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Airbnb is the world’s 
leading platform for 
peer-to-peer (P2P) 
short-term housing 
rentals. Airbnbs 
are typically used 
as an alternative to 
a stay in a hotel or 
other traditional 
hospitality offer-
ings. This month’s 

cover article, “Assessing Potential Public Health 
Concerns in Airbnb Venues in Four Canadian 
Cities,” examined the prevalence of important 
amenities relevant to public health such as 
smoke alarms, carbon monoxide detectors, fire 
extinguishers, and first aid kits, as well as if 
smoking is allowed and if breakfast is served. 
The article found that many Airbnb venues in 
Canada have conditions that could pose a health 
risk to guests. These results highlight the need 
for government agencies to take into account 
public health concerns when regulating the P2P 
housing marketplace.
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Sandra Long, REHS, RS

COVID-19: Science 
Versus Politics

 PRESIDENT’S MESSAGE

T he struggle between science and poli-
tics is not new. The two have historical-
ly faced off numerous times for various 

reasons. As environmental health professionals, 
we look to science to guide our professional de-
cisions. At times, those of us who use science 
as a basis for our work can feel under attack 
by politicians who deny the science (e.g., cli-
mate change is not real) and refuse the advice 
or information provided by educated and repu-
table scientists. The goal of science is to search 
for more information to better understand the 
world around us and how we interact with it.

We have recently seen that researchers, envi-
ronmental scientists, and public health profes-
sionals have provided guidance and information 
on methods concerning COVID-19 prevention 
and reduction of its spread. The application of 
the advice fell to the political system and the 
actions and reactions of the general public.

Countries worldwide have handled the 
pandemic differently based on two things: 
science and politics. Each country has 
worked with the science, research, and tech-
nology they possess, as well as the political 
situation of the country. As a result, the mag-
nitude, duration, and impact of the virus has 
been unique to each country. There has not 
been a one-size-fi ts-all solution because we 
are not a one-size-fi ts-all world. Resources 
and politics are different, as is the application 
of the science and recommendations.

As we look at the events as they have 
unfolded this year, several questions come to 
mind. While scientists and political leaders 
were working together to fl atten the curve, 
was there a perception of success before it was 
actually achieved? Did politicians move too 
quickly to restart the economy? Should masks 

have been required from the beginning? These 
questions cannot be answered with science or 
politics alone—they must be considered with 
both science and politics. Government interac-
tions were utilized (politics) in the implemen-
tation of policy, as well as application of proto-
cols. While we each have our own answers and 
opinions on these questions, let us be sure to 
remember that our own individual viewpoints 
are infl uenced by both politics and science.

We have seen that education is a powerful 
tool. The challenge here is how do we edu-
cate, promote, or share scientifi c information 
in a way that infl uential politicians will gravi-
tate toward, accept, and utilize. The answer is 
actually simpler than you would image. We, 
as environmental health professionals, need 
to get engaged. We need to communicate with 
our policy makers on all levels, from local to 
national. In this manner we can effect change 
in policy. Providing education and sound infor-
mation to our local leaders is a beginning. Each 
of us is a voice for our profession. We can make 
a difference by contacting our mayors, local 
boards of health, and county and state leaders.

The environmental health profession needs 
to be a voice in the decision-making process 
to open restaurants and to keep processing 
facilities, schools, and retail operations safe, 

to name a few. We can provide education on 
how illness is spread and the measures to 
implement to keep people safe. Environmen-
tal health needs to be a part of the process in 
writing the protocols we are currently working 
under, as well as future policy change.

Question the science and guidance behind 
written protocols. I can tell you from expe-
rience that your voice will be heard. When 
Texas decided to reopen bars, the original 
protocol prohibited seating at the bar for 
consumption of beverages and food. That 
sounded reasonable. One question posed to 
the governor’s offi ce in regard to this protocol 
was why consumption was not prohibited at a 
bar located inside a restaurant. It was a simple 
question, loaded with science behind it, and 
it made policy makers reevaluate the decision. 
The protocol was changed for both restaurants 
and bars that same week. Different, reason-
able, and safer protective measures were put 
into place that applied science and education.

Coming back to science versus politics, can 
the two work well together? It is possible for 
the outcome of this union to be benefi cial to 
all. Environmental health professionals, how-
ever, need to be part of that equation to provide 
input from our experiences and education.

On a historical note regarding science and 
politics: President John F. Kennedy set a goal in 
1961 of landing a man on the moon and return-
ing him before the end of the decade. The goal 
was achieved on July 20, 1969, when Neil Arm-
strong and Edwin “Buzz” Aldrin landed on the 
moon and returned to the Earth on July 24. 

The environmental 
health profession 

needs to be a voice 
in the decision-
making process.

President@neha.org
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 I N T E R N AT I O N A L  P E R S P E C T I V E S

Introduction
The peer-to-peer (P2P) marketplace allows 
people to sell goods and services to others 
through connections facilitated by Web or 
smartphone application platforms. Airbnb 
has emerged as the global leader for P2P 
short-term property rentals (Jefferson-Jones, 
2016). Short-term accommodations brokered 
through Airbnb typically are used as an alter-

native to a stay in a hotel or other traditional 
hospitality offerings. In Canada, it is estimated 
that there are more than 100,000 Airbnb list-
ings generating $500 million in revenue for 
approximately 70,000 hosts (Grynol, 2017). 
Guests can choose from a variety of housing 
types listed on Airbnb including 1) a shared 
room, where guests could stay in a space with 
other people (akin to a hostel); 2) a private 

room, where guests would stay with a host 
or hosts in the same building or unit; or 3) 
an entire property, where guests would not 
share any spaces with the hosts.

Researchers have highlighted the impact 
Airbnb has had on housing costs and avail-
ability in several Canadian cities (Wachsmuth, 
Kerrigan, Chaney, & Shillolo, 2017). Some 
regions in Canada have created regulations 
with an effort to collect lost tax revenue that 
would have been collected had guests stayed 
in hotels (“Quebec reaches ‘landmark’ deal,” 
2017). Quebec law requires Airbnb hosts to 
obtain a permit from Quebec Tourism and hosts 
are expected to abide by housing regulations 
such as zoning rules (Government of Quebec, 
2020a). Other policy approaches at municipal 
levels, such as in Montreal (“City moves to 
restrict Airbnb,” 2018) and Toronto (City of 
Toronto, 2020), have been developed to com-
bat the high concentrations of P2P listings in 
neighborhoods that impact housing access and 
affordability. Housing is widely acknowledged 
as a key social determinant of health.

The P2P short-term housing sector has 
raised other public health concerns, includ-
ing guest exposure to tobacco smoke. One 
study examined whether smoking was 
allowed in Airbnb venues and found that it 
differed greatly across Canada, noting a rela-
tively high proportion of smoking allowed in 
properties in Montreal (Kennedy, Douglