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This month’s 
cover article, 
“Gambling With 
Your Health: Bac-
terial Contami-
nation on Casino 
Gaming Chips,” 
explores the risk 
of exposure to in-
fectious diseases, 
especially bacte-

rial diseases, that are found on casino gam-
ing chips. Never used and in-use chips were 
tested for bacterial and fungal contamina-
tion and the overall results were statistically 
significant for the presence of pathogenic 
contamination. The results show that chips 
can be carriers of organisms that can cause 
illness and highlights the need to create 
effective disease-prevention strategies for the 
safe handling and use of chips in casinos.
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Vince Radke, MPH, RS, 
CP-FS, DLAAS, CPH

Can You Hear Me?

 PRESIDENT’S MESSAGE

B ack in the early 1980s, I was director 
of environmental health for the city 
of Stamford, Connecticut, and had a 

staff of eight sanitarians and a secretary. We 
did the typical work of an environmental 
health staff. We performed inspections of res-
taurants (all paper based with carbon copies), 
septic systems, private drinking water wells, 
solid waste, complaints, and foodborne and 
waterborne illness outbreaks. We also had 
programs for outdoor air monitoring, recre-
ational water (beaches and swimming pools), 
and recreational shellfi shing.

At that time, the U.S. Environmental Pro-
tection Agency (U.S. EPA) put out a request 
for proposals for grant money to local public 
health departments for noise reduction proj-
ects. We submitted our proposal and it was 
approved. Our noise reduction project had 
several components. Our environmental 
health staff worked with community leaders, 
faith-based groups, businesses, and schools 
to draft an ordinance for the mayor and city 
council to consider. After discussion, debate, 
and some amendments, the ordinance was 
approved. The ordinance established noise 
levels that were based on the science, medi-
cine, and technology of the time for both 
stationary and mobile (e.g., trucks and cars) 
sources of noise. Our environmental health 
section handled the stationary sources of 
noise. The local police department handled 
the mobile sources of noise. We did not han-
dle workplace noise issues. As part of the U.S. 
EPA grant, the health and police departments 
received noise meters, training, and consul-
tation from subject matter experts from U.S. 

EPA. Part of the training included the nega-
tive health impacts of noise.

The ordinance required the health depart-
ment to investigate complaints of noise within 
the city limits of Stamford. Based on the com-
plaint, we would monitor the noise levels over 
time. Sometimes we were required to moni-
tor noise levels late at night. If necessary, we 
would issue warnings to those causing the 
noise. If after multiple warnings the noise level 
continued to be above the level established in 
the ordinance, a court summons was obtained 
and a fi ne could be assessed.

Noise is defi ned as unwanted sound. It has 
been well established by U.S. EPA, the World 
Health Organization, and other medical and 
health organizations that excessive noise 
causes serious harm to human health and 
interferes with people’s daily lives. Noise, by 
some, is considered the most pervasive pol-
lutant. Given the extent of its negative impact 
on health, noise is a very important hazard 
to monitor and control. Excessive noise can 
result in negative physiological and psycho-
logical effects on exposed individuals. The 
physiological effects include hearing loss, 
increased high blood pressure, stress, and 

fatigue. The psychological effects can be loss 
of concentration, reduced performance, sleep 
disturbance, and depression. Excessive noise 
interferes with communication, including 
the diffi culty in hearing a conversion, misun-
derstanding what is being said, or missing a 
warning signal.

The National Institute for Occupational 
Safety and Health (2019) states that in the 
U.S., hearing loss is the third most common 
chronic physical condition among adults. It 
is twice as prevalent as diabetes or cancer. 
About 11% of the working population has 
hearing diffi culty and about 24% of the hear-
ing diffi culty among U.S. workers is attrib-
uted to occupational exposures.

Excessive noise leading to hearing loss 
also has a negative economic impact. Hearing 
loss not only contributes to lower productiv-
ity but also leads to lower income. Further-
more, there is the additional cost to provide 
health and other services for those with hear-
ing loss. It is estimated that hearing loss cost 
$297,000 over the lifetime of every affected 
person (Mohr et al., 2010). The national cost 
of initial hearing loss treatments is projected 
to multiply 6-fold between 2002 and 2030 
from $8.2 billion to $51.4 billion (Stucky, 
Wolf, & Kuo, 2010).

As I mentioned at the beginning of this col-
umn, I applied for a U.S. EPA noise grant. I 
applied for the grant because the health depart-
ment had received noise complaints from 
Stamford residents. The lesson for all of us is 
to listen to the people in our communities.

In 1974, a U.S. EPA report identifi ed 70 deci-
bels (dB) over 24 hours (75 dB over 8 hours) 
as the average exposure limit to environmental 

The lesson for all 
of us is to listen to 
the people in our 

communities.
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noise. They identifi ed levels of 55 dB outdoors
and 45 dB indoors as the highest average levels
of noise that will permit spoken conversion,
sleeping, working, and recreation. These are
average levels, not peak levels. Occasional
higher noise levels should not cause noise-
induced hearing loss if the 24 hours include
a suffi cient amount of quiet time for hearing
recovery between high noise level exposures.
These limits are not regulations but guidance.
They give you, your community, and local
and state governments the basic information
to use in setting regulations. As I did with my
community, you can work with individuals
and organizations in your community to draft
ordinances related to noise. Our noise ordi-
nance in Stamford was related to complaints—
noise annoyance rather than hearing hazard
risks. Your ordinance might require warning

signs, the use of hearing protection, or lower
noise levels between certain hours. In 2014,
the Minneapolis city council passed an ordi-
nance that required bars and clubs to offer free
ear plugs to customers.

I will end with a few personal notes. I have
some noise-induced hearing loss. I carry ear
plugs with me and have a sound meter app
on my smartphone. I look forward to hear-
ing from all of you (at 45 dB or lower) at the
National Environmental Health Association’s
2019 Annual Educational Conference &
Exhibition in Nashville, Tennessee, in just
a few months on July 9–12 (see page 46 for
information on the conference).
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Introduction
According to Saldmann (2008), the list of 
illness-causing bacteria and viruses that can 
be spread through casual hand-to-hand or 
inanimate object-to-hand contact includes: 
E. coli, Tatumella ptyseos, Serratia plymu-
thica, Citrobacter freundii, Proteus penneri, 
Erwinia, and Helicobacter pylori. By com-
ing into contact with objects that have 
been contaminated by individuals who are 
carriers of these illness-causing bacteria 
and viruses, these infectious diseases can 
be spread through casual human contact. 
Further, if bacteria or viruses are deposited 
on an object, (e.g., someone infected with 
human infl uenza sneezes without covering 
their mouth), then the infectious bacterial 

organisms can live from several hours to up 
to 5 months on inanimate objects, depend-
ing on the environmental conditions (Brady, 
Fraser, Dunlop, Paterson-Brown, & Gibb, 
2007; Kramer, Schwebke, & Kampf, 2006; 
Rutala, White, Gergen, & Weber, 2006; 
Saldmann, 2008). 

In the medical and healthcare fi eld, hand 
washing practices are determined by moni-
toring the bacterial levels located on objects 
such as keyboards and wireless communica-
tion devices (Brady et al., 2007; Rutala et al., 
2006). The results of these studies show that 
despite continual use and cleaning, disin-
fectants were continually required to ensure 
that disease-causing microorganisms were 
controlled to safe levels (Brady et al., 2007; 

Rutala et al., 2006). This vigilant approach 
is critical, especially in light of research that 
disease-causing viruses can remain on every-
day surfaces such as door knobs, desk tops, 
and chairs—even after disinfectants have 
been used to sanitize the contaminated area 
(Terpstra et al., 2007).

One of the major barriers to effectively 
controlling the spread of infectious diseases 
is proper personal hygiene, particularly hand 
washing. The Centers for Disease Control 
and Prevention (CDC) has worked to create 
the Clean Hands Count (CHC) campaign in 
an effort to “create and support coordinated, 
sustained initiatives to signifi cantly improve 
health and save lives through clean hands” 
(Centers for Disease Control and Preven-
tion [CDC], 2018a). Research has shown 
that public restrooms are a source of bacte-
rial and viral infection because of improper 
hand washing (Allwood, Jenkins, Paulus, 
Johnson, & Hedberg, 2004; Bakalar, 2005; 
Berry, Mitteer, & Fournier, 2014; de Kort 
& Velthuijsen, 2011; Guinan, McGuckin-
Guinan, & Sevareid, 1997; Oldfi eld, 2017). 
Further, if people are using public restrooms 
in a casino, then cross-contamination can 
occur on casino gaming chips, because stud-
ies have shown that on average, 35% of the 
U.S. population does not wash their hands 
after using the restroom (Altekruse, Yang, 
Timbo, & Angulo, 1999; Berry et al., 2014; 
Byrd-Bredbenner et al., 2007; “Did you wash 
your hands,” 1996; Filion, Kukanich, Chap-
man, Hardigree, & Powell, 2011; Guinan et 
al., 1997). 

It should be noted that even though 65% 
of the U.S. population has been found to 

Abst ract The casino environment, consisting of employees 

and customers, can present a risk for exposure to infectious diseases, 

especially bacterial diseases that are found on casino gaming chips. The 

purpose of this study was to replicate a study from 2011 to determine 

bacterial microorganisms on casino chips. A total of 26 chips (13 used 

actively in a casino and 13 never used from a chip manufacturer) were used 

for the study. Bacteria and fungi development were found in statistically 

signifi cant numbers (p < .05). Contamination was found on used versus 

unused chips based on the location being tested, namely the obverse (the 

side of the chip bearing the head or principal design), reverse, or edge 

of the chip—with overall results being statistically signifi cant for the 

presence of pathogenic contaminants. This study also determined that 

the chips showed the presence of E. coli at statistically signifi cant levels.

Gambling With Your 
Health: Bacterial 
Contamination on 
Casino Gaming Chips
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wash their hands after using the restroom, 
the duration of hand washing does not reach 
the recommended time to ensure that hands 
are effectively cleaned. Berry and coauthors 
(2014) found that the average time that indi-
viduals wash hands after using the restroom 
was 8.1 s, with the range being 0.52–57.7 s. 
The Food and Drug Administration recom-
mends that when washing hands, you should:

“(3) Rub together vigorously for at least 
10 to 15 seconds while: (a) Paying par-
ticular attention to removing soil from 
underneath the fingernails during the 
cleaning procedure, and (b) Creating 
friction on the surfaces of the hands and 
arms or surrogate prosthetic devices for 
hands and arms, finger tips, and areas 
between the fingers” (U.S. Department 
of Health and Human Services, 2013, 
pp. 46–47).
Alternatively, CDC recommends that when 

washing hands, you should “rub your hands 
together vigorously for at least 15 seconds, 
covering all surfaces of the hands and fin-
gers” (CDC, 2018b).

Casino employees and customers can be 
at risk for exposure to infectious diseases, 
especially bacterial diseases, through the 
handling of chips. A study by Mc Keown and 
coauthors (2011) was designed to determine 
if infectious bacteria were present on chips 
that were used by casino workers and cus-
tomers by comparing the bacteria counts of 
these chips to new, never-used-before chips. 

The purpose of this replication study 
was to determine to what degree the results 
obtained from the Mc Keown and coauthors’ 
2011 study, where both bacteria and fungi 
were present in statistically significant num-
bers on both the unused (factory) and used 
(in use at casinos) chips, were due to hap-
penstance or instead indicate a serious health 
issue. The secondary purpose of this study 
was to determine if E. coli or coliforms are 
among the illness-causing bacteria found 
on the chips being studied. The information 
gathered from this study will provide rec-
ommendations that can reduce and prevent 
infectious bacterial disease among casino 
workers and customers.

Methods
The protocol for this study closely follows 
that which was outlined in Mc Keown and 
coauthors (2011) with changes made to the 

protocol outlined below. This study employs 
a case-control design to determine if infec-
tious bacteria exist on chips. The in-use chips 
were purchased at a table game in the amount 
of $100 in $5 chips, resulting in a total of 20 
chips being purchased for the study. The $5 
denomination was chosen as a chip that is 
available at the various table games and is 
actively in use in games with minimum bets 
ranging from $1–$25. 

Then, 13 chips that have never been used 
in a casino were compared with 13 chips that 
had been in play at an undisclosed casino 
in the Midwest. It was determined that the 
number 13 was used in the original study 
because the primary investigator was self-
funding the study and that was how many 
blood-agar Petri dishes could be purchased. 

In this study, a total of 20 chips ($5 
denomination each) were collected from four 
different casinos, with 4 chips from a casino 
in the Gulf Coast and the other 15 chips (5 
each) from three different casinos in Las 
Vegas, Nevada. Chips were randomly chosen 
in equal numbers from the four casinos until 
13 chips had been tested. Each chip contains 
three sides (obverse or front, reverse or back, 
and side or rim), so a total of n = 78 tests were 
performed: 39 for the used chips, and 39 for 
the control group (never-used chips).

Obverse and reverse sides of the chips were 
determined based on the chip design and 
positioning of colored stripes in relation to 
wording and casino label. Chip labels closely 
oriented with the wording on the edge of the 
chip were considered the obverse side of the 
chip. In the Mc Keown and coauthors’ 2011 
study, chips were randomly removed from 
sterilized plastic containers marked as either 
used or unused using sterilized forceps. 

In this study, two biologists performed the 
tests and directly removed the chips from 
the zip-sealed plastic bags that they were 
collected in from the casinos. One biologist 
performed the tests on the used chips and 
a different biologist performed the tests on 
the new, unused chips. The biologists wore 
neoprene gloves while handling the chips 
for testing. Between the testing of each chip, 
the testing area and gloves were sterilized 
with an alcohol solution of 70% ethanol.
Each chip was then swabbed for bacteria 
using 6-in. sterile cotton-tipped applicators 
that had been dipped into a sterile solution 
of elution fluid containing 1% tween and 

0.3% lecithin (Gaonkar, Geraldo, Shintre, & 
Modak, 2006). 

The obverse side of the chip surface area 
was swabbed first, followed by the reverse 
side, and finally the rim. To gauge the degree 
in which the process might generate unique 
findings, we reversed swabs 22–27 to deter-
mine if swabbing order affected the results of 
the study. Additionally, we introduced a dif-
ferent bottle of sterile elution fluid at swab 
number 49. Both bottles of sterile elution 
fluid were made at the same time and both 
sterile elution fluids were tested before and 
after the study was completed. These steps 
were taken to determine that the elution flu-
ids were not contaminated. 

Swabs were then directly streaked across 
numbered blood agar Petri dishes, with the 
number corresponding to the location of the 
chip being swabbed to determine reactionary 
issues based on microorganism growth. For 
this study, larger Petri dishes were inadver-
tently acquired, so lines were drawn to cre-
ate three equal areas. Each area was labeled 
either with an O, R, or E to reference the 
obverse (front), reverse (back), or edge (side) 
of the chip. The Petri dishes were also labeled 
with an identifier indicating from which of 
the four casinos it originated.

Once all the Petri dishes had been 
swabbed, they were placed upside down 
(optimal growing condition) in a growth 
incubator set at 37 °C for 48 hr. After 48 hr, 
the Petri dishes were removed from the incu-
bator and placed in a refrigerated cooling area 
until the results were analyzed. This proto-
col for growing bacteria from contaminated 
surfaces is standard procedure (Bykowski & 
Stevenson, 2008). At the end of the study, the 
purchased chips were used in other studies, 
then returned to the respective casinos and 
redeemed for the cash value.

Results
We used analysis of variance (ANOVA) to 
measure the bacterial growth comparisons 
between the control and casino-used chips. 
We used the statistical program Stata version 
10.1, which is considered a powerful statisti-
cal analysis package, to perform these tests. 
A probability of p < .05 was used for deter-
mining significant differences between the 
control versus casino-used chips for bacterial 
growth. A total of 78 samples (39 from each 
set of control chips and casino-used chips) 
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offered enough statistical power (for α = .05,
SD = 0.50, N = 78; power = 0.865) to deter-
mine the statistical significance noted above.

First, the plates were examined to deter-
mine the results (Figure 1). We used micro-
scopic examination to identify cellular
morphology and reaction (Figure 2). The
bacteria cultured from the unused (con-
trol) chips were morphologically similar
throughout each plate (Table 1). Bacteria on
the unused casino chips consisted of gram-
positive bacillus (rodlike) populations on
all plates analyzed (Table 2). According to
the World Health Organization, Corynebac-
teria, Propionibacteria, and Staphylococcus
epidermidis are common gram-positive bac-
teria that colonize human hands. Although
gram-positive bacteria colonize the hands
to a greater extent than gram-negative bac-
teria, a greater diversity of bacteria, fungi,
and viruses are key features in the human
hand microbiome compared to alternative
sources of bacterial populations on inani-
mate objects (Cosseau et al., 2016; Wenzler,
Fraidenburg, Scardina, & Danziger, 2016).
Although outside the scope of this experi-
mental design, the population of bacteria
found on the unused chips might originate
from the manufacturing and packaging pro-
cess rather than direct human contact, thus
explaining the low diversity of bacteria pres-
ent on the surface of the chips.

The blood agar plates containing bacteria
from the used chips displayed higher diver-
sity of bacteria and fungi (Table 2). There
were roughly 32% fungi and 68% bacteria on
each plate. With the use of selective E. coli
media and coliform media, we detected the
presence of E. coli, a type of coliform and
common food poisoning-related bacterium
(Addis & Sisay, 2015). Plates 2, 4, 5, 6, 8,
11, and 12 contained both gram-positive
and gram-negative bacillus and gram-nega-
tive cocci (spherical-like) bacteria. Further-
more, the identification of gram-negative
cocci bacteria on plate 11 suggests the pres-
ence of genera Neisseria, Moraxella, or Kin-
gella, which are causative agents for men-
ingitis, sinusitis, and bronchopneumonia,
and can be transmitted by genital-to-hand
contamination (Wenzler et al., 2016; Zapka
et al., 2011).

