursuit of these goals, NEHA features this column on environmental
health services from the Centers for Disease Control and Prevention
(CDCQ) in every issue of the Journal.

In these columns, authors from CDC’s Water, Food, and Environmental
Health Services Branch, as well as guest authors, will share insights and
information about environmental health programs, trends, issues, and
resources. The conclusions in these columns are those of the author(s) and
do not necessarily represent the official position of CDC.

Michele Hlavsa is chief of the Healthy Swimming Program in CDC’s
National Center for Emerging and Zoonotic Infectious Diseases (NCEZID).
CDR Joseph Laco serves as an environmental health officer at CDC’s National
Center for Environmental Health. Vincent Hill is chief of the Waterborne
Disease Prevention Branch in CDC’s NCEZID. Pieter Sheehan serves as board
president of the Council for the Model Aquatic Health Code and is the director
of environmental health at Fairfax County Health Department in Virginia.

he Centers for Disease Control and
I Prevention (CDC) will be releasing
the 4th edition of the Model Aquatic
Health Code (MAHC, www.cdc.gov/mahc) in
the coming months. The MAHC represents a
collaboration among local, state, and federal
public health officials, particularly environ-
mental health practitioners, and representa-
tives of the aquatics sector to optimize pre-
vention of illness and injury associated with
public aquatic venues (e.g., pools, hot tubs,
and water playgrounds).

Thank you to those who submitted change
requests (i.e., proposed MAHC revisions),
and particularly to the Council for the Model
Aquatic Health Code (CMAHC, www.cmahc.
org) committees that submitted change
requests reflecting committee consensus.
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Thank you to Dewey Case, CMAHC tech-
nical director, for the late nights and week-
ends spent supporting the CMAHC Techni-
cal Review Committee (TRC). And above
all, thank you to Amanda Tarrier, principal
sanitarian in the New York State Department
of Health, for her leadership. As TRC chair,
she led the committee in its evaluation of an
unprecedented 530 change requests during
the COVID-19 pandemic.

The following sections highlight substan-
tial topics addressed by the change requests.

Cyanuric Acid

Cyanuric acid (CYA) binds to chlorine to
prevent it from being degraded by UV light
from the sun. Consequently, CYA increases
the amount of time it takes for chlorine

Michele C. Hlavsa, MPH, RN

CDR Joseph P. Laco, MSEH, REHS/RS
Vincent R. Hill, PhD

Centers for Disease

Control and Prevention

Pieter A. Sheehan, REHS
Council for the Model
Aquatic Health Code

to inactivate pathogens. CYA is sold as a
stand-alone product or as chlorinated iso-
cyanurates (chlorine and CYA, commonly
known as dichlor or trichlor). In 2015,
CMAHC established a CYA ad hoc com-
mittee that included representatives from
across the CYA industry and researchers but
did not include state or local public health
officials. CMAHC charged the committee to
develop guidance on CYA concentrations.

The committee reanalyzed data in scien-
tific, peer-reviewed articles that examined
the effect of CYA on pathogen inactiva-
tion. The committee developed mathemati-
cal models that accounted for the rate of
pathogen introduction into aquatic venue
water, disinfection, transport, and pathogen
uptake by swimmers to predict the associ-
ated risk of acute infectious gastrointestinal
illness. Mathematical models are mathemati-
cal equations that aim to distill the relation-
ship among factors within a system to predict
an outcome. Potential factors include estab-
lished science (e.g., concentration of chlorine
needed to inactivate pathogens over time at
set water pH and temperature), current prac-
tices (e.g., closing aquatic venues to swim-
mers at night), and real-world variability
(e.g., the efficiency at which different filters
remove pathogens).

Based on the original models, the com-
mittee recommended a maximum ratio of 20
ppm CYA:1 ppm DPD (N,N-diethyl-p-phen-
ylenediamine) free available chlorine (Falk
et al, 2019). This ratio was chosen based on
the U.S. Environmental Protection Agency
(2012) 36/1,000 annual risk of Giardia infec-
tion limit for untreated recreational waters
(e.g., in lakes). The proposed definition of
DPD free available chlorine includes cyan-
urate-bound available chlorine and hypo-
chlorous acid and hypochlorite ions.
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Denial: Our Biggest
Environmental Health Threat?

Editor’s Note: The National Environmental Health Association
(NEHA) strives to provide up-to-date and relevant information on
environmental health and to build partnerships in the profession. In pursuit
of these goals, we feature this column from ecoAmerica whose mission is to
build public support and political resolve for climate solutions. NEHA is
an official partner of ecoAmerica and works closely with their Climate for
Health Program, a coalition of health leaders committed to caring for our
climate to care for our health. The conclusions in this column are those of
the author(s) and do not necessarily represent the official position of NEHA.

Rebecca Rehr is the director of ecoAmerica’s Climate for Health Program

and Robert Perkowitz is the founder and president of ecoAmerica.

e all recognize air and water pol-
lution, certain ingredients in food
or consumer products, vector-

borne diseases, and many other issues as envi-
ronmental health threats. People in the U.S. are
also waking up to the fact that climate change
and all its implications could be our biggest en-
vironmental health challenge. There’s one im-
portant thing missing, though, from this list:
the psychological condition of denial.

Denial, an extreme form of disagreement,
is in fact an environmental health concern.
Many of the subjects dominating our head-
lines over the last year—climate change,
COVID-19, vaccines, election integrity—are
great examples. People are given conflicting
information or disinformation on various
topics. They make their decisions on the
basis of social identification and whatever
they believe, and there probably exists a
news source or discussion board that vali-
dates people’s perspective. Science and facts
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typically ground one side of the dichoto-
mies. The other might be grounded in disin-
formation, fear and emotion, or conflicting
priorities and self-interest. If we are going
to help our organizations and communities
effectively manage environmental health
threats, we need to be able to help them
manage denial.

Understanding Denial

Humans are social beings. We live as part of
and in cooperation with our communities.
People are not born with biases—our views
are shaped through life experiences and rein-
forced by our social groupings and communi-
ties. Then, once a perspective is absorbed and
internalized, it is very difficult to change our
mind especially if it goes against the grain of
our social milieu (Kolbert, 2017). Noncon-
formity with community views could limit
your career or acceptance in the community,
as well as even result in ostracization.

We all got our news from the same few
television stations and the same local news-
papers just a few decades ago. Congress
passed the Fairness Doctrine annually from
1949-1987 that required broadcasters to
identify and express opinion separately from
factual news. The advent of cable TV and the
internet exploded news options. Instead of
appealing to people in the U.S. more broadly,
commercial media success often became
grounded in targeting niches and reinforc-
ing extremes. Indeed, the internet and social
media have grown so quickly that they have
outpaced the way our minds use reason to
understand and digest facts and scenarios
(Kolbert, 2017). Selecting one’s own versions
of the truth that might not be based in sci-
ence and facts puts all of us at risk.

In this atmosphere it is easier to sow doubt
than to prove something definitively. Science
and facts evolve as we learn new information.
Wearing masks to stop the spread of COVID-
19 is a good example. Initially, we were not
aware of the high number of asymptom-
atic carriers. Now we know that 40-45% of
infected people can spread the virus without
showing symptoms (Oran & Topol, 2020).
We know wearing a mask slows the spread.
Environmental health professionals need to
stay current with science and ground them-
selves in facts to be effective in their work.

Some say we are in a postfact, posttruth
era, but we are still surrounded by objec-
tive truth and reality. Wildfires, storms, and
votes are real and impact our lives in pro-
found ways. If the scientific explanation of
these events conflicts with your interests
or worldview, it is easier for most to find
and seek solace in other validators than it
is to change our mind. As with COVID-19,



inconsistent messaging and amplification
of falsehoods from people in power fed
distrust and denial rather than united the
country to defeat the virus.

Dealing With Denial

How can environmental health professionals
deal with denial and support healthy prac-
tices when some, maybe many, of their stake-
holders chose to believe concepts counter to
public health? There is not necessarily a sil-
ver bullet to address these issues but rather
an arsenal of communications resources and
guidance to help.

e Ground yourself in science and facts.