The presence of capsular and lipopolysaccha-
rides increases pathogenicity and antiphago-
cytic qualities suitable for evading the human

immune system and can provide genetic diver-
sity for increased multidrug-resistant popula-
tions (Arora, Devi, Chadha, & Malhotra, 2009).
The differences in bacteria and morphology
found is typical of fomites that have been in
contact with a multitude of people.

Limitations of the study include genus and
species identification of the diverse microbial
communities present on used and unused
chips using molecular identification, such as
DNA sequencing, genomics, or proteomics.
Additionally, swabbing might underestimate
the total populations on the various surfaces
of the chips, because swabbing does not
access microbes embedded in the textured
layers of the surface. The human hand influ-
ences the spread of disease, leaving and pick-
ing up microbes with each touch. With the
use of standardized methods and increasingly
larger studies, we will increase our under-
standing of the impact of casino chip sanita-
tion on health outcomes.

Of the 78 tests completed, each test pro-
duced results that are considered usable for
this study. We counted the number of bac-
teria or fungi colonies that grew in the agar
Petri dish. For bacteria, the 78 usable results
had a mean of 14.03 colonies and a stan-
dard deviation of 7.61 with a range of 1–33
colonies; alternatively, the fungi resulted in a
mean of 1.44 colonies and a standard devia-
tion of 1.92 with a range of 0–10 colonies.
The E. coli test showed a mean of 2.1 colonies
and a standard deviation of 3.74 with a range

of 0–19 colonies. The coliform test was nega-
tive for each case.

The ANOVA results [F(1,76) = 43.56, p <
.001] indicated a statistically significant dif-
ference between the amount of bacteria found
on used versus unused chips. According to the
Bonferroni results, used chips have a higher
mean score related to the number of bacte-
ria found than that of unused chips, with a
significance of p < .01. This study’s measure
of explained variation, however, shows that
36.43% of the variance in bacteria levels is
explained by the differences between used and
unused chips. Additionally, the fungi results
were also statistically significant [F(1,77) =
99.89, p < .001], where 56.79% of the vari-
ance is explained by the difference between
the used and unused chips. Finally, the E.
coli results were also statistically significant
[F(1,77) = 92.22, p < .001], where 54.82%
of the variance is explained by the difference
between the used and unused chips.

ANOVA was also performed to determine
any differences in the swabbed areas (i.e.,
obverse, reverse, and edge). The bacteria,
fungi, and E. coli found were not statisti-
cally significant for bacteria [F(2,77) = 1.19,
p > .05], fungi [F(2,77) = 0.68, p > .05], or
E. coli  [F(2,77) = 1.87, p > .05]. The vari-
ance between the differences in the sections
was 3.07% for bacteria, 1.77% for fungi, and
4.74% for E. coli.

Finally, the bacteria, fungi, and E. coli
found on the obverse, reverse, and edge

Sample Blood Agar Plate Microscopic Examination

FIGURE 1 FIGURE 2
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Control (Unused) Casino Gaming Chip Results

Chip 
#

Surface Total # of 
Colonies

Size Shape Color Margin Elevation Total 
# of  

E. coli

Total # of 
Coliforms

Gram 
Stain

(+ or -)

Bacteria 
Morphology

Isolated 
Colonies 

(RNA Later)

# of 
Fungi

1 Obverse 11 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 33 0 0 + Bacillus 1 0

Edge 9 0 0 N/A N/A N/A 0

2 Obverse 15 SM Round Yellow, 
gray

Smooth Raised 0 0 + Bacillus 1 0

Reverse 15 0 0 N/A N/A N/A 0

Edge 16 0 0 N/A N/A N/A 0

3 Obverse 27 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 24 0 0 N/A N/A N/A 0

Edge 11 0 0 N/A N/A N/A 0

4 Obverse 12 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 12 0 0 N/A N/A N/A 0

Edge 10 0 0 N/A N/A N/A 0

5 Obverse 17 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 14 0 0 N/A N/A N/A 0

Edge 24 0 0 N/A N/A N/A 0

6 Obverse 19 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 17 0 0 N/A N/A N/A 0

Edge 29 0 0 N/A N/A N/A 0

7 Obverse 19 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 14 0 0 N/A N/A N/A 0

Edge 23 0 0 N/A N/A N/A 0

8 Obverse 27 SM Round Yellow, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 22 0 0 N/A N/A N/A 0

Edge 22 0 0 N/A N/A N/A 0

9 Obverse 23 SM Round White, 
gray

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 8 0 0 N/A N/A N/A 0

Edge 17 0 0 N/A N/A N/A 0

10 Obverse 20 SM Round White, 
yellow

Smooth Raised 0 0 N/A N/A N/A 0

Reverse 11 0 0 N/A N/A N/A 0

Edge 19 0 0 N/A N/A N/A 0

11 Obverse 22 MD, 
SM

Round White Smooth Raised 0 0 + Bacillus 1 0

Reverse 20 0 0 + Bacillus 1 0

Edge 17 0 0 N/A N/A N/A 0

12 Obverse 11 SM Round White Smooth Raised 0 0 N/A N/A N/A 0

Reverse 25 0 0 N/A N/A N/A 0

Edge 10 0 0 N/A N/A N/A 0

13 Obverse 33 SM Round White Smooth Raised 0 0 N/A N/A N/A 0

Reverse 29 0 0 N/A N/A N/A 0

Edge 18 0 0 N/A N/A N/A 0

Note. We performed gram stain, bacterial morphology, isolated colonies, and fungi tests only on chips/petri dishes/colonies that were different. A lot of the colonies throughout the plates 
looked identical so we would isolate one of the colonies as a representation of the group. We isolated at least one colony out of all the colonies of the same group.
SM = small; MD = medium; N/A: not applicable.

TABLE 1
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In-Use (Used) Casino Gaming Chip Results

Chip 
#

Surface Total # of 
Colonies

Size Shape Color Margin Elevation Total 
# of  

E. coli

Total # of 
Coliforms

Gram 
Stain

(+ or -)

Bacteria 
Morphology

Isolated 
Colonies 

(RNA Later)

# of 
Fungi

1 Obverse 5 SM Round Yellow, 
gray

Smooth Raised 15 0 N/A N/A N/A 0

Reverse 10 5 0 N/A N/A N/A 3

Edge 8 11 0 N/A N/A N/A 1

2 Obverse 20 LG, 
MD, 
SM

Round White, 
yellow, 
gray

Smooth, 
rigid

Raised 14 0 + Bacillus 1 5

Reverse 8 6 0 N/A N/A N/A 1

Edge 11 5 0 N/A N/A N/A 0

3 Obverse 19 MD, 
SM

Round White, 
yellow

Smooth Raised 4 0 N/A N/A N/A 4

Reverse 27 1 0 N/A N/A N/A 4

Edge 10 2 0 N/A N/A N/A 2

4 Obverse 16 LG, 
MD, 
SM

Round, 
rhizoid, 

filamentous

White Smooth, 
rigid

Raised,  
flat

4 0 N/A N/A N/A 3

Reverse 9 2 0 – Bacillus 1 3

Edge 9 6 0 N/A N/A N/A 2

5 Obverse 6 MD, 
SM

Round Yellow, 
gray

Smooth Raised 4 0 N/A N/A N/A 3

Reverse 12 2 0 – Bacillus 1 5

Edge 9 5 0 N/A N/A N/A 4

6 Obverse 12 LG, 
MD, 
SM

Round White, 
yellow, 
gray

Smooth, 
rigid

Raised 4 0 + Bacillus 1 3

Reverse 10 8 0 N/A N/A N/A 4

Edge 10 2 0 N/A N/A N/A 4

7 Obverse 21 MD Round White, 
gray

Smooth Raised 0 0 N/A N/A N/A 10

Reverse 12 2 0 N/A N/A N/A 6

Edge 8 3 0 N/A N/A N/A 3

8 Obverse 8 LG, 
MD, 
SM

Round, 
rhizoid

White, 
yellow, 
gray

Smooth, 
rigid

Raised,  
flat

19 0 N/A N/A N/A 2

Reverse 8 2 0 N/A N/A N/A 4

Edge 6 3 0 – Bacillus 1 3

9 Obverse 11 MD, 
SM

Round Yellow, 
gray

Smooth Raised 7 0 N/A N/A N/A 3

Reverse 10 3 0 N/A N/A N/A 2

Edge 8 2 0 N/A N/A N/A 2

10 Obverse 5 MD, 
SM

Round Yellow, 
gray

Smooth Raised 1 0 N/A N/A N/A 1

Reverse 2 1 0 N/A N/A N/A 2

Edge 1 2 0 N/A N/A N/A 1

11 Obverse 12 MD, 
SM

Round White, 
yellow, 
gray

Smooth Raised 11 0 – Cocci 1 4

Reverse 9 0 0 N/A N/A N/A 3

Edge 5 0 0 N/A N/A N/A 2

12 Obverse 12 LG, 
MD

Round, 
rhizoid

Yellow, 
gray

Smooth, 
rigid

Raised,  
flat

1 0 N/A N/A N/A 3

Reverse 7 1 0 + Bacillus 2 3

Edge 7 1 0 + Cocci 1 3

13 Obverse 1 MD, 
SM

Round White, 
yellow, 
gray

Smooth Raised 1 0 N/A N/A N/A 1

Reverse 2 1 0 N/A N/A N/A 2

Edge 3 3 0 N/A N/A N/A 1

Note. We performed gram stain, bacterial morphology, isolated colonies, and fungi tests only on chips/petri dishes/colonies that were different. A lot of the colonies throughout the plates 
looked identical so we would isolate one of the colonies as a representation of the group. We isolated at least one colony out of all the colonies of the same group.
SM = small; MD = medium; LG = large; N/A = not applicable.

TABLE 2
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(p < .001) of the chips were statistically sig-
nificant; however, the amount of explained 
variation for each test was low at 8.12%, 
7.66%, and 6.95% for bacteria; 1.90%, 2.36%, 
and 1.38% for fungi; and 8.41%, 9.61%, and 
6.24% for E. coli, respectively.

Discussion
As illustrated above, both bacteria and 
fungi were found in statistically significant 
amounts on used and unused chips. This 
finding aligns with the Mc Keown and coau-
thors (2011) study, which found: 

“Further microscopic examination of 
the cell arrangements of the yellow 
colonies, found on plates 1, 4, 24, 28, 
36, 43, 46, 49, 53, 56, 68, 71, and 77, 
were diplococcic and in tetrads, which 
means that this was most likely a hand 
bacterium known as Micrococcus luteus 
(Greenblatt et al., 2004). The fungus 
showed conclusively under a micro-
scope to be a fungus; however, with-
out expensive DNA sequencing it was 
not possible to determine which type. 
Moreover, the fungus resulted in com-
plete hemolysis (rupture or destruction 
of red blood cells) within the agar Petri 
dish, also known as beta-hemolysis 
(β-hemolysis). This increased hemoly-
sis suggested that the fungi were capa-
ble of being pathogenic.” 
With the increased awareness of disease-

causing microorganisms and the previous 
pandemics associated with influenza, these 
results show that chips can be carriers of 
organisms that can cause illness in suscepti-
ble populations (e.g., older people who tend 
to spend time at casinos, or infants/toddlers 
who find colorful chips laying around a hotel 
room or cruise ship stateroom). 

An undercover investigation by The Today 
Show found just as many germs on the handle 
of a slot machine (373, well above the failure 
mark of 100) as on elevator buttons (370) 
(Rossen & Davis, 2015). The cleanliness of 
casino hotels and cruise ships are constantly 
being monitored by their respective health 
districts; unfortunately, the Vessel Sanitation 
Program 2011 Operations Manual created 
by CDC has no specific information regard-
ing cleaning and sanitizing of the casino 
area. Every other area within a cruise ship is 
listed, with specific requirements and sanita-
tion protocols—except for the casino (CDC, 
2011; Cramer, Blanton, & Otto, 2008). Even 
the Southern Nevada Health District, which 
monitors hotels and casinos in the Las Vegas 
area, has only four items in a casino that 
are required to be cleaned and sanitized in 
an effort to control and prevent norovirus: 
“Casino cage counters, gaming chair backs, 
contact areas of gaming tables, and table 
game cup holders” (Southern Nevada Health 
District, 2007).

While this study was conducted using 
chips from four casinos compared with one 
casino in the study by Mc Keown and coau-
thors (2011), it only explored one specific 
denomination, specifically, the $5 chip. Cur-
rently, there are hundreds of casinos around 
the world where chips are used and chips are 
available in multiple denominations, rang-
ing from $1–$500 or higher; however, the $5 
chips are actively used in just about all casi-
nos and are available in large quantities. 

Conclusion
After testing for multiple types of patho-
gens on multiple chips from multiple casi-
nos, tests are being conducted to determine 
the best method for cleaning and sanitizing 

chips to ensure a healthy population, or if the 
chips should be redesigned to control for the 
ability to harbor these microorganisms. For 
example, we placed a chip in liquid bleach for 
24 hours with no noticeable discoloration, in 
addition to placing a chip in an autoclave 
with no noticeable effects to the gaming chip. 
While these are two basic methods of steril-
ization, tests are being conducted on meth-
ods of sanitation that would be practical and 
usable within the casino industry. The even-
tual goal is to determine effective disease-pre-
vention strategies for the safe handling and 
use of chips based on the presence of signifi-
cant levels of infectious bacteria. 

As a result, this study shows that addi-
tional studies need to be performed, and 
are being performed, to determine precisely 
the amounts and types of microorganisms 
that can be found on chips. Due to limited 
funds, the variability of chip denominations 
and casinos was sacrificed. In addition, lim-
ited funds dictated the amount of testing 
that was performed. Continued studies on 
casino chips will include DNA profiling of 
the microorganisms in addition to testing for 
possible viral pathogens. 
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Introduction
Carbon monoxide (CO) is an odorless, col-
orless gas released during incomplete com-
bustion of carbon, which is emitted from 
fuel-burning engines, including those in cars, 
boats, and generators. Unintentional nonfire-
related (UNFR) CO poisonings are among 
the leading causes of unintentional poisoning 
deaths in the U.S. (Centers for Disease Con-
trol and Prevention [CDC], 2014).

Each year in the U.S., on average from 1999–
2012, there were 438 UNFR CO deaths, with 
an average annual age-adjusted death rate of 
1.46 per million persons, and a crude annual 
death rate of 1.43 per million persons (Sir-
car et al., 2015). Another study based on the 
National Vital Statistics System, the National 
Poison Data Center, hyperbaric oxygen treat-
ment centers, and the National Electronic 

Injury Surveillance System reported simi-
lar numbers of deaths (Iqbal, Clower, King, 
Bell, & Yip, 2012). In general, CO deaths are 
more common during winter months (Iqbal, 
Clower, et al., 2012; Sircar et al., 2015) and in 
rural areas (Sircar et al., 2015; Yoon, Macdon-
ald, & Parrish, 1998). The most frequent place 
of exposure is the home (Sircar et al., 2015). 
Nationally, rates of nonfatal UNFR CO-related 
emergency department visits and hospitaliza-
tions are highest in the winter season. Most 
of these CO exposures occurred in homes 
(Iqbal, Law, Clower, Yip, & Elixhauser, 2012). 
Between 1979–1988, 57% of UNFR CO deaths 
in the U.S. were due to automobile exhaust 
(Cobb & Etzel, 1991), the majority (83%) of 
which were associated with stationary auto-
mobiles. In addition, many studies report 
that death from UNFR CO poisoning is more 

common among men and older adults (CDC, 
2007; Cobb & Etzel, 1991; Sircar et al., 2015). 

Although there are similarities in decedent 
characteristics, sources of CO and exposure 
circumstances for UNFR CO deaths can 
vary by geography. In Florida, CO poison-
ing deaths from 1999–2007 occurred most 
commonly in the home and most decedents 
were exposed to CO from vehicle exhaust 
(Harduar-Morano & Watkins, 2011). In 
Oklahoma, however, most UNFR deaths 
from 1994–2003 were related to furnaces and 
home heating (Bowles & Mallonee, 2007). 

We reviewed death certificate data and 
medical examiner records for CO decedents 
in New York City (NYC) to determine CO 
source, risk factors, and exposure circum-
stances during cold-season months, when 
CO poisoning occurs most frequently. To our 
knowledge, this study is the first in-depth 
examination of recent CO deaths in NYC. 

Methods
CO deaths were defined by the Centers for 
Disease Control and Prevention’s (CDC) 
National Environmental Public Health Track-
ing Network case criteria in effect in 2013 as 
those with an International Classification of 
Diseases 10th Revision (ICD-10) code of T58 
(“Toxic effect of carbon monoxide”) as a con-
tributing or underlying cause (CDC, 2018). 
Intentional deaths were defined as those with 
ICD-10 codes X6-Y09, Y35, or Y36 in any 
field and were excluded. Fire-related deaths 
were defined as ICD-10 codes in the range 
of X0 in any field and were also excluded. 
Nonfire-related deaths were defined as ICD-
10 codes X47 in any field and were included. 

Decedents with an unknown cause were 
defined as those having no fire or nonfire 
codes, or having both fire and nonfire codes, 
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the Cold Season, 2005–2013 
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and were also included. Partially de-identified 
electronic death certificate data, including 
medical examiner numbers, were obtained 
from the NYC Department of Health and 
Mental Hygiene (DOHMH) Bureau of Vital 
Statistics for the cold-season months (Octo-
ber 1–April 30) during the years 2005–2013. 

In NYC, the medical examiner investi-
gates all deaths suspected of being due to an 
external cause, including CO poisoning. A 
research agreement with the Office of Chief 
Medical Examiner (OCME) allowed us to 
query OCME records for CO cases identified 
in Bureau of Vital Statistics data. Research 
assistants abstracted relevant data from 
medical examiner records into a Microsoft 
Access database and analyzed the data in 
SAS version 9.2. We also reviewed OCME 
documents to ensure the death met the case 
definition of being nonfire related and unin-
tentional, and for exposure occurring in one 
of the five NYC boroughs.

We used death certificate data to deter-
mine race/ethnicity, sex, age, borough of res-
idence, and educational levels. When data 
were missing from the death certificate but 
available in OCME data, we used the OCME 
data. By reviewing OCME documents, we 
determined source of exposure, presence 
and functioning of a CO alarm, whether the 
death occurred during a power outage, and 
whether the decedent was homeless or sus-
pected to be homeless. 

We noted alcohol abuse as chronic when 
either the death certificate or the OCME inves-
tigation documents mentioned current or past 
alcoholism. Evidence of alcohol use at the time 
of death was considered positive when there 
was a report of intoxication around the time 
of death or blood ethanol level was >0.05% on 
the toxicology report. A threshold of 0.05% 
was chosen because it is the legal blood alco-
hol limit for operating a motor vehicle in New 
York State. Comorbid or contributing medical 
conditions were determined from the autopsy 
report or death certificate, as well as by report 
in any investigation documents. 

Average annual cold-month death rates were 
calculated for borough of residence, sex, race/
ethnicity, and age group. Denominator data 
were based on the 2010 U.S. Census of NYC 
(New York City Department of Health and Men-
tal Hygiene, 2015). We did not generate a death 
rate by borough of occurrence (as opposed 
to residence) because we had no appropriate 

denominator. We defined an annual cold-sea-
son rate as the total number of deaths over the 
study period divided by the number of study 
years (9 years), expressed per 1 million peo-
ple. A year-round rate was calculated and age 
adjusted to the U.S. standard age population 
for year 2000 using the direct standardization 
method (Klein & Schoenborn, 2001). Source of 
exposure was defined as the appliance or device 
that generated the CO. Place of exposure was 
defined as the physical location where the dece-
dent was injured or found.

For sex, age, race, and borough of decedent 
residence, we used SAS software to generate a 
chi-square likelihood ratio test to test the null 
hypothesis that death rates were independent 
of category. Because counts in all categories 
were low, we assumed a Poisson distribution. 
A p-value of <.05 was considered statistically 
significant. If the null hypothesis was not 
rejected, no further statistical tests were per-
formed. If the omnibus test was statistically 
significant, a reference category was set and 
a Poisson statistic was generated to compare 
rates within a variable. 

The NYC DOHMH Institutional Review 
Board reviewed this study and determined 
that it was exempt research.

Results
Over the 9-year study period, 36 decedents 
were identified as meeting the UNFR CO 
death case definition in Bureau of Vital Statis-
tics data. After reviewing OCME records, four 
records were excluded from the analysis and 
included one case of exposure outside NYC, 
two classified as unknown cause that were 
determined to be fire-related after review of 
OCME records, and one that was not CO-
related. One decedent had a legal residence 
outside of NYC, but was visiting a family 
member for a long-term stay in the Bronx; 
therefore, we included this case as residing in 
the Bronx for the analysis. There were only five 
UNFR CO deaths during warm months over 
the study period (data not shown) that were 
not included in this analysis, bringing the total 
year, age-adjusted rate to 0.49 per million. 

The overall cold-season death rate was 0.4 
per million. Deaths occurred in each year, al-
though there was variation in counts by year, 
with an annual average of 3.5 deaths. Of the 
32 UNFR CO deaths during the cold season, 
27 (84%) were men and five (16%) were 
women (Table 1). The average annual death 

rate was higher among men than women (0.8 
versus 0.1 deaths per million, p < .001). 

The UNFR CO cold-season death rate 
increased with age. Approximately two thirds 
of deaths occurred among adults ≥45 years. 
Adults 45–65 years had a death rate of 0.6 
deaths per million people, while adults ≥65 
years had a rate of 1.2 per million people. 

Deaths were reported in all NYC bor-
oughs. Queens was the borough with the 
highest number of deaths (n = 15, 47%). 
There was no statistically significant differ-
ence in rates of cold-season death by bor-
ough of residence, although Staten Island (n
= 3, 9%) had the highest rate of death (0.7 
deaths per million residents). 

The most common source of UNFR CO 
exposure in NYC was automobile emission 
(47%, Table 2), with decedents exposed in 
automobiles in enclosed garages, in homes with 
automobiles left running in attached garages, or 
in automobiles outdoors with or without men-
tion of exhaust systems blocked by snow. 

Automobiles were also the most common 
location of exposure (47%, Table 2), most 
often outside but also in enclosed residen-
tial garages. Of the 15 decedents found in 
an automobile, the source of exposure for 
11 decedents was vehicle exhaust, including 
four vehicles running in attached garages and 
four vehicles with exhaust systems blocked 
by snow. The remaining four were exposed 
to nonvehicle sources running inside the 
vehicle, including a contained coal fire for 
warmth, generators, and a lawn mower. 

The second most common location of 
exposure was the home (44%, Table 2). 
Home exposures resulted from furnaces, 
ovens, space heaters, and generators, as well 
as four cases where decedents died in homes 
after exposure to exhaust from vehicles left 
running in attached garages. There was one 
case in which a decedent was thought to be 
exposed at home, but there was no report 
of the specific source and so this case was 
reported as “household exposure.”

The presence or absence of a CO alarm was 
infrequently noted in the death scene investi-
gation reports for indoor exposures (Table 2). 
Two decedents were indoors and had no CO 
alarm. Five decedents were noted as having 
an alarm in place. Of those with an alarm, in 
three cases the alarm was noted to be non-
operational: two decedents who died in the 
same incident had a CO alarm that was dis-
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connected from the batteries, and the other
decedent did not have batteries in the alarm.
Two decedents, who died in the same inci-
dent and were both hard of hearing, had a CO
alarm but it was not clear from the records
whether it had sounded or was operational.
It was noted, however, that a neighbor’s CO
alarm had sounded.

Overall, six decedents were homeless
(Table 2), five of whom were exposed in
vehicles and one in a place of business. There
were also seven (22%) work-related deaths, of
which three were due to generator emissions.
Only two cases were known to involve a util-
ity outage. In one case, the power was turned
off due to unpaid bills. In the other case, the
reason for the outage was not recorded.

The most common comorbid medical con-
dition was cardiovascular disease (n = 16,
50%, Table 3), defined as either atherosclerotic
disease, history of stroke, heart failure, history
of myocardial infarction, pacemaker present,
or hypertensive cardiomyopathy. There was
evidence of alcohol use at the time of death in
16% of cases and 25% of decedents had a his-
tory of alcohol abuse. Nearly 40% percent of
decedents had a history of either drug or alco-
hol abuse, or had evidence of drug or alcohol
use at time of death. Respiratory disease and
diabetes were noted in several cases.

The environmental CO level was noted
in only seven indoor exposure cases. Some
records commented on CO detection but did
not report a value and some records noted
that doors and windows had been opened
prior to fire rescue taking a measurement.
Excluding a case in which the CO measure-
ment was zero, the mean environmental CO
measured was 372 ppm with a standard devi-
ation of 168 ppm (Table 4). In all, 28 of the
32 decedents (88%) had a recorded carboxy-
hemoglobin blood level (Table 4). The mean
carboxyhemoglobin level for those in whom
it was measured was 61% with a standard
deviation of 14%.

Discussion
In NYC, between 2005–2013, the average
annual cold-month death rate was 0.4 deaths
per million people based on OCME data
(Table 1). Similar to other areas, death rates
were higher among older adults and men.
Automobile exhaust was the most common
source of exposure. While infrequent, these
deaths occur each year and are preventable.

Demographics of Unintentional Nonfire-Related Carbon Monoxide 
Poisoning Deaths, New York City, 2005–2013 (October–April)

Demographic n % Average Annual 
Cold Month Rate  

per 1,000,000

p-Value

Sex       <.001b

     Female 5 16 0.1 ref

     Male 27 84 0.8 <.001

Age (years)       .001b

     0–17 1 3 0.1 ref

     18–24 2 6 0.3 .250

     25–44 8 25 0.3 .106

     45–64 10 31 0.6 .038

     ≥65 11 34 1.2 .004

Race       .541b

     White (non-Hispanic) 11 34 0.4  

     Black (non-Hispanic) 10 31 0.6  

     Hispanic 9 28 0.4  

     Asian 2 6 0.2  

Borough of death        

     Bronx 5 16    

     Brooklyn 8 25    

     Manhattan 2 6    

     Queens 15 47    

     Staten Island 2 6    

Borough of residencea       .106b

     Bronx 7 22 0.6  

     Brooklyn 7 22 0.3  

     Manhattan 2 6 0.1  

     Queens 13 41 0.6  

     Staten Island 3 9 0.7  

Education        

     Less than high school 5 16    

     High school graduate or GED 15 47    

     Some college credit, no degree 3 9    

     College or higher 5 16    

     Unknown 4 13

Total 32 100 0.4

aFrom Bureau of Vital Statistics data. One decedent lived outside of New York City but was staying long term with family 
in the Bronx and was counted as a resident of the Bronx.
bLog likelihood ratio chi-squared test.

TABLE 1
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The UNFR CO death rate in NYC appears
to be lower than national and regional rates.
The cold-season death rate in NYC was 0.4
deaths per million. The year-round age-ad-
justed death rate was 0.49 per million, lower
than the year-round age-adjusted Northeast
death rate of 0.91 deaths per million and the
national rate of 1.46 deaths per million from
1999–2012 (Sircar et al., 2015).

The higher CO poisoning death rates in
men that we observed in NYC are consistent
with studies in other jurisdictions (Iqbal,
Clower et al., 2012). One national study found
that nonfatal CO exposures and emergency
department visits were more common among
women, whereas men were more likely to ex-
perience death (Iqbal, Clower, et al., 2012). It
is possible that men might be more vulnerable
to death because they are more likely to abuse
alcohol and substances (Merikangas & Mc-
Clair, 2012), which could decrease the likeli-
hood that they will recognize early symptoms
and remove themselves from the exposure.
Men might also have more acute high-level
exposure because they could be more likely
to work with tools or appliances that emit CO
in an occupational setting (CDC, 2007; Iqbal,
Clower, et al., 2012). In our study, all work-
related exposures (n = 7) were among men.

In this study, the risk of fatal UNFR CO
poisoning increased with age, also consistent
with other studies (CDC, 2007; Sircar et al.,
2015). This trend might be because older
people are 1) less likely to experience symp-
toms or 2) unable to recognize early symp-
toms of CO poisoning, which can be nonspe-
cific (Muo & Gambert, 2015). An increasing
prevalence with age of medical comorbidity,
especially cardiovascular disease, could make
older adults more prone to the effects of CO
on the heart. Finally, older adults could be
more likely to live in social isolation, result-
ing in a longer CO exposure and lower likeli-
hood of being found before death.

Coronary artery disease was the clini-
cal condition most associated with death by
UNFR CO poisoning. We considered a de-
cedent as having coronary artery disease if it
was present on autopsy. Autopsy dissection
of coronary arteries showing atherosclerosis,
however, might not indicate clinically appar-
ent heart disease during life. Young subjects
with no clinical diagnosis of cardiovascular
disease might be diagnosed as having ath-
erosclerosis on imaging and autopsy (Tuzcu

Source of Carbon Monoxide (CO) and Environmental Risk Factors 
Among Decedents (n = 32), New York City, 2005–2013 (October–April)

Variable n %

Source of exposure 

     Automobile 15 47

     Generator 5 16

     Oven 4 13

     Space heater 3 9

     Charcoal fire 1 3

     Furnace 1 3

     Gas hot water heater 1 3

     Unspecified household exposure 1 3

     Lawn mower 1 3

Place of exposure

     Automobile 15 47

          In residential garagea 4  

          Snow-relatedb 4

          Other outdoorsc 7  

     Homed 14 44

     Businesse 3 9

Power outage

     Yes 2 6

     No 3 9

     Unknown/NA 27 84

Homeless

     Yes 6 19

     No 25 78

     Unknown 1 3

CO alarm present

     Yes 5 16

          Not operational 3

          Unknown if operational 2

     No 2 6

     Unknown/NA 25 78

Work-related

     Yes 7 22

     No 25 78

NA = not applicable
aIncludes four decedents found in automobiles in home garages.
bAll decedents were in an automobile and involved snow obscuring the automobile exhaust system.
cSources of CO for four decedents found in an automobile included one lawn mower, two generators, and one charcoal fire.
dIncludes four decedents who died in homes with attached garages where automobiles were the source of exposure.
eIncludes one store, one shed at a construction site, and one trailer at a construction site.

TABLE 2
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et al., 2001). Both clinical and subclinical
coronary artery disease can increase risk of
death from CO poisoning because it makes
the victim more susceptible to the effects of
hypoxia, as well as to CO toxicity directly
affecting the myocardium. In addition, coro-
nary artery disease can predispose exposed
people to arrhythmia and other cardiac com-
plications of CO poisoning (Lippi, Rastelli,
Meschi, Borghi, & Cervellin, 2012).

Housing stock, transportation, weather,
and employment likely all contributed to
differences in rates of death between juris-
dictions. From 1999–2012, NYC victims of
fatal UNFR CO poisoning were somewhat
less likely to be exposed at home (44%) than
deaths nationally (54%) (Sircar et al., 2015)
or in Florida (77%) (Harduar-Morano &
Watkins, 2011). In November 2004, NYC
passed a law mandating CO detectors in
dwellings, which include apartment build-
ings, single-family homes, and multifamily
homes. Our study period occurred after this
law was instituted, so it is possible that we
were seeing fewer deaths in homes due to
CO alarm warnings. A previous study of inci-
dence of CO poisoning in NYC before and af-
ter the CO detector law found nonsignificant
decreases in hospitalizations and deaths from
UNFR CO poisoning after the law; however,
the relatively short study period and small
number of identified deaths might have lim-
ited our ability to detect a significant change
(Wheeler-Martin et al., 2015).

In our study, the most common source
of CO poisoning was automobile emissions
(47%). This result is consistent with national
studies that have also found vehicle emissions
to be the most common exposure source,
most frequently via stationary vehicles (Cobb
& Etzel, 1991; Sircar at al., 2015). Somewhat
lower rates of residential death in NYC might
be due, in part, to the fact that most people
in NYC live in apartment buildings without
interior garages or with commercial garages
that are staffed.

In NYC, the highest death rates, although
not statistically different, were seen in Queens
and Staten Island. These boroughs have the
highest density of cars (New York Office of
Information Technology Services, 2014) and
the highest percentage of residential lots with
single family or row houses (New York City
Department of City Planning, 2012), which
are more likely to have garages in close prox-

imity to living space. Single-family dwellings
also have less stringent requirements related to
proof of installation and maintenance of CO
alarms (New York City Deparment of Housing
Preservation and Development, 2013).

Nationally, 3% of UNFR CO deaths from
1999–2012 were work related (Sircar et al.,
2015). There was a higher proportion of oc-
cupational exposures (16%) in NYC, which
likely is the result of a lower number of non-
occupational deaths, rather than an indica-
tion of unusually unsafe work places. The
possibility of unsafe work environments,
however, should be considered in preven-
tion efforts. Three of the deaths took place
in sheds or trailers that were heated with a
generator in the winter: all three decedents
were guarding goods or construction sites
overnight. As such, the most common work-
related deaths occurred outside in areas (such
as vehicles and worksites) that may not be
covered by the current CO alarm rule.

Only 16% of decedents were noted to have
evidence of alcohol use around the time of
death. Of UNFR CO decedents in New Mex-
ico from 1980–1995 who were tested for the
presence of alcohol, 42% had a blood alcohol
concentration of >0.01% (Yoon et al., 1998).
A study in California reported 33% of UNFR
CO deaths involved alcohol as documented in

medical examiner report (Girman, Chang, Hay-
ward, & Liu, 1998). Nearly 40% of decedents in
our study, however, had a history of either drug
or alcohol use or had evidence of drug or al-
cohol use at time of death, indicating that sub-
stance use and abuse can also be a significant
risk factor for UNFR CO deaths in NYC.

There are some limitations to this study.
We examined deaths occurring only in
cold-season months, so risk factors specific
to summer deaths are not captured in this
analysis. Most UNFR CO deaths in NYC and
the Northeast, however, occur during cold
months; over the entire study period, there
were five UNFR CO deaths that occurred
during warm months. In addition, our case
definition included two cases with an IC-10
code (Y17) denoting an event of undeter-
mined intent. Some CO deaths might also
go undetected (Varon & Marik, 2002). CO
exposure, for instance, can trigger an acute
coronary event and be unrecognized as a CO-
related death (Sward, Sethuraman, Wong, &
Rosenthal, 2016).

This analysis took place at the decedent
rather than the incident level. In our data,
there were three poisoning events that re-
sulted in six deaths. The method we used,
however, indirectly takes into account the
most concerning CO source, because those

Carbon Monoxide Decedent Medical Conditions and Contributing 
Factors, New York City, 2005–2013 (October–April)

Variable n %

Cardiovascular disease 16 50

Respiratory disease 5 16

Diabetes 3 9

Recorded history of illegal substance or opioid use 4 13

Chronic alcohol abuse

     Yes 8 25

     No 10 31

     Unknown 14 44

Evidence of alcohol use at time of deatha 5 16

History of illegal substance, opioid, chronic alcohol abuse, or alcohol use  
at time of death 

12 38

Total 32 100

aBy report or positive toxicology ethanol level of >0.05% measured in blood.