1. Research the topic and internalize the
facts.

2. Practice talking about it.

3. Craft solutions and next steps.

¢ Understand and adjust to the context.

1. Are you amidst other professionals seek-
ing the best path forward for your orga-
nization or community? Openly share
and seek best knowledge and practices.
Make it real with simple, irrefutable facts
(Krygsman & Speiser, 2016a, 2016b).

2.Are you in a gathering where denial
might be present? Focus on impacts,
solutions, and benefits more than causes.
Be respectful, acknowledge ambivalence,
and show empathy (Krygsman & Speiser,
20164a). Cite examples everyone can agree
on and sources that everyone can trust.

3.1Is it an email, opinion piece, or letter to
the editor that merits a response? Use
the same strategy as group gatherings
but keep it brief and do not get into a
debate. No need to refute or challenge,
just make your points.

You can inspire and empower people to
take action by focusing on things that every-
one can see around them and the actual
environmental health impacts, as well as pro-
viding solutions that are accessible now and
showing the benefits of those solutions to
your organization and community.

Combating Climate Denial to
Improve Environmental Health
Climate science that emerged in the 1950s pro-
jected a warming future and ice sheets in the
Arctic melting. It was all tomorrow’s problem,
but the decades of inaction since then have
made climate change a very real present-day
emergency. Vehement climate science denial is
fading as people look out their windows to see
extreme weather, fires, and associated health
outcomes. Climate solutions, however, still
face opposition in communities and with deci-
sion makers because of powerful forces that
still sow seeds of doubt, division, and misin-
formation. A clear majority people in the U.S.
(74%) report being concerned about climate
change, including almost one half (45%) who
are very concerned (Kobayashi, 2020). Some
still deny, however, the threats climate change
poses to their health and livelihoods.

Environmental health professionals can be
major change agents in moving doubters from
denial to climate solvers. People in the U.S.
trust health professionals for information on
climate change, but only 1 in 5 report hearing
about climate change from health profession-
als (Kobayashi, 2019). We must help people
understand they are not alone in their concern
about climate change. We must also unite in
our demand for climate solutions that can be
implemented now (Hill, 2020).

The National Environmental Health Associ-
ation (2020) is leading the charge with a new
position statement on climate change and as a
charter signatory of the MomentUs campaign
(ecoAmerica, 2021). The cost of inaction has
proven to be too high and with the economy
still reeling from COVID-19 impacts, we have
the opportunity to rebuild with a greener and
more equitable framework that unites us. 2%

Corresponding Author: Rebecca C. Rehr,
Director, Climate for Health, ecoAmerica,
1730 Rhode Island Avenue NW, Suite 200,
Washington, DC 20036.

Email: rebecca@ecoamerica.org.
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Delivering Science to Front Lines of
a Disaster: How U.S. Environmental

Gregory Sayles, PhD

Editor’s Note: The National Environmental Health Association
(NEHA) strives to provide up-to-date and relevant information on
environmental health and to build partnerships in the profession. In
pursuit of these goals, NEHA has partnered with the Office of Research and
Development (ORD) within the U.S. Environmental Protection Agency (U.S.
EPA) to publish two columns a year in the Journal. ORD is the scientific
research arm of U.S. EPA. ORD conducts the research for U.S. EPA that

provides the foundation for credible decision making to safegnard human

health and ecosystems from environmental pollutants.

In these columns, authors from ORD will share insights and information
about the research being conducted on pressing environmental health
issues. The conclusions in these columns are those of the author(s) and do
not necessarily represent the official position of U.S. EPA.

Dr. Gregory Sayles is the director of the Center for Environmental

Solutions and Emergency Response within ORD.

ach year, communities across the
E U.S. experience emergencies such as

oil spills, accidental and intentional
releases of hazardous substances, natural di-
sasters including floods and wildland fires,
and homeland security incidents. Almost any
emergency has an environmental component
to be considered, each with unanticipated
challenges that impact the health of commu-
nities. Wit