TABLE 3
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sources that caused more deaths were, in ef-
fect, overcounted.

A strength of this study is the use of medi-
cal examiner investigation data to describe
the source of CO and the context in which
the deceased was exposed, which is informa-
tion generally not available from death cer-
tificates. In addition to CO detector regula-
tions, one of the strategies for prevention of
CO exposure is public health messaging to
educate the public and at-risk populations
about how to protect themselves and avoid
exposure. The results of this study can help
ensure that public health messaging appro-
priately emphasizes current risks in NYC.
While continued focus on educating the
public about the importance of functioning
home CO detectors, safe use of home heat-
ing and other equipment, and proper use of
generators (particularly during emergencies)
remains appropriate, the results of this study
demonstrate that vehicle exhaust is a major
source of exposure in NYC.

The dangers of running vehicles in garages
attached to homes or in enclosed spaces need
to be emphasized in public health messaging.
Many decedents were older men and mes-

saging should also be directed at that popu-
lation, as well as those who care for older
people generally. Given the higher risks of
CO exposure in the winter, CO safety mes-
saging should continue to be integrated into
seasonal and emergency winter and extreme
cold safety messaging. For instance, the risks
of exposure to vehicle exhaust resulting from
tailpipes blocked by snow should be high-
lighted in public education materials that are
disseminated during the cold season.

In addition, there should be further study re-
garding the extent to which car exhaust is the
cause of CO poisoning in warm or cold months
throughout the country. If vehicle exhaust is a
major contributor to CO death, engineering
solutions such as alternative alarm systems for
vehicle CO emissions that can perform well in
that environment could be explored.

Conclusion
In NYC, the UNFR CO death rate is lower
than national rates, with the majority of ex-
posures due to car exhaust. Preventive mea-
sures such as ensuring home CO detectors,
maintaining home heating equipment, and
proper use of home heating and cooking

equipment, as well as reducing CO in con-
sumer products such as generators continue
to be relevant. Our study shows that the dan-
gers of automobile emissions—including au-
tomobiles in attached garages—as a source
of fatal CO poisoning at home are important
in NYC and should be emphasized in public
health messaging.
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Decedent Carboxyhemoglobin and Environmental Carbon Monoxide 
Levels (n = 32), New York City, 2005–2013 (October–April)

Variable n Mean SD Minimum Maximum

Carboxyhemoglobin 
blood level (%)

28 61 14 35 83

Environmental carbon 
monoxide level (ppm)

6 372 168 200 642

TABLE 4
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1. Each year in the U.S., on average from 1999–2012, 
there were __ unintentional nonfire-related (UNFR) 
carbon monoxide (CO) deaths.
a. 438
b. 538
c. 638
d. 738

2. In general, CO deaths are more common during __ 
months.
a. spring
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3. This study reviewed __ to identify CO decedents in 
New York City (NYC).
a. death certificate data
b. medical examiner records
c. emergency department records
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period during the cold season, __ were male and __ 
were female.
a. 16%; 84%
b. 33%; 67%
c. 67%; 33%
d. 84%; 16%

7. Approximately __ of UNFR CO deaths in NYC 
occurred among adults ≥45 years.
a. one quarter
b. one third
c. one half
d. two thirds
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c. 64%
d. 88%

12. In NYC, the UNFR CO death rate is __ national rates.
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b. the same as
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Introduction
Plastic is widely used in everyday life due 
to its continuous production in the last 60 
years. In the 8-year period from 2008–2016, 
production of plastic products has sharply 
increased 37%, from 245 million metric tons 
in 2008 to 335 million metric tons in 2016 
(Lithner, Larsson, & Dave, 2011; Plastics 
Europe, 2017). One of the most frequent 
uses of plastics is in packaging, storing, and 
serving food and beverages. Plastic prod-
ucts, in all stages of their life cycle, occupy 
almost every aspect of our lives and we tend 
to neglect their potential harmful impacts to 
our health and the health of our environment 
(Lithner, Damberg, Dave, & Larsson, 2009). 

The most important organic substances that 
can be released from plastic consumer prod-

ucts are styrene, 1,3-butadiene, melamine, 
formaldehyde, acrylamide, di-2-ethylhexyl 
phthalate, di-2-ethylhexyl adipate, vinyl chlo-
ride, and bisphenol A (Durusoy & Karababa, 
2011). These substances are endocrine dis-
rupting and have carcinogenic effects (Duru-
soy & Karababa, 2011). The aforementioned 
substances can be released into food or bever-
ages depending on the chemical characteris-
tics of the plastic or food/beverage; tempera-
ture during packing, storing, and processing; 
UV exposure; and time of storage (Durusoy 
& Karababa, 2011). The risk of the release of 
these substances is increased in several ways: 
during the contact with fatty/oily or acidic 
food/drink, by heating the food in plastic con-
tainers, by drinking hot drinks from plastic 
cups, by using old and damaged plastic, or 

using some surfactants (Durusoy & Karababa, 
2011). Keeping this information in mind, we 
have to be aware of the need for continuous 
hazard and risk assessment related to plastic 
products, especially for new consumer prod-
ucts (Lithner, Nordensvan, & Dave, 2012).

Currently there are many types of plas-
tic materials on the market but the most 
frequently used are products made of poly-
styrene, especially in the fast food indus-
try (delivering and serving hot meals and 
drinks) (Plastics Europe, 2017). Styrene, 
as a basic compound of polystyrene, can 
adversely affect human health in many ways 
due to its tendency to accumulate in tissue. 
According to the Agency for Toxic Substances 
and Disease Registry (ATSDR), styrene 
was detected in adipose tissues and blood 
(ATSDR, 2018). Prolonged exposure to small 
amounts of styrene can have neurotoxic (bad 
mood, insomnia, nervousness), hematologic 
(reduced platelet count and hemoglobin), 
cytogenetic (chromosomal abnormalities 
and lymphatic), and carcinogenic effects 
(Dowty, Laseter, & Storer, 1976). There is 
also evidence that styrene is hepatotoxic and 
pneumotoxic (Chung, Shen, Jiang, Yuan, & 
Zheng, 2012; Chung, Yuan, Liu, & Zheng, 
2006), it decreases reproduction capacity 
(Chamkhia, Sakly, & Ben Rhouma, 2006), 
it is ototoxic (Lawton, Hoffmann, & Triebig, 
2006; Morata & Campo, 2002; Nies, 2012), 
and it can cause a slowdown in growth and 
development (Durusoy & Karababa, 2011).

Previous research has shown that styrene 
and other aromatic organic compounds are 
continuously secreted from polystyrene plas-
tics used in the food and beverage industry 
(Choi, Jitsunari, Asakawa, & Lee, 2005; 
Gelbke et al., 2014; Gennari, Albrizio, & 

Abst ract  The large global production of plastics and their 

presence everywhere in society and the environment have created a 

need for assessing chemical hazards and risks associated with plastic 

products. Plastics from polystyrene can release potentially toxic 

products (including styrene), particularly when heated. In this study 

we used a Fluo-Imager Analyser with software for spectral fluorescence 

signature (SFS) analysis. The objective of this study was to evaluate 

and compare the amount of styrene released into food and beverages 

by using SFS on a Fluo-Imager Analyser. Our results showed that 

concentrations of released styrene were in the range of 1.45–9.95 

µg/L for hot water and 0.10–2.78 µg/L for room temperature water. 

The results indicate that this fluorescence diagnostic method is an 

effective tool for analysis of styrene released into food and beverages 

from polystyrene containers and cups, and could be useful in further 

investigations of styrene toxicity.

Detecting Styrene  
With Spectral Fluorescence 
Signature Analysis
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Monteiro, 2012; Genualdi, Nyman, & Begley,
2014; Linssen, Janssens, Reitsma, & Roozen,
1991; Miller, Newhook, & Poole, 1994; Para-
skevopoulou, Achilias, & Paraskevopoulou,
2012). Styrene has been reported in yogurt,

cream, salad, soft cheese, margarine, hot and
cold beverages, fresh and cooked meat, can-
died fruit, and fast food packed in polysty-
rene (Miller et al., 1994).

The standard method for detection and
quantification of those compounds is gas
chromatography with mass spectrometry
(GC-MS) (Garrigós, Marín, Cantó, & Sán-
chez, 2004; Kusch & Knupp, 2002). This
analytical method is considered to be the
gold standard but it is quite expensive, time-
consuming, and requires the use of harmful
solvents during sample preparation. There-
fore, for this feature, we attempted a new way
to detect styrene: spectral fluorescence sig-
nature (SFS). SFS is widely used in research
on phytoplankton (Babichenko, Leeben,
Poryvkina, van der Wagt, & de Vos, 2000;
Kaitala, Babichenko, Poryvkina, & Leeben,
1994) and dissolved organic matter (Babi-
chenko, Kaitala, Leeben, Poryvkina, & Sep-
pälä, 1999). Fluorescence spectrometry is a
standardized method (ASTM International,
2012) with great potential, as recognized by
the International Council for the Exploration
of the Sea (Ariese, Beyer, Jonsson, Porte, &
Krahn, 2005).

According to the available literature, SFS
has not been used for the determination of
styrene released from plastic consumer prod-
ucts. In previous studies, SFS was validated
for the determination of organic compounds
using GC-MS as the gold standard; the match-
ing of the finding was >99% (Ferretto et al.,
2014; Poryvkina, & Babichenko, 2010). There

is also evidence that SFS is comparable with
GC-MS in interlaboratory proficiency testing
(i.e., produced satisfactory z-scores) (Kam-
mann et al., 2013). As a fast and inexpensive
method that does not require the use of harm-
ful solvents, SFS could be of great value in the
area of styrene detection and quantification.

With these considerations, we tried to dem-
onstrate the value of SFS in the determination
of styrene as a product of polystyrene’s release.

Methods

Materials
We looked at plastic consumer products
made of polystyrene (cups for serving hot
and cold beverages, containers for the deliv-
ery of food, and containers for storing food
and drinks). We purchased from a local
market Styrofoam food containers and food-
grade, rigid, and open polystyrene cups that
are commonly used for drinking of water, tea,
and coffee. Based on most common use, we
chose 10 different types of polystyrene cups
and containers (Table 1). With each type of
cup and container, we measured 10 parallel
samples with room temperature water and 10
parallel samples with hot water (temperature
of approximately 80 °C).

The release of styrene in each of 20 paral-
lel (10 hot water, 10 cold water) plastic prod-
ucts was monitored without exposure to UV
radiation after 5, 15, and 30 min and 24 hr, so
we analyzed a total of 1,000 samples. Results
are expressed in µg/L. We used Milli-Q ultra-

Polystyrene Sample Descriptions

Sample # Characterization Description 
(Volume)

1 Transparent sample cup with red 
screw top (200 mL)

2 Yellow drinking cup (200 mL)

3 Brown drinking cup (150 mL)

4 White drinking cup (200 mL)

5 Transparent green drinking cup 
(200 mL)

6 Transparent drinking cup  
(330 mL)

7 Transparent drinking cup (50 mL)

8 Transparent drinking cup (40 mL)

9 Styrofoam food container  
(350 mL)

10 Transparent container for serving 
food (500 mL)

TABLE 1

Instrumentation Calibration Curve for Styrene for Spectral 
Fluorescence Signature Analysis

In
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y = 315.71x + 0.0854
R2 = .9991
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FIGURE 1

Repeated Analysis on the 
Same Real Sample Using 
Spectral Fluorescence 
Signature Method

Measurement Styrene  
Concentration (µg/L)

1 4.20

2 4.16

3 4.18

4 4.19

5 4.15

6 4.17

7 4.22

8 4.21

9 4.24

10 4.26

Average 4.20

SD 0.035

Relative SD (%) 0.84

TABLE 2
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pure water. As the standard, we used styrene
of purity >99.5%, gas-chromatography grade
(Sigma-Aldrich). For the control sample, we
used laboratory glass beakers made of boro-
silicate glass.

Measurements of Spectral
Fluorescence Signature
Measurements of SFS typical of styrene were
done on the Fluo-Imager Analyser M53
together with its respective control software
and additionally cooled detector (Scalar
Analytical B.V.) according to the ASTM Inter-
national (2012) method. Benefits of Fluo-
Imager are 1) no prior sample preparation
and 2) it does not require the use of organic
solvents like some other methods and there-
fore does not endanger the human environ-
ment or human health.

The Fluo-Imager screens SFS of water
samples. SFS is a matrix of the fluorescence
intensity in coordinates of excitation and
emission wavelengths, and can be viewed on
a computer monitor as a filled contour plot of
equal fluorescence intensity where the exci-
tation wavelength corresponds to the y-axis
and the emission one to the x-axis. Colors
(from blue to yellow and finally white) indi-
cate the growth of fluorescence intensity. The
absolute maximum of fluorescence signal is
marked by a black dot. Through the mea-
surement cycle the excitation wavelength is
scanned from 240–360 nm and fluorescence
is registered in spectral range from 265–585

nm. Different organic compounds in water
have different topography of SFS. In leach-
ates from plastic consumer products made of
polystyrene, only styrene was detected.

In this study, the method was validated
and the sensitivity level of the instrument
was determined with a certified reference
standard styrene (Sigma-Aldrich) to prove
that this method was precise and linear for
determination of styrene released from poly-
styrene consumer products.

Results

Validation of Method
The method of determining the spectral fluo-
rescence fingerprint was validated with a cer-
tified reference standard of styrene (Sigma-
Aldrich) according to ASTM International
(2012) on a Fluo-Imager. Validation of the
method included linearity, repeatability of
sample measurement, reproducibility, detec-
tion limit, and quantification limit. Six solu-
tions containing a standard with concentra-
tions between 0.5–10.0 µg/L were prepared
to study linear range (Figure 1). The squared
correlation coefficients (R2) was .9991.

The real water sample was measured 10
times and an average value was calculated
so we could assess the repeatability of the
method. The results are shown in Table 2.

For reproducibility, we prepared three con-
centrations of reference material (Merck) and
took measurements to gauge accuracy and

relative standard deviation (RSD). The repro-
ducibility was studied by analyzing six mea-
surements of each prepared concentrations
of reagent water spiked at three different
concentration levels. For the purpose of this
method, an RSD of ≤10% was acceptable and
Table 3 shows that all values are below 10%.

Taking into account the linearity ranges,
we prepared concentrations at the lower
values of the linear range. We analyzed 10
replicate solutions of 0.5 µg/L of styrene and
determined the SD. We calculated the values
of minimum detection level (MDL) and min-
imum quantification level (MQL) using the
formulae (3 × SD) and (10 × SD), respectively
(United States Pharmacopeial Convention,
2002); values are presented in Table 4.

Our results showed that this method for
measurement of styrene in water samples
and in leached samples of plastic products
of polystyrene by fluorescence spectroscopy
is linear (from 0–50 µg/L) and is satisfactory
for this purpose.

Instumentation Minimum 
Detection Level (MDL) and 
Minimum Quantification 
Level (MQL) for Spectral 
Fluorescence Signature 
Analysis Using a 0.5 µg/L 
Standard Solution

Replicate # Styrene  
Concentration

(µg/L)

1 0.50

2 0.51

3 0.51

4 0.49

5 0.50

6 0.51

7 0.51

8 0.49

9 0.51

10 0.49

Average 0.502

SD 0.009

Relative SD (%) 1.83

MDL 0.03

MQL 0.10

TABLE 4

Reproducibility of Standard Solutions Using the Spectral 
Fluorescence Signature Method

Replicate # Styrene Concentration
(µg/L)

0.5 µg/L Standard 1.0 µg/L Standard 5.0 µg/L Standard

1 0.520 1.020 5.01

2 0.510 1.000 4.99

3 0.480 0.960 5.02

4 0.500 0.980 4.95

5 0.490 1.040 4.98

6 0.530 1.020 4.96

Average 0.505 1.003 4.99

SD 0.019 0.029 0.027

Relative SD (%) 3.71 2.93 0.55

TABLE 3
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Results of Measurements of Spectral
Fluorescence Signature
SFS analysis of water samples measured with
a Fluo-Imager generated color plots that rep-
resent the levels of fluorescence intensity
(from blue to white) in coordinates of excita-
tion and emission wavelength. Maximal SFS
intensity is marked by black dots (Figure 2).

Movement of styrene concentrations mea-
sured in samples by SFS analysis is presented
in Figure 3. Concentrations were measured in
hot water (around 80 °C) and in room tem-
perature water. Concentrations for hot water
ranged from 1.45–9.95 µg/L and 0.10–2.78
µg/L for room temperature water (Figure 3).

Discussion
The use of various types of plastic, including
polystyrene, is growing. Knowing that plas-
tic releases toxic substances into food and
drinks, it is necessary to develop methods
that will enable us to quickly and in a cost-
effective manner determine concentrations of
these harmful substances in food and drinks.
Acute toxicity is something we do not expect
to occur, but we cannot neglect public health
with regard to plastic components that can
leach into drinks and food. Time of exposure
with plastic leachates is more important than
the amount of toxic substances leached. The
most vulnerable time of human exposure is
during the growth phase from birth to the
end of puberty (Ahmad & Bajahlan, 2007).

In this study we wanted to check the pos-
sibility of using the SFS method for determi-
nation of the chemical compound styrene,
as SFS is a fast and inexpensive method. In
our review of the literature, we did not find a
method this quick and simple that measured
such low styrene concentrations as the SFS

method. We focused on SFS because it does
not require the preparation of water samples
and therefore it is fast and does not require
much time to get the result.

Our results show that the styrene quantifica-
tion limit for this method is 0.10 µg/L and that
the method is linear in the range of 0.5–10.0

Spectral Fluorescence 
Signatures for a Clean Water 
Sample (a) and a Water Sample 
With 10 µg/L Styrene (b)

FIGURE 2

a

b

Sample Concentrations of Styrene Released From Plastic Products 
Using the Spectral Fluorescence Signature Analysis
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µg/L. For comparison, the linearity of head-
space gas chromatography with flame ioniza-
tion detection (HS-GC-FID) was 5.0–750.0
µg/L (Hansson & Hakkarainen, 2006) and for
online solid-phase extraction liquid chroma-
tography with diode array detector (SPE-LC-
DAD) linearity was 10.0–1000.0 µg/L (Saim,
Osman, Sabian, Zubir, & Ibrahim, 2012).

During our research, we established that
RSD for the SFS method ranged from 0.84–3.7%
depending on the measured concentrations.
This finding is similar to other methods: for
gas chromatography, the RSD had been found
to be 3% (Hansson & Hakkarainen, 2006) and
in the range of 2.4–9.3% (Lin, Song, Fang, Wu,
& Wang, 2017), while liquid chromatography
has been found to be 5.3% (Gennari et al.,
2012) and in the ranges of 2.1–3.3% (Saim et
al., 2012) and 0.1–0.3% (Moradi, Kiarostami,
& Amini, 2017).

As for our measured results, the range in
cups and food containers for hot water depend-
ing on the time of exposure was 1.45–9.95 µg/L
and for room temperature water was 0.10–2.78
µg/L. Results obtained in previous studies
(Ahmad & Bajahlan, 2007) ranged up to 29.5
µg/L, higher than the World Health Organiza-
tion’s (2008) guideline value limit of 20 µg/L.
During our research, it was noticeable that time
exposure plays a significant role in amount of
released styrene. Regarding the temperature of
water used in our experiments, there was also
a significant difference between the results, in
that we found higher concentrations in samples
for which we had used hot water; this find-
ing correlates with previous research (Ahmad
& Bajahlan, 2007; Withey, 1976). Different
results of styrene measured in different cups
and food containers can be caused by different
manufacturing processes for polystyrene cups
and food containers. Other researchers have
observed this difference (European Chemicals
Bureau, 2002). Other components can vary
from industry to industry and differ based on
production process; analyses have found ethyl
benzene (<0.1%), isopropyl benzene, toluene,
benzene, p-xylene, and 2-phenylpropene, but
these and other identified aromatic compounds
were detected in much smaller amounts than
styrene (Ahmad & Bajahlan, 2007), so we have
analyzed only styrene.

Conclusion
This study proposed a simple, low-cost, and
rapid method with easy operation for deter-

mination of styrene in water samples by SFS
detection, which is available to most research
laboratories. Compared with the previously
published methods, the proposed SFS method
shows adequately low limits of detection and
quantification, good repeatability, and low
consumption of solvent and sample volumes.
Therefore, the presented method can be con-
sidered as a routine laboratory method for
analysis of styrene in aqueous samples.

The SFS method is suitable for routine
analyses, but the use of GC-MS would be
advisable to confirm identification of com-
pounds and get further quantitative informa-
tion if such information is needed. Regarding
given results, this method is suitable for mea-
suring styrene and we believe that it is neces-
sary to further develop this method in order

to detect harmful compounds in the samples,
thus protecting the health of people who use
plastic daily.

Considering the toxic characteristic of sty-
rene and its leaching into water and other
products, polystyrene material should be
avoided for food packaging; furthermore,
rigid polystyrene and foam cups should
not be used for hot drinks. It is also recom-
mended that a public awareness program
about avoiding the use of Styrofoam cups for
hot drinks be launched.

Some of the limitations of this SFS method
are that if some of the water samples are pol-
luted by a large amount of organic matter,
disturbance and misalignments of the mea-
sured parameter can occur. We feel that we
can ignore this limitation, however, because

Sample Concentrations of Styrene Released From Plastic Products 
Using the Spectral Fluorescence Signature Analysis

Note. Results are shown as the average and standard deviation of the 10 parallel samples for cold water (blue columns) 
and hot water (red columns).
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we used pure polystyrene plastics and only 
distilled water, which has a spectrum that is 
characterized by a hardly visible fluorescence 
organic matter band. Also, our results might 
be limited in that we used samples randomly 
from store shelves, so it could be that we 
did not cover all possible types of polysty-

rene plastic. The release of toxic substances 
largely depends on the technological process 
in the production of polystyrene plastic prod-
ucts. Further research should be conducted 
to analyze other types of plastics using the 
SFS method, which has the advantages of 
high sensitivity and rapid identification. 
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 D I R E C T  F R O M  C D C  E N V I R O N M E N TA L  H E A LT H  S E R V I C E S

M any pool chemicals are used to pro-
tect the health and safety of swim-
mers and aquatics staff. For exam-

ple, to help prevent outbreaks of infectious 
diseases, chlorine or bromine is added as a 
barrier to pathogen transmission. Muriatic 
(hydrochloric) acid is added to maintain pH 
at 7.2–7.8, taking into account disinfectant 
efficacy, swimmers, and equipment. Clarifiers 
are added to maximize water clarity, which 
enable lifeguards and others to identify dis-
tressed swimmers underwater and help pre-
vent drownings.

Pool Chemical Injuries
While pool chemicals help pool owners and 
operators maintain healthy and safe water 

conditions, chemical handling mistakes can 
lead to serious injuries. National Electronic 
Injury Surveillance System (NEISS) data tell 
us pool chemical injuries annually lead to 
an estimated 3,000–5,000 U.S. emergency 
department (ED) visits. Almost half of ED 
patients are less than 18 years. Poisoning 
due to inhalation or ingestion and dermatitis/
conjunctivitis are the leading injury diagno-
ses (Centers for Disease Control and Preven-
tion, 2009, 2011; Hlavsa, Robinson, Collier, 
& Beach, 2014).

As you would expect, the injuries typically 
occur during the summer swim season (Memo-
rial Day weekend to Labor Day). NEISS injury 
reports indicate that injuries can be caused by 
an individual pool chemical or the mixing of 

incompatible pool chemicals (e.g., in a bucket). 
Chlorine and acid are a powerful disinfection 
combination when each is diluted before they 
are mixed together; however, mixing concen-
trated chlorine and acid generates toxic chlo-
rine gas. NEISS injury reports also indicate han-
dling pool chemicals without using personal 
protective equipment, particularly when open-
ing containers, and not securing pool chemicals 
away from children can lead to pool chemical 
injuries. The Agency for Toxic Substances and 
Disease Registry’s Hazardous Substances Emer-
gency Events Surveillance (now called the 
National Toxic Substance Incidents Program) 
data indicate human error is the leading factor 
that contributes to releases of pool chemicals 
(Anderson, Welles, Drew, & Orr, 2014).

NEISS records are on individual injured 
patients and the described pool chemical inju-
ries typically lead to one individual visiting 
the ED, which isn’t always the scenario with 
pool chemical injuries. One toxic chlorine 
gas event can affect scores of swimmers and 
aquatics staff (Hlavsa et al, 2018; Wilken et 
al, 2017). U.S. national outbreak data indicate 
toxic chlorine gas events can occur if there is 
no or low water flow in the recirculation sys-
tem while the chemical feed system simultane-
ously continues to run. This combination of 
events allows concentrated chlorine and acid 
to mix and the generated toxic chlorine gas to 
build up in the recirculation system. The toxic 
chlorine gas is released through the inlets 
and into the pool when normal water flow is 
restored within the recirculation system.

Preventing Pool Chemical Injuries
Fortunately, pool chemical injuries are pre-
ventable through education, engineering, 
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and enforcement. To minimize the risk of
these injuries, pool chemical safety training
(Figure 1) should be included in operator
training and provided to any aquatics staff
involved in storing or handling pool chemi-
cals. Additionally, preventing unauthorized
access to chemical storage spaces, exhaust-
ing air from these spaces at rates that help
protect occupant health and safety, and pro-
viding eyewash stations in these spaces can
minimize the risk of pool chemical injuries or
at least their severity. To specifically minimize
risk of toxic chlorine gas events, the chemi-
cal (chlorine and acid) feed should be deac-

tivated if there is no or low water flow in the
recirculation system.

These examples of preventive education
and engineering measures are recommended
in the Model Aquatic Health Code (MAHC,
www.cdc.gov/mahc). The MAHC’s overarch-
ing objective is to prevent illness and injuries
associated with public treated recreational
water venues (i.e., pools, hot tubs/spas, and
water playgrounds), which it does through
providing recommendations based on the lat-
est science or best practices. State and local
jurisdictions, depending on their individual
needs, can voluntarily adopt all or part of the

MAHC. Because the MAHC provides pre-
vention recommendations in its chapters on
design and construction, operation and main-
tenance, and policy and management, recom-
mendations to prevent a specific illness or
injury can appear in multiple MAHC chapters.

State and local environmental health
colleagues have reported that it can be dif-
ficult to find all the relevant MAHC code
and supporting annex rationale language.
In response, the Centers for Disease Control
and Prevention is developing Mini-MAHCs.
Mini-MAHCs are concise documents that
aggregate MAHC code and annex language

Free Laminated Pool Chemical Safety Poster Available in English and Spanish

To order, visit wwwn.cdc.gov/pubs/cdcInfoOnDemand.aspx?ProgramID=93. 
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on a specifi c public health issue. One Mini-
MAHC addresses general pool chemical safety
(Preventing Pool Chemical Injuries), while
another specifi cally addresses toxic chlorine
gas events (Preventing Toxic Chlorine Gas
Events, www.cdc.gov/mahc/editions/current.
html). All Mini-MAHCs reference content
from the 2018 MAHC, 3rd Edition.

Maximizing the positive public health
impact of pool chemicals calls for minimiz-
ing the risk of pool chemical injuries. State
and local environmental health practitioners
are on the frontline of prevention through
educating pool operators about pool chemi-
cal safety, inspecting on pool code elements
that minimize the risk of pool chemical inju-
ries, investigating pool chemical injuries to
identify their root cause(s), and informing
the development of optimized measures to
prevent future events. Without state and local
environmental health practitioners, we can-
not have healthy and safe swimming.

For more information on preventing pool
chemical injuries, visit www.cdc.gov/healthy

water/swimming/aquatics-professionals/pre
venting-pool-chemical-events.html.

Corresponding Author : Michele Hlavsa, Epi-
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and Zoonotic Infectious Diseases, Centers for
Disease Control and Prevention, 1600 Clifton
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I ntroduction
Through the Brownfields & Reuse Oppor-
tunity Working Network (BROWN) 

(www.atsdr.cdc.gov/sites/brownfields/stake
holders.html), a brownfields and land reuse 
collaboration, the U.S. Environmental Pro-

tection Agency (U.S. EPA), Agency for Toxic 
Substances and Disease Registry (ATSDR), 
and National Environmental Health Associa-
tion (NEHA) engage in public health-focused 
land reuse and brownfields redevelopment. 
We broadly use the terms brownfields and 

land reuse sites to represent properties that 
are potentially contaminated and might be 
reused (www.atsdr.cdc.gov/sites/brownfields). 
One key goal of our collaboration and the 
objective in publishing this column is to 
ensure that health agencies, particularly local 
health departments (LHDs), are prepared for 
engagement in brownfields and land reuse 
sites. Health agency engagement in land 
reuse can lead to healthy redevelopment that 
can revive not only the economy and envi-
ronment but also reduce health disparities 
through built environment improvements.

While federal and state environmental 
agencies are primarily responsible for brown-
fields and land reuse, state or local health 
agencies are often engaged, particularly if 
there are community concerns about poten-
tial contamination and exposures. In the 2013 
National Profile of Local Health Departments, 
the National Association of County and City 
Health Officials surveyed 2,000 LHDs in 
the U.S. to describe their infrastructure and 
practice (National Association of County 
and City Health Officials, 2014). About 83% 
of the LHDs reported environmental health 
partnerships with community organizations, 
of which 31% reported land use involvement. 
In addition, LHDs engaged in pollution pre-
vention (22%), hazardous materials response 
(17%), air pollution (16%), hazardous waste 
disposal (15%), and policy or advocacy 
activities in community-level urban design 
and land use policies to encourage physical 
activity (26%). All of these activities can be 

Abst ract  Many local health departments (LHDs) across the 

country coordinate with their service areas on environmental health 

or land reuse. The Brownfields & Reuse Opportunity Working Group 

(BROWN) is a multipartner land reuse stakeholder network that 

includes member representatives from state and local health agencies, 

federal agencies, environmental consultants, environmental health 

professionals, and academia. In 2015, BROWN provided input on five 

Environmental Health Resources Self Learning Modules (Epidemiology, 

Risk Assessment, Risk Communications, Land Reuse Sites, and 

Toxicology) that the Agency for Toxic Substances and Disease Registry 

(ATSDR) was developing. ATSDR created the educational modules as 

resources and self-study guides to increase LHD capacity to respond to 

environmental issues. Following input from BROWN members on the 

modules, the National Environmental Health Association independently 

developed a short survey to identify baseline capacity of environmental 

professionals, primarily LHD professionals, to address environmental 

health and land reuse issues. The survey results of 93 LHD personnel 

indicated variation in the level of education among LHD employees and 

how often specific environmental health and land reuse services were 

requested. A subset of three LHD respondents also provided input into 

the learning modules.

 INTEGRAT ING PUBL IC  HEALTH IN  LAND REUSE  AND REDEVELOPMENT

Part 2: Assessing Local Health 
Agency Capacity to Integrate 
Environmental Health and Land 
Reuse Work

Editor’s Note: The National Environmental Health Association is publishing a three-part series that highlights collaboration and partnerships with the Agency for Toxic 
Substances and Disease Registry (ATSDR) and redevelopment stakeholders to promote environmental health and land reuse as environmental and public health practices. This 
series will serve as a guide for identifying new and existing resources that can be adopted at the local environmental health level to safely reuse environmentally impacted land 
to improve community health outcomes. The conclusions in this series are those of the author(s) and do not necessarily represent the official position of the Centers for Disease 
Control and Prevention and ATSDR.

Laurel Berman, PhD 
Agency for Toxic Substances  

and Disease Registry

Stephanie DeFlorio-Barker, MPH, PhD 
U.S. Environmental Protection Agency

Sandra Whitehead, PhD 
National Environmental  

Health Association
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necessary in brownfield and land reuse site
assessment and redevelopment.

BROWN is a multisector land reuse col-
laboration that provides free consultation to
communities with concerns about contami-
nated properties. BROWN includes repre-
sentatives from ATSDR, U.S. EPA, other fed-
eral agencies, NEHA, state and local health
agencies, environmental consultants, and
academia. One key goal of BROWN is to sup-
port environmental health education that is
geared towards health agencies. For example,
BROWN provided input into ATSDR’s Envi-
ronmental Health Resource Self Learning
Modules—Epidemiology, Land Reuse Sites,
Risk Assessment, Risk Communications, and
Toxicology—that are available at www.atsdr.
cdc.gov/sites/brownfields/for_health_agen

cies.html#LearningModules. This collabora-
tion ultimately resulted in a survey devel-
oped by NEHA to assess LHD staff skills in
environmental health and to gauge the effec-
tiveness and potential impact of the modules.
In another collaboration, we created a 3-part
short video series, Engaging Health Depart-
ments in Brownfields/Land Reuse Redevel-
opment, that highlights ways that health
agencies can promote and build capacity to
become involved in land reuse/brownfields
work (www.atsdr.cdc.gov/sites/brownfields/
videos.html).

Methods
In June 2015, ATSDR held an in-person
focused discussion with BROWN members
to collect input on the Environmental Health

Resources Self Learning Modules so that they
would be specifically useful to increase LHD
capacity in land reuse work. Subsequently,
from May to June 2016, NEHA indepen-
dently conducted an online survey among its
members, who are primarily from LHDs, as
a first step to identify a baseline capacity of
local environmental health professionals to
address environmental health and land reuse
issues. NEHA surveyed its members through
its membership database. As a support organi-
zation, NEHA is nonfederal and is not subject
to federal human subjects and Office of Man-
agement and Budget regulations. All NEHA
members who participate in the survey did
so voluntarily. The 14-question survey took
less than 5 minutes to complete (Table 1).
Through its collaboration in BROWN, NEHA
included a survey question to establish a sub-
set of LHD respondents who would be willing
to participate in a brief second survey con-
ducted by NEHA (data not included here) to
test the draft learning modules.

LHDs can have jurisdiction over several
types of service areas and as such, NEHA
evaluated service areas as rural, urban, sub-
urban, or mixed to see if differences existed
in terms of the types of services requested,
education level, or interest in online train-
ing by service area. NEHA also examined the
proportion of respondents typically asked
to perform risk communication, risk assess-
ment, toxicology, epidemiology, and land
reuse/brownfields work according to the
level of education. NEHA shared the sum-
mary results of the survey with U.S. EPA and
ATSDR. No individuals were identified in the
summarized survey results. To obtain a more
refined statistical analysis, U.S. EPA further
assessed the summary survey results using
Stata version 13.

Results

Brownfields & Reuse Opportunity
Working Network Input Into
Environmental Health Resources
Self Learning Modules
BROWN members made several suggestions
to improve the learning modules, includ-
ing providing case examples in some of the
modules, emphasizing that the modules were
not intended to replace formal training, and
ensuring that all five modules were consis-
tent in format and utilized plain language.

National Environmental Health Association Local Health Department 
Survey Questions

# Question

1 Do you work at a local health department (LHD)?

2 What is the size of your service area in terms of population?

3 How would you describe your service area (urban, rural, suburban, territorial, other)?

4 How many employees work at your health department?

5 Do you work on environmental health and land reuse issues?

6 What is your title?

7 Do people ask for your help regarding environmental health AND land reuse/ 
brownfields issues?

8 If yes to question 7: Who requests your services? How often are you consulted? What services 
do you perform? 

9 If no to question 7: Is there someone else in your agency to whom these questions  
are referred?

10 Do you perform any of the following services: risk communication, risk assessment, toxicology 
assessments, epidemiology assessments, and consultations on land reuse/brownfields or 
hazardous waste sites?

11 Have you had any training in the following: risk communication, risk assessment, toxicology, 
epidemiology, and land reuse/brownfields or hazardous waste sites?
[A range of training levels from no formal training through advanced graduate degrees  
was included.]

12 If free, self-study, online training was available in the following topics, do you think it could 
increase your skills: all topics, risk communication, risk assessment, toxicology, epidemiology, 
and land reuse/brownfields or hazardous waste sites?

13 If you had an opportunity to test proposed online training in risk communication, risk 
assessment, epidemiology, toxicology, and land reuse/brownfields or hazardous waste sites, 
would you participate?

14 If you are willing to participate in a focus group to test proposed online training in risk 
communication, risk assessment, epidemiology, toxicology, and/or land reuse/brownfields or 
hazardous waste sites, please provide your contact information [name, company, city, state, 
e-mail address, and phone number].

TABLE 1
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Results of the National
Environmental Health Association’s
Local Health Department Survey
The NEHA survey had 109 respondents,
of which 93 (85%) indicated that they cur-
rently worked in a health department and 85
(91%) responded to survey questions pertain-
ing to their health department (Table 2). The
majority of respondents (68%) indicated that
they worked in relatively small LHDs (1–24
employees). Approximately 53% of the survey
participants indicated servicing a rural area,
20% a suburban area, and 19% a mixture of
rural, urban, suburban, or territorial areas.

The level of education or the type of activi-
ties requested did not differ among differ-
ent service areas (see supplemental tables at
www.neha.org/jeh/supplemental). The level
of education, however, varied with how often
services were requested of LHDs in risk com-
munication, risk assessment, toxicology, epi-
demiology, and land reuse/brownfields (Fig-
ure 1). Of the respondents who performed
tasks within the five areas, a range of 5–75%
of LHD employees had no formal training.
Only 4 of 85 respondents performed toxicol-
ogy tasks, of which 75% had no formal train-
ing. Among LHD respondents who indicated
working on land reuse/brownfields issues,
almost 75% indicated having either no formal
education (e.g., college-level classes) or only
continuing education courses related to land
reuse/brownfields.

On the last question of the survey, 29
respondents indicated interest in testing the
draft ATSDR Environmental Health Resource
Self Learning Modules. NEHA randomly con-
tacted a subset of nine individuals and three
provided feedback. Their feedback indicated
that the learning modules ranged from some-
what to very useful and would be useful for
increasing their capacity in environmental
health and land reuse.

Discussion
ATSDR updated the Environmental Health
Resource Self Learning Modules to reflect
the changes suggested by BROWN mem-
bers. The survey conducted by NEHA pro-
vided valuable insight as to the capacity and
education attained among those working on
important community environmental health
issues. The survey results indicated mixed
levels of training completed by LHD staff in
five different areas of environmental health

National Environmental Health Association Local Health Department 
Survey Participant Characteristics (n = 85)

Characteristic # (%)

Number of health department employees

     1–24 58 (68.2)

     25–99 13 (15.3)

     100–249 6 (7.1)

     250–499 6 (7.1)

     500–999 1 (1.2)

     ≥1,000 1 (1.2)

Type of service area

     Rural 45 (52.9)

     Suburban 17 (20.0)

     Rural/urban 7 (8.2)

     Urban 6 (7.1)

     Rural/urban/suburban 5 (5.9)

     Rural/suburban 3 (3.5)

     Rural/urban/suburban/territorial 1 (1.2)

Population of health department service area

     0–4,999 3 (3.5)

     5,000–24,999 33 (38.8)

     25,000–99,999 27 (31.2)

     100,000–499,999 15 (17.7)

     500,000–999,999 2 (2.35)

     ≥1,000,000 5 (5.9)

Job title

     Director of public health 26 (30.6)

     Sanitarian 11 (12.9)

     Health officer 9 (10.6)

     Director of environmental health 6 (7.1)

     Environmental supervisor 6 (7.1)

     Health educator 4 (4.7)

     Health equity/planning/policy manager 4 (4.7)

     Public health nurse 4 (4.7)

     Engineer 3 (3.5)

     Environmental health scientist 3 (3.5)

     Dietician/nutritionist 2 (2.4)

     Health programs coordinator 2 (2.4)

     Program/section manager 2 (2.4)

     Administrative 1 (1.2)

     Food inspector 1 (1.2)

     No title 1 (1.2)

TABLE 2
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(Figure 1). Feedback on the use of the learn-
ing modules, while limited to only three LHD
survey respondents, was positive and indi-
cated that the modules were useful for pro-
viding knowledge about an unfamiliar topic
and giving LHD personnel confidence to
increase their skills in specifi c environmental
health topics pertaining to land reuse.

As awareness of brownfi elds and land reuse
sites increases, opportunities to engage LHDs
increases. LHD staff, with their proximity to
communities, can ensure the safe reuse of
land and assessment of potential exposures
to contaminants associated with brownfi elds
and land reuse sites. Through BROWN,
ATSDR, U.S. EPA, NEHA, and other partners

intend to collaborate with other stakeholders
to continue to help build capacity of LHDs
to engage in environmental health and land
reuse work.

One outcome is a newly developed ATSDR–
NEHA Environmental Health and Land
Reuse (EHLR) Certifi cate Program that will
be completed in late spring 2019 and will
subsequently be available as free training for
environmental professionals, such as those in
LHDs, to further increase their understanding
of and skills in environmental health and land
reuse. Participants who successfully complete
the training will be eligible for continuing
education credits from ATSDR and a Certifi -
cate of Completion in EHLR issued by NEHA.
Ultimately, we hope all the tools and resources
geared towards educating LHDs in environ-
mental health and land reuse lead to increased
abilities to perform a range of environmental
health services and improved overall public
health in local communities.

Corresponding Author: Laurel Berman, Envi-
ronmental Health Scientist, Agency for Toxic
Substances and Disease Registry, 4770 Buford
Highway, NE, Building 106, Atlanta, GA
30341-3717. E-mail: laberman@cdc.gov.

Reference
National Association of County and City

Health Offi cials. (2014). 2013 national pro-
fi le of local health departments. Washing-
ton, DC: Author.
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FIGURE 1

Employers increasingly require a professional 
credential to verify that you are qualifi ed and trained to 
perform your job duties. Credentials improve the visibility 
and credibility of our profession and they can result in 
raises or promotions for the holder. For 80 years, NEHA 
has fostered dedication, competency, and capability 
through professional credentialing. We provide a path 
to those who want to challenge themselves and keep 
learning every day. Earning a credential is a personal 
commitment to excellence and achievement. 

Learn more at
neha.org/professional-development/credentials.

A credential today can improve all your tomorrows.

JEH5.19_PRINT.indd  39 4/4/19  9:36 AM



40 Volume 81 • Number 9

A D VA N C E M E N T  O F  T H E  PRACTITIONER

EH C A L E N D A R

UPCOMING NEHA CONFERENCES

July 9–12, 2019: NEHA 2019 Annual Educational Conference 
& Exhibition, Nashville, TN. For more information, visit www.
neha.org/aec.

July 13–16, 2020: NEHA 2020 Annual Educational Conference 
& Exhibition, New York, NY.

July 12–15, 2021: NEHA 2021 Annual Educational Conference 
& Exhibition, Spokane, WA.

NEHA AFFILIATE AND REGIONAL LISTINGS

Alabama
October 16–18, 2019: Annual Conference, hosted by the 
Alabama Environmental Health Association, Lake Eufaula, AL. 
For more information, visit www.aeha-online.com.

Colorado
September 17–20, 2019: Annual Education Conference, 
hosted by the Colorado Environmental Health Association, 
Keystone, CO. For more information, visit www.cehaweb.com.

Florida
July 30–August 2, 2019: Annual Education Meeting, hosted 
by the Florida Environmental Health Association, Howey in the 
Hills, FL. For more information, visit www.feha.org/events.

Georgia
June 12–14, 2019: Annual Education Conference, hosted by the 
Georgia Environmental Health Association, Stone Mountain, GA. 
For more information, visit www.geha-online.org.

Illinois
April 30–May 1, 2019: IEHA Central Chapter Annual 
Educational Conference, hosted by the Central Chapter of the 
Illinois Environmental Health Association, Normal, IL. For more 
information, visit http://ieha.coffeecup.com/calendar.html.

Minnesota
May 9–10, 2019: Spring Conference, hosted by the Minnesota 
Environmental Health Association, Deerwood, MN. For more 
information, visit https://mehaonline.org.

Montana
September 17–18, 2019: 2019 MPHA/MEHA Conference, 
hosted by the Montana Public Health and Environmental Health 
Associations, Bozeman, MT. For more information, visit 
www.mehaweb.org.

Nebraska
September 25–26, 2019: NEHA Region 4 Fall Conference, 
hosted by the Nebraska Environmental Health Association, 
Omaha, NE. For more information, visit 
www.nebraskaneha.com/region4conference.html.

North Carolina
May 14, 2019: Spring Educational Conference, hosted by the 
North Carolina Public Health Association, Raleigh, NC. For more 
information, visit https://ncpha.memberclicks.net.

Texas
October 14–18, 2019: 64th Annual Educational Conference, 
hosted by the Texas Environmental Health Association, Austin, 
TX. For more information, visit www.myteha.org.

Utah
May 8–10, 2019: Spring Conference, hosted by the Utah 
Environmental Health Association, Cedar City, UT. For more 
information, visit www.ueha.org/events.html.

Washington
May 6–8, 2019: 67th Annual Educational Conference, hosted by 
the Washington State Environmental Health Association, Yakima, 
WA. For more information, visit www.wseha.org.

Wisconsin
October 16–18, 2019: Annual Educational Conference, hosted 
by the Wisconsin Environmental Health Association, Elkhart 
Lake, WI. For more information, visit www.weha.net.

TOPICAL LISTING

Water Quality
September 11–13, 2019: Legionella Conference 2019, presented 
by NSF International and the National Environmental Health 
Association, Los Angeles, CA. For more information, 
visit www.legionellaconference.org.   

?
Healthy and Safe Swimming Week is May 20–26. This year’s theme is 
“Pool Chemistry for Healthy and Safe Swimming.” The week highlights 
the roles that swimmers, parents of young swimmers, aquatics and beach 
staff, residential pool owners, and public health offi cials play in preventing 
disease outbreaks, drowning, and pool chemical injuries. Learn more at 
www.cdc.gov/healthywater/observances/hss-week.

Did You 
Know?
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CAREER OPPORTUNITIES
Food Safety Inspector
UL Everclean is a leader in retail inspections. We offer opportunities across the country. We currently have openings for trained professionals to 
conduct audits in restaurants and grocery stores. Past or current food safety inspection experience is required.

If you are interested in an opportunity near you, please send your resume to Attn: Sethany Dogra at Lst.Ras.Resumes@ul.com or visit our 
website at www.evercleanservices.com. 
In addition to food safety inspectors, we are also looking for GMP auditors for OTC, dietary supplement, and medical device applications. 
If interested, contact Diane Elliott at Diane.Elliott@ul.com to apply or receive further information. 

United States
Albany, NY
Albuquerque, NM
Allentown, PA
Amarillo, TX
Anaheim, CA
Bakersfi eld, CA
Bellingham, WA
Bend, OR
Billings, MT
Birmingham, AL
Boise, ID

Boston, MA
Buffalo, NY
Cedar Rapids, IA
Charleston, SC
Chicago, IL
Coeur d’Alene, ID
Corpus Christi, TX
Eugene, OR
Eureka, CA
Fresno, CA
Galveston, TX
Grand Junction, CO

Grand Rapids, MI
Harrisburg, PA
Honolulu, HI
Houston, TX
Idaho Falls, ID
Little Rock, AR
Long Beach, CA
Los Angeles, CA
Lubbock, TX
Miami, FL
Midland, TX
Milwaukee, WI

Missoula, MT
Montgomery, AL
Oakland, CA
Odessa, TX
Orlando, FL
Owatonna, MN
Pasadena, CA
Philadelphia, PA
Phoenix, AZ
Portland, OR
Providence, RI
Rapid City, SD

Richmond, VA
Rochester, NY
Saint Louis, MO
San Francisco, CA
San Jose, CA
San Pedro, CA
Santa Maria, CA
Santa Monica, CA
Seattle, WA
Shreveport, LA
Sioux Falls, SD
Syracuse, NY

Tucson, AZ
Tulsa, OK
Wichita, KS
Yuma, AZ

Canada
British Columbia
Calgary
Montreal
Toronto
Vancouver
Winnipeg

Find a Job
Fill a Job

Where the 
“best of the best” consult... 

N E H A ’ s 
C a r e e r  C e n t e r

First job listing FREE

for city, county, and 

state health departments 

with a NEHA member and for 

active NEHA educational and 

sustaining members.

For more information, please 

visit neha.org/careers.

NEHA has transitioned its online courses, trainings, webinars, and other resources 
to an upgraded learning management system. The new platform is free to all 
active NEHA members. Visit www.neha.org/professional-development/education-
and-training/neha-e-learning for more information. 

Did You 
Know? ?

NEHA has transitioned its online courses, trainings, webinars, and other resources 

?
NEHA has transitioned its online courses, trainings, webinars, and other resources 
to an upgraded learning management system. The new platform is free to all ?to an upgraded learning management system. The new platform is free to all ?active NEHA members. Visit www.neha.org/professional-development/education-?active NEHA members. Visit www.neha.org/professional-development/education-
and-training/neha-e-learning for more information. ?and-training/neha-e-learning for more information. 
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RESOURCE CORNER

Resource Corner highlights different resources that NEHA has available to meet your education and 
training needs. These timely resources provide you with information and knowledge to advance your 
professional development. Visit NEHA’s online Bookstore for additional information about these and 
many other pertinent resources!

REHS/RS Study Guide (4th Edition)
National Environmental Health Association (2014)

The Registered Environmental Health 
Specialist/Registered Sanitarian (REHS/RS) 
credential is National Environmental 
Health Association’s (NEHA) premier 
credential. This study guide provides a tool 
for individuals to prepare for the REHS/RS 
exam and has been revised and updated to 
reflect changes and advancements in 
technologies and theories in the 

environmental health and protection field. The study guide covers 
the following topic areas: general environmental health; statutes 
and regulations; food protection; potable water; wastewater; solid 
and hazardous waste; zoonoses, vectors, pests, and poisonous 
plants; radiation protection; occupational safety and health; air 
quality; environmental noise; housing sanitation; institutions and 
licensed establishments; swimming pools and recreational facilities; 
and disaster sanitation.
308 pages / Paperback
Member: $149 / Nonmember: $179

Control of Communicable Diseases Manual 
(20th Edition)
Edited by David L. Heymann, MD (2015)

The Control of Communicable Diseases 
Manual (CCDM) is revised and republished 
every several years to provide the most 
current information and recommendations 
for communicable-disease prevention. The 
CCDM is designed to be an authoritative 
reference for public health workers in 
official and voluntary health agencies. The 
20th edition sticks to the tried and tested 
structure of previous editions. Chapters 
have been updated by international experts. 

New disease variants have been included and some chapters have 
been fundamentally reworked. This edition is an update to a 
milestone reference work that ensures the relevance and 
usefulness to every public health professional around the world. 
The CCDM is a study reference for NEHA’s REHS/RS and Certified 
Professional–Food Safety credential exams.
729 pages / Paperback
Member: $59 / Nonmember: $64 

Handbook of Environmental Health, Volume 1: 
Biological, Chemical, and Physical Agents of 
Environmentally Related Disease (4th Edition)
Herman Koren and Michael Bisesi (2003)

A must for the reference library of anyone in 
the environmental health profession, this 
book focuses on factors that are generally 
associated with the internal environment. It 
was written by experts in the field and 
copublished with NEHA. A variety of 
environmental issues are covered such as 
food safety, food technology, insect and 
rodent control, indoor air quality, hospital 
environment, home environment, injury 
control, pesticides, industrial hygiene, 

instrumentation, and much more. Environmental issues, energy, 
practical microbiology and chemistry, risk assessment, emerging 
infectious diseases, laws, toxicology, epidemiology, human 
physiology, and the effects of the environment on humans are also 
covered. Study reference for NEHA’s REHS/RS credential exam.
790 pages / Hardback
Volume 1: Member: $195 / Nonmember: $215
Two-Volume Set: Member: $349 / Nonmember: $379

Handbook of Environmental Health, Volume 2: 
Pollutant Interactions With Air, Water, and Soil 
(4th Edition)
Herman Koren and Michael Bisesi (2003)

A must for the reference library of anyone in 
the environmental health profession, this book 
focuses on factors that are generally associated 
with the outdoor environment. It was written 
by experts in the field and copublished with 
NEHA. A variety of environmental issues are 
covered such as toxic air pollutants and air 
quality control; risk assessment; solid and 
hazardous waste problems and controls; safe 
drinking water problems and standards; onsite 
and public sewage problems and control; 

plumbing hazards; air, water, and solid waste programs; technology 
transfer; GIS and mapping; bioterrorism and security; disaster 
emergency health programs; ocean dumping; and much more. Study 
reference for NEHA’s REHS/RS credential exam.
876 pages / Hardback
Volume 2: Member: $195 / Nonmember: $215
Two-Volume Set: Member: $349 / Nonmember: $379 
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Y O U R  ASSOCIATION

SPECIAL LISTING

National Officers

President—Vince Radke, MPH, RS,  
CP-FS, DLAAS, CPH, Environmental 
Health Specialist, Atlanta, GA. 
President@neha.org

President-Elect—Priscilla Oliver, PhD, 
Life Scientist, Atlanta, GA. 
PresidentElect@neha.org

First Vice-President—Sandra Long, 
REHS, RS, Environmental Health 
Manager, Town of Addison, TX. 
slong@addisontx.gov

Second Vice-President—Roy Kroeger, 
REHS, Environmental Health Supervisor, 
Cheyenne/Laramie County Health 
Department, Cheyenne, WY. 
roykehs@laramiecounty.com

Immediate Past-President—Adam 
London, MPA, RS, Health Officer,  
Kent County Health Department,  
Grand Rapids, MI. 
adamelondon@gmail.com

NEHA Executive Director—David 
Dyjack, DrPH, CIH, (nonvoting 
ex-officio member of the board of 
directors), Denver, CO.  
ddyjack@neha.org

Regional Vice-Presidents

Region 1—Matthew Reighter, MPH, 
REHS, CP-FS, Retail Quality Assurance 
Manager, Starbucks Coffee Company, 
Seattle, WA. 
mreighte@starbucks.com 
Alaska, Idaho, Oregon, and Washington. 
Term expires 2020.

Region 2—Jacqueline Reszetar, MS, REHS, 
Henderson, NV. 
Region2RVP@neha.org 
Arizona, California, Hawaii, and Nevada. 
Term expires 2021.

Region 3: Rachelle Blackham, MPH, 
LEHS, Environmental Health Deputy 
Director, Davis County Health Department, 
Clearfield, UT. 
Region3RVP@neha.org 
Colorado, Montana, Utah, Wyoming, 

and members residing outside of the U.S. 
(except members of the U.S. armed forces). 
Term expires 2021

Region 4—Kim Carlton, MPH, REHS/RS, 
Environmental Health Supervisor, Minnesota 
Department of Health, St. Paul, MN. 
Region4RVP@neha.org 
Iowa, Minnesota, Nebraska, North Dakota, 
South Dakota, and Wisconsin.  
Term expires 2019.

Region 5—Tom Vyles, REHS/RS, CP-FS, 
Environmental Health Manager, Town of 
Flower Mound, TX. 
Region5RVP@neha.org 
Arkansas, Kansas, Louisiana, Missouri, 
New Mexico, Oklahoma, and Texas. Term 
expires 2020. 

Region 6—Lynne Madison, RS, 
Environmental Health Division Director, 
Retired, L’Anse, MI. 
Region6RVP@neha.org 
Illinois, Indiana, Kentucky, Michigan,  
and Ohio. Term expires 2019.

Region 7—Tim Hatch, MPA, REHS, Deputy 
Director and Director of Logistics and 
Environmental Programs, Alabama 
Department of Public Health, Center for 
Emergency Preparedness, Montgomery, AL. 
Region7RVP@neha.org 
Alabama, Florida, Georgia, Mississippi, North 
Carolina, South Carolina, and Tennessee. 
Term expires 2020.

Region 8—LCDR James Speckhart, MS, 
USPHS, Health and Safety Officer, FDA, 
CDRH-Health and Safety Office, Silver 
Spring, MD.  
Region8RVP@neha.org 
Delaware, Maryland, Pennsylvania, Virginia, 
Washington, DC, West Virginia, and 
members of the U.S. armed forces residing 
outside of the U.S. Term expires 2021.

Region 9—Larry Ramdin, REHS, CP-FS, 
HHS, Director of Public Health, Watertown 
Health Department, Watertown, MA. 
Region9RVP@neha.org 
Connecticut, Maine, Massachusetts, New 
Hampshire, New Jersey, New York, Rhode 
Island, and Vermont. Term expires 2019.

Affiliate Presidents

Alabama—Camilla English, 
Environmental Supervisor, Baldwin 
and Escambia County Health Depts., 
Robertsdale/Brewton, AL. 
camilla.english@adph.state.al.us

Alaska—Lief Albertson, University of 
Alaska Fairbanks Cooperative Extension 
Service, Bethel, AK. 
liefalbertson@gmail.com

Arizona—Cheri Dale, MEPM, RS/REHS, 
Planner, Maricopa County Air Quality, 
Phoenix, AZ. 
cheridale@mail.maricopa.gov

Arkansas—Richard Taffner, RS. 
richard.taffner@arkansas.gov

Business and Industry—Traci 
Slowinski, REHS, CP-FS, Dallas, TX. 
nehabia@outlook.com

California—Jahniah McGill, Vallejo, CA. 
president@ceha.org

Colorado—Ben Metcalf, Tri-County 
Health Department, Greenwood  
Village, CO. 
bmetcalf@tchd.org

Connecticut—Jessica Fletcher, RS, REHS, 
Environmental Health Specialist, Mohegan 
Tribal Health Dept., Uncasville, CT. 
jfletcher@moheganmail.com

Florida—Latoya Backus, Largo, FL 
latoya.backus@gmail.com

Georgia—Jessica Badour. 
jessica.badour@agr.georgia.gov

Idaho—Sherise Jurries, Environmental 
Health Specialist Sr., Public Health–Idaho 
North Central District, Lewiston, ID. 
sjurries@phd2.idaho.gov

Illinois—David Banaszynski, 
Environmental Health Officer,  
Hoffman Estates, IL. 
davidb@hoffmanestates.org

Indiana—JoAnn Xiong-Mercado, 
Marion County Public Health Dept., 
Indianapolis, IN. 
jxiong@marionhealth.org

Iowa—Don Simmons, Laboratory 
Manager, State Hygienic Laboratory, 
Ankeny, IA. 
donald-simmons@uiowa.edu

Jamaica—Rowan Stephens,  
St. Catherine, Jamaica. 
info@japhi.org.jm

Kansas—Robert Torres, Pratt County 
Environmental Services, Pratt, KS. 
rtorres@prattcounty.org

Kentucky—Jessica Davenport, 
Kentucky Dept. of Public Health. 
jessica.davenport@ky.gov

Massachusetts—Robin Williams, 
REHS/RS, Framingham Dept. of Public 
Health, Marlborough, MA. 
robinliz2008@gmail.com

Michigan—Brian Cecil, BTC Consulting. 
bcecil@meha.net

Minnesota—Caleb Johnson, Planner 
Principal, Minnesota Dept. of Health, St. 
Paul, MN. 
caleb.johnson@state.mn.us

Missouri—Brian Keller. 
briank@casscounty.com

Montana—Dustin Schreiner.

National Capital Area—Kristen Pybus, 
MPA, REHS/RS, CP-FS, Fairfax County 
Health Dept., VA. 
NCAEHA.President@gmail.com

Nebraska—Sue Dempsey, MS, CPH, 
Administrator, Nebraska Dept. of Health 
and Human Services, Lincoln, NE. 
sue.dempsey@nebraska.gov

Nevada—Anna Vickrey. 
avickrey@agri.nv.gov

New Jersey—Lynette Medeiros, 
Hoboken Health Dept., Hoboken, NJ. 
president@njeha.org

New Mexico—Cecelia Garcia, MS, 
CP-FS,  Environmental Health Specialist, 
City of Albuquerque Environmental 
Health Dept., Albuquerque, NM. 
cgarcia@cabq.gov

North Carolina—Nicole Thomas. 
nthomas@moorecountync.gov

North Dakota—Grant Larson, Fargo 
Cass Public Health, Fargo, ND. 
glarson@cityoffargo.com 

Northern New England Environmental 
Health Association—Brian Lockard, 
Health Officer, Town of Salem Health 
Dept., Salem, NH. 
blockard@ci.salem.nh.us

Ohio—Garrett Guillozet, MPA, RS/
REHS, Franklin County Public Health, 
Columbus, OH 
garrettguillozet@franklincountyohio.gov

Oregon—William Emminger, REHS/RS, 
Corvallis, OR. 
bill.emminger@co.benton.or.us

Past Presidents—David E. Riggs, MS, 
REHS/RS, Longview, WA. 
davidriggs@comcast.net

Rhode Island—Dottie LeBeau, CP-FS, 
Food Safety Consultant and Educator, 

The board of directors includes 
NEHA’s nationally elected offi-
cers and regional vice-presidents. 
Affiliate presidents (or appointed 
representatives) comprise the Affili-
ate Presidents Council. Technical 
advisors, the executive director, and 
all past presidents of the association 
are ex-officio council members. This 
list is current as of press time.

LCDR James Speckhart, 
MS, USPHS

Region 8  
Vice-President

Tim Hatch,  
MPA, REHS

Region 7  
Vice-President

JEH5.19_PRINT.indd  44 4/4/19  9:36 AM



May 2019 • Journal of Environmental Health 45

Y O U R  ASSOCIATION

Dottie LeBeau Group, Hope, RI. 
deejaylebeau@verizon.net

South Carolina—Melissa Tyler, 
Environmental Health Manager II, 
SCDHEC, Cope, SC. 
tylermb@dhec.sc.gov

Tennessee—Kimberly Davidson, 
Chattanooga, TN. 
kimberly.davidson@tn.gov

Texas—Leisha Kidd-Brooks. 

Uniformed Services—MAJ Sean 
Beeman, MPH, REHS, CPH,  
Colorado Springs, CO. 
sean.p.beeman.mil@mail.mil

Utah—Nancy Davis, Salt Lake County, NV. 
ndavis@slco.org

Virginia—Sandy Stoneman, Food Safety 
Extension Agent, Virginia Cooperative 
Extension, Wytheville, VA. 
sandra.stoneman@virginiaeha.org

Washington—Mike Young, Snohomish 
Health District, Everett, WA. 
myoung@shohd.org

West Virginia—David Whittaker. 
david.g.whittaker@wv.gov

Wisconsin—Mitchell Lohr, Dept. 
of Agriculture, Trade, and Consumer 
Protection, Sauk City, WI. 
mitchell.lohr@wisconsin.gov

Wyoming—Stephanie Styvar,  
State of Wyoming Dept. of Agriculture, 
Riverton, WY. 
stephanie.styvar@wyo.gov

Technical Advisors

Air Quality—David Gilkey, PhD, 
Montana Tech University. 
dgilkey@mtech.edu

Aquatic Health/Recreational Health—
Tracynda Davis, MPH, Davis Strategic 
Consulting, LLC. 
tracynda@yahoo.com

Aquatic Health/Recreational Health— 
CDR Jasen Kunz, MPH, REHS, USPHS, 
CDC/NCEH. 
izk0@cdc.gov

Cannabis—Cindy Rice, MSPH, RS, 
CP-FS, CEHT, Eastern Food Safety. 
cindy@easternfoodsafety.com

Children’s Environmental Health—
Cynthia McOliver, MPH, PhD, U.S EPA. 
mcoliver.cynthia@epa.gov

Climate Change—Richard Valentine, 
Salt Lake County Health Dept. 
rvalentine@slco.org

Drinking Water—Craig Gilbertson, 
Minnesota Dept. of Health. 
craig.gilbertson@state.mn.us

Emergency Preparedness and 
Response—Marcy Barnett, MA, 

MS, REHS, California Dept. 
of Public Health, Center for 
Environmental Health. 
marcy.barnett@cdph.ca.gov

Emergency Preparedness and 
Response—Martin A. Kalis, CDC. 
mkalis@cdc.gov

Emerging General Environmental 
Health—Tara Gurge, Needham 
Health Dept. 
tgurge@needhamma.gov

Food (including Safety and 
Defense)—Eric Bradley, MPH, 
REHS, CP-FS, DAAS, Scott 
County Health Dept. 
eric.bradley@scottcountyiowa.com

Food (including Safety and 
Defense)—John Marcello, CP-FS, 
REHS, FDA. 
john.marcello@fda.hhs.gov

Food and Emergencies—Michele 
DiMaggio, REHS, Contra Costa 
Environmental Health. 
mdimaggi69@gmail.com

General Environmental Health—
Timothy Murphy, PhD, REHS/RS, 
DAAS, The University of Findlay. 
murphy@findlay.edu

Global Environmental Health—
Crispin Pierce, PhD, University of 
Wisconsin–Eau Claire. 
piercech@uwec.edu

Global Environmental Health—
Sylvanus Thompson, PhD, 
CPHI(C), Toronto Public Health. 
sthomps@toronto.ca

Government Representative—
Timothy Callahan, Georgia Dept. 
of Public Health. 
tim.callahan@dph.ga.gov

Industry—Nicole Grisham, 
University of Colorado. 
nicole.grisham@colorado.edu

Information and Technology—
Darryl Booth, MPA, Accela. 
dbooth@accela.com

Injury Prevention—Alan 
Dellapenna, RS, North Carolina 
Division of Public Health. 
alan.dellapenna@dhhs.nc.gov

Institutions—Robert W. Powitz, 
MPH, PhD, RS, CP-FS, R.W. 
Powitz & Associates, PC. 
powitz@sanitarian.com

Land Use Planning and Design/
Built Environment—Kari 
Sasportas, MSW, MPH, REHS/RS, 
Town of Lexington. 
ksasportas@lexingtonma.gov

Land Use Planning and Design/
Built Environments—Robert 
Washam, MPH, RS. 
b_washam@hotmail.com

Leadership—Robert Custard, 
REHS, CP-FS, Environmental 
Health Leadership Partners, LLC. 
bobcustard@comcast.net

Onsite Wastewater—Sara 
Simmonds, MPA, REHS, Kent 
County Health Dept. 
sara.simmonds@kentcountymi.gov

Premise Plumbing—Andrew 
Pappas, MPH, Indiana State Dept. 
of Health. 
APappas@isdh.IN.gov

Radiation/Radon—Robert Uhrik, 
South Brunswick Township  
Health Dept. 
ruhrik@sbtnj.net

Uniformed Services—Welford 
Roberts, MS, PhD, RS, REHS, 
DAAS, Edaptive Computing, Inc.  
welford@erols.com

Vector Control/Zoonotic Diseases—
Mark Beavers, MS, PhD,  
Rollins, Inc. 
gbeavers@rollins.com

Vector Control/Zoonotic Diseases—
Christine Vanover, MPH, REHS, CDC 
NCEH/ATSDR. 
npi8@cdc.gov 

Vector Control/Zoonotic Diseases—
Tyler Zerwekh, MPH, DrPH, REHS, 
Shelby County Health Dept. 
tyler.zerwekh@shelbycountytn.gov

Water Quality—Maureen Pepper, 
Idaho Dept. of Environmental Quality. 
maureen.pepper@deq.idaho.gov

Women’s Issues—Michéle Samarya-
Timm, MA, HO, MCHES, REHS, 
DLAAS, Somerset County Dept. of Health. 
samaryatimm@co.somerset.nj.us

NEHA Staff:  
(303) 756-9090

Seth Arends, Graphic Designer, NEHA 
Entrepreneurial Zone (EZ), ext. 318, 
sarends@neha.org 

Jonna Ashley, Association Membership 
Manager, ext. 336, jashley@neha.org

Rance Baker, Director, NEHA EZ, ext. 
306, rbaker@neha.org

Trisha Bramwell, Sales and Training 
Support, NEHA EZ, ext. 340, 
tbramwell@neha.org

Natalie Brown, Project Coordinator, 
Program and Partnership Development 
(PPD), nbrown@neha.org

Kaylan Celestin, Public Health 
Associate, ext. 320, kcelestin@neha.org

Renee Clark, Accounting Manager, ext. 
343, rclark@neha.org

Lindsi Darnell, Executive Assistant, ext. 
347, ldarnell@neha.org

Natasha DeJarnett, Research 
Coordinator, PPD, ndejarnett@neha.org 

Kristie Denbrock, Chief Learning 
Officer, ext. 313, kdenbrock@neha.org

Joyce Dieterly, Evaluation Coordinator, 
PPD, ext. 335, jdieterly@neha.org

David Dyjack, Executive Director, ext. 301, 
ddyjack@neha.org

Santiago Ezcurra, Media Production 
Specialist, NEHA EZ, ext. 342,  
sezcurra@neha.org

Soni Fink, Sales Manager, ext. 314, 
sfink@neha.org

Sarah Hoover, Credentialing Manager, 
ext. 328, shoover@neha.org

Arwa Hurley, Website and Digital Media 
Manager, ext. 327, ahurley@neha.org

Ayana Jones, Project Coordinator, PPD, 
ajones@neha.org

Elizabeth Landeen, Associate Director, 
PPD, elandeen@neha.org

Angelica Ledezma, AEC Manager,  
ext. 302, aledezma@neha.org

Matt Lieber, Database Administrator, 
ext. 325, mlieber@ne ha.org

Bobby Medina, Credentialing Dept. 
Customer Service Coordinator, ext. 310, 
bmedina@neha.org

Marissa Mills, Human Resources 
Manager, ext. 304, mmills@neha.org

Alexus Nally, Member Services 
Representative, ext. 300, atnally@neha.org

Eileen Neison, Credentialing Specialist, 
ext. 339, eneison@neha.org

Carol Newlin, Credentialing Specialist, 
ext. 337, cnewlin@neha.org

Christine Ortiz Gumina, Project 
Coordinator, PPD, cortizgumina@neha.org

Barry Porter, Financial Coordinator, 
ext. 308, bporter@neha.org

Kristen Ruby-Cisneros, Managing 
Editor, Journal of Environmental Health, 
ext. 341, kruby@neha.org

Allison Schneider, CDC Public Health 
Associate, PPD, ext. 307,  
aschneider@neha.org

Robert Stefanski, Marketing and 
Communications Manager, ext. 344, 
rstefanski@neha.org

Reem Tariq, Project Coordinator, PPD, 
ext. 319, rtariq@neha.org

Christl Tate, Training Logistics 
Manager, NEHA EZ, ext. 305, ctate@
neha.org 

Sharon Unkart, Associate Director, 
NEHA EZ, ext. 317, sdunkart@neha.org

Gail Vail, Director, Finance, ext. 309, 
gvail@neha.org

Sandra Whitehead, Director, PPD, 
swhitehead@neha.org

Nicholas “Cole” Wilson, Administrative 
Support Specialist, EZ, ext. 311, 
nwilson@neha.org

Joanne Zurcher, Director, Government 
Affairs, jzurcher@neha.org 
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83rd ANNUAL EDUCATIONAL
CONFERENCE & EXHIBITION
Nashville, Tennessee     July 9 - July 12

Full details and speaker bios at
NEHA.ORG/AEC/SPEAKERS.

Choose From Over 200 Insightful and 
Interactive Sessions in a Variety of Current and 

Emerging Environmental Health Topics!

Network with your peers and environmental health leaders and learn about the latest 
trends and environmental health topics. Over 200 educational sessions will be offered 

focusing on a variety of issues including hurricane disaster relief efforts, food safety 
emerging issues such as retail and home restaurants, developments in climate and 
health, infectious and vectorborne diseases, healthy communities, water, and more. 

     CLOSING SESSION
       New Threats, New Techniques,
       New Strategies: The Changing Face
      of Vector Management
    Grayson C. Brown, PhD
  Executive Director,
Puerto Rico Vector Control

GRAND SESSION KICKOFF
  A Profession United?
    The Evolution of Environmental Health
     Anne Godfrey, CCMI FCIM
     Chief Executive,
     Chartered Institute of
    Environmental Health,
   London, UK

      KEYNOTE ADDRESS
       Creating a Voice to Protect the Nation
        From 21st Century Health Security Threats      
        Robert Kadlec, MS, MTM&H, MD
        Assistant Secretary for Preparedness and 
      Response, U.S. Department of Health and Human 
     Services, Washington, DC 

FEATURED SPEAKERS

HURRICANE DISASTER RELIEF
Learn how environmental and public health professionals help keep residents

healthy, safe, and informed in the aftermath of a hurricane disaster.

Don’t miss the Rebuilding Post-Hurricane Environmental Health Systems
in the U.S. Virgin Islands and Puerto Rico session, featuring highlights

of grant-funded projects in partnership with NEHA and CDC.

FOOD SAFETY
A variety of food safety topics will be offered including retail

and home restaurants, cannabis, and food safety and defense.

Be sure to check out the food safety sessions hosted by the National Center for Environmental 
Health including: Improving Restaurant Food Safety; Critical Contributions; and Environmental 

Health Data That Inform Foodborne Illness Outbreak Prevention.

EMERGING ISSUES
Learn the latest hot topic issues such as Fentanyl Contamination, Exposure, Detection, Risk, and 
Decontamination; Weeding Out Public Health Risks of Cannabis; NEHA LeadHERship Sessions;

Per- and Polyfluoroalkyl Substances (PFAS)—Opportunities and Challenges;
and Food Freedom vs. Food Safety: AB 626, California’s Newest Law.

Other informative topics include Climate & Health, Data & Technology, Emergency Preparedness & 
Response, General Environmental Health, Healthy Communities, Infectious & Vectorborne

Diseases, Special Populations, Water, and Workforce & Leadership.

The full interactive educational session agenda is now available online at
NEHA.ORG/AEC/SESSIONS.

LOCAL VOICES. UNIVERSAL LANGUAGE.C
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NEHA ORGANIZATIONAL MEMBERS
Sustaining Members

Advanced Fresh Concepts Corp. 

www.afcsushi.com

Allegheny County Health Department 

www.achd.net

American Chemistry Council 

www.americanchemistry.com

Baltimore City Health Department, 

Office of Chronic Disease Prevention 

https://health.baltimorecity.gov/

programs/health-resources-topic

Bureau of Community and Children’s 

Environmental Health, Lead Program 

www.houstontx.gov/health/Environmental/

community_childrens.html

City of Independence 

www.ci.independence.mo.us

City of Racine Public Health Department 

http://cityofracine.org/Health

City of St. Louis Department of Health 

www.stlouis-mo.gov/government/

departments/health

Colorado Department of Public 

Health and Environment, Division 

of Environmental Health and 

Sustainability, DPU 

www.colorado.gov/pacific/cdphe/dehs

Diversey, Inc. 

www.diversey.com

Eastern Idaho Public Health 

Department 

www.phd7.idaho.gov

Ecolab 

www.ecolab.com

Georgia Department of Public Health, 

Environmental Health Section 

http://dph.georgia.gov/

environmental-health

Giant Eagle, Inc. 

www.gianteagle.com

GOJO Industries, Inc. 

www.gojo.com/foodservice

Green Home Solutions 

www.greenhomesolutions.com

Health Department of Northwest 

Michigan 

www.nwhealth.org

HealthSpace USA Inc 

www.healthspace.com

Hedgerow Software US, Inc. 

www.hedgerowsoftware.com

IAPMO R&T 

www.iapmort.org

Jackson County Environmental Health 

www.jacksongov.org/442/

Environmental-Health-Division

Jefferson County Public Health 

(Colorado) 

http://jeffco.us/public-health

Kanawha-Charleston Health 
Department 
http://kchdwv.org

LaMotte Company 
www.lamotte.com

Louisiana State Board of Examiners 
for Sanitarians 
www.lsbes.org

Multnomah County  
Environmental Health 
https://multco.us/health

Nashua Department of Health 
http://nashuanh.gov/497/
Public-Health-Community-Services

North Bay Parry Sound District 
Health Unit 
www.myhealthunit.ca/en/index.asp

NSF International 
www.nsf.org

Oklahoma Department of 
Environmental Quality 
www.deq.state.ok.us

Opportunity Council/Building 
Performance Center 
www.buildingperformancecenter.org

Otter Tail County Public Health 
https://ottertailcountymn.us/department/
environmental-health

Ozark River Portable Sinks 
www.ozarkriver.com

Procter & Gamble Co. 
www.us.pg.com

SAI Global, Inc. 

www.saiglobal.com

Salcor, Inc. 

jscruver@aol.com

Seattle & King County Public Health 

www.kingcounty.gov/depts/health.aspx

Starbucks Coffee Company 

www.starbucks.com

Steritech Group, Inc. 

www.steritech.com

Sweeps Software, Inc. 

www.sweepssoftware.com

Taylor Technologies, Inc. 

www.taylortechnologies.com

Texas Roadhouse 

www.texasroadhouse.com

Thurston County Public Health  

and Social Services Department 

www.co.thurston.wa.us/health

Tri-County Health Department 

www.tchd.org

Tyler Technologies 

www.tylertech.com

Washington County Environmental 

Health (Oregon) 

www.co.washington.or.us/hhs/

environmentalhealth

Yakima Health District 

www.yakimacounty.us/275/Health-

District   

Note. As of October 1, 2018, NEHA no longer offers organizational memberships. We will continue to print this section in the Journal to honor  
the membership benefits due to these listed organizations until their memberships expire. For more information about NEHA membership, visit 
www.neha.org/membership-communities/join.

THANK YOU  
for Supporting
the NEHA/AAS
Scholarship Fund

American Academy  
of Sanitarians
Louis E. Anello
Thomas E. Arbizu
Gary Baker
James J. Balsamo, Jr.
D. Gary Brown
Kimberley Carlton
Valerie Cohen
John Coulon
Wiles C. Edison
EKS&H LLLP
Eric S. Hall
Donna M. Houston
Lara Kirtley

Maria G. Lara

Morgan Lawson

Matthew A. Lindsey

Sandra M. Long

Lynette Medeiros

George A. Morris

Priscilla Oliver

Mindy Olivera

Carey A. Panier

Robert W. Powitz

Kristen Pybus

Vince Radke

Faith M. Ray

Richard L. Roberts

Welford C. Roberts

Deborah M. Rosati

Labib Sarikin Samari

Zia Siddiqi

Stephen Spence

M.L. Tanner

Robert Torres

Constantine Unanka

Leon Vinci

Dawn Whiting

Donald B. Williams

Regina Young

Webster Young

Linda L. Zaziski

To donate ,  
visit www.neha.org/about-neha/donate.
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ddyjack@neha.org
Twitter: @DTDyjack

directors in large urban centers and infl uen-
tial jurisdictions. These respected profession-
als are NEHA members. I contend there are 
three attributes that make us natural leaders.

First, many of us have cultivated political 
savvy as a function of our jobs. We weave, 
bob, and broker conversations among the 
regulated community and elected offi cials. 
We understand the concerns of families and 
the public at large.

Second, we literally speak the language of 
our local constituents. How else could we 
effectively communicate expectations around 
compliance and best practice? In fact, I fl oat 
the proposition that Darwinian forces, once 
applied, result in environmental health direc-
tors that excel in communication. We know 
how to work with our constituents and 
understand what motivates them.

Third, we spend most of our time in our 
business and regulated communities, not in 
an offi ce. Most of us are detailed oriented. 
We generally have strong science educations. 
We know where the environmental risk fac-
tors exist in our regions. Who else would 
you want in the room if resource and per-
sonnel decisions need to be made to protect 
and promote the public’s health? I’d want an 
informed, educated, and experienced leader.

Ecological Fallacy #3: 
Environmental Health Is Not 
Part of Emergency Preparedness 
and Response
Ladies and gentlemen, I hear this sentiment 
frequently, particularly in federal government 
circles. For example, environmental health 
is not specifi cally mentioned in the exist-
ing version of the Pandemic and All-Hazards 
Preparedness Act. Currently there is a notable 
absence of a Public Health Emergency Pre-
paredness environmental health capability. It 
would seem at fi rst blush from the national 

perspective that there is no role for us. Of 
course, this is patently untrue at the local level.

Who makes decisions about reoccupancy 
of smoke-damaged homes adjacent to wild-
fi res? Who assists 20% of the public who use 
decentralized water sources after localized 
floods? When is the day care facility safe 
to reoccupy after a roof leak or sewage line 
break? Who better understands risk factors 
for norovirus in temporary shelters? The 
environmental health profession is an inti-
mate and central player in emergency pre-
paredness and response at the local level.

Ecological Fallacy #4: We Have 
the Data
On the face of it, environmental health profes-
sionals have plenty of data. In fact, a large frac-
tion of public health data is environmentally 
oriented. For those of you in local and state gov-
ernment, you are familiar with Public Health 
Accreditation Board requirements. According 
to reputable sources, our profession generates 
much of the data used in Public Health Accredi-
tation Board accreditation efforts.

Citizen scientists are quickly overtaking 
our monopoly of data collection and report-
ing. Websites and apps where citizen scientists 
report everything from ticks to foodborne illness 
are becoming increasingly common. Environ-
mental health data are no longer solely within 
our control. Contemporary public health data 
are increasingly asymmetrical, dynamic, con-
tinuous, and reported immediately. I attended 
two excellent presentations earlier this week at 
the Oregon Environmental Health Association’s 
conference. Both were focused on shoreline and 
aquatic health and safety, and both highlighted 
the important role of citizens in promoting our 
collective health and safety.

There are many urban legends and ecologi-
cal fallacies about our profession that merit 
our attention. When everyone accepts the 
prevailing wisdom, no one thinks very much. 
Don’t let that happen to you. 
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The National Environmental Health Association’s executive director in an underground coal mine, 
circa 1991. Photo courtesy of David Dyjack.

?
This year you can strengthen NEHA by participating in the Be a Beacon for 
NEHA Membership campaign! A growing NEHA means greater prominence 
for environmental health, more resources and support for members, and 
a larger community to tap into for support, collaboration, and friendship. 
Learn more about the campaign at www.neha.org/nehabeacon.

Did You 
Know?
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NSF® CERTIFICATION
NSF® Certifi cation is a key  factor separating 
Ozark River  Portable Sinks® from its competitors. 
NSF® is the most recognized sanitation standard 
in many industries. Certifi cation is critical to help 
ensure Ozark River Portable Sinks® complies 
with most state and local handwashing codes.

ENERGY AND WATER SAVINGS
Our reliable, instant hot water system uses a minimal 
amount of energy to heat the water. No preheating 
of water is required. Sinks also dispense a sensible 
1/2 gallon of water per minute (GPM), providing a 
perfect, economical stream of water for handwashing 
while conserving precious water resources.

Portable, Hot Water 
Hand Washing Stations

HOT WATER SYSTEM ON-DEMAND
Instant, economical Hot Water 
System heats only when needed. 

5 GALLON FRESH WATER TANK
FDA certifi ed. No cross 
contamination.

6 GALLON WASTE WATER TANK
FDA certifi ed. 17% overfl ow 
capacity.

FRONT SAFETY LOCKING CASTERS
NSF certifi ed casters with 
front safety brakes.

QUICK CONNECT 
NSF certifi ed Fresh Water 
Tank connection.

ADA COMPLIANT WRIST HANDLES

TOP-FILL LIQUID SOAP DISPENSER
M-FOLD TOWEL DISPENSER
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B rooks Brothers suits. Seven-fold Ital-
ian silk ties. Merino wool jackets and 
skirts. Jimmy Choo shoes. Associa-

tion executive director events are predomi-
nantly a display of status.

Most, but not all, of my colleagues at these 
events are professional association executives. 
They lead their professions, often very effec-
tively. In most cases, however, they are not 
part of the profession. Medical associations 
might not be led by a physician. Engineering 
associations might not be led by a professional 
engineer. This occurrence does not mean these 
executives are less committed to their mem-
bers. On the contrary, they can be very com-
mitted, but yet are not part of the profession. If 
you were to drop in on one of these events, you 
would likely draw a conclusion about associa-
tion executive directors. They are professional 
chief executive offi cers and not subject matter 
experts. Now, consider the National Environ-
mental Health Association’s (NEHA) executive 
director, yours truly.

I have worked in environmental health 
and safety for over 30 years. Along the way 
I have personally collected hundreds of lead 
samples from fi ring ranges, paint, water, and 
soil. I spent years conducting indoor air qual-
ity assessments in hospitals, schools, and 
day care centers. I’ve assessed carbon mon-
oxide exposure to U.S. Secret Service person-
nel, measured solvent exposure in refi nery 
workers, and wrote an oil spill health and 
safety plan for the North Atlantic and Gulf 
of Mexico. I share this past work with you 
to illustrate an ecological fallacy. What might 
be generally true about executive directors 

(i.e., they are not subject matter experts), 
might not be true at the individual level. An 
ecological fallacy occurs when group data are 
used to draw conclusions about individuals.

Ecological fallacies are abundant in our 
profession. I’m going to use this column to 
shine a light on a few prominent ones and 
I’m confi dent you have a few of your own. 
Let’s start with one that is certain to perplex 
many of you.

Ecological Fallacy #1: There Is a 
Public Health Workforce Crisis
There is no workforce crisis. There is, on the 
other hand, a case to be made that there is a 
leadership and human resource management 
crisis. It was 2006 when Dr. Linda Rosen-
stock, the dean of the University of Califor-
nia, Los Angeles School of Public Health, 
fi rst introduced this idea in my professional 
sphere. The general notion was that our 
country was on the leading edge of a national 
wave of Nixon-era professional retirements 

and that the workforce would soon lose its 
intellectual capital. The argument had merit.

Fast forward 13 years and we remain mired 
in some derivative of the same conversation. 
At the same time, the National Center for 
Education Statistics reports that the second 
largest undergraduate enrollment in the U.S. 
is health and health services, coming in at 
around 228,000 individuals. While not all 
will choose public health or environmental 
health, that is a sizeable student population. 
At the graduate level, health professions rep-
resent the third largest student cohort behind 
business and education.

There is plenty of skilled and educated tal-
ent waiting to ascend into leadership in the 
public and private sectors. We hypothesize 
the very long hiring processes (particularly 
in the governmental sector), coupled with 
noncompetitive salaries and not a paucity of 
potentially qualifi ed applicants, to be the cri-
sis. Existing leaders at the local level should 
make it a priority to address salary and hiring 
bottlenecks and watch this issue self-resolve.

Ecological Fallacy #2: There 
Are Limited Opportunities for 
Leadership in Environmental 
Health
Approximately 15–20% of all local county 
and city health offi cials are registered envi-
ronmental health professionals and/or regis-
tered sanitarians. I acknowledge that a large 
fraction of those leaders resides in rural and 
frontier communities; however, I personally 
know public health and healthcare agency 

David Dyjack, DrPH, CIH

Ecological Fallacies
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When everyone 
accepts the 

prevailing wisdom, 
no one thinks 
very much.
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HealthSpace CS Pro helps 
Angie, and it can help you, too.

Last year Angie Clark did over 500 routine 
inspections, almost 100 complaint inspections, 
5 Court dates, logged 3,000 travel miles and quite 
possibly prevented dozens of illnesses.

When Angie makes a call, her work is available 
to the department and the public within minutes. 
She always has the information she needs for 
maximum productivity and accuracy. Facilities are
never missed and high-hazard establishment inspections 
are never late.

That’s why she is never without her tablet
and HealthSpace CS Pro.

Contact us today

HS
TOUCH

She doesn’t take chances. The communities she serves depend on her to do more 
inspections under an increasingly difficult workload and conditions. In the office 
or on the road, she demands the most from her tools and equipment.

helps 
Angie, and it can help you, too.

Court dates, logged 3,000 travel miles and quite 
possibly prevented dozens of illnesses.

When Angie makes a call, her work is available 
to the department and the public within minutes. 

maximum productivity and accuracy. Facilities are
never missed and high-hazard establishment inspections 

That’s why she is never without her tablet

She doesn’t take chances. The communities she serves depend on her to do more 
inspections under an increasingly difficult workload and conditions. In the office 
or on the road, she demands the most from her tools and equipment.

HealthSpace.com
sales@healthspace.com

ANGIE = A Nom-de-plume Genuine Inspector Environmentalist, and these results reflect actual activity by Inspectors using HealthSpace CS Pro.
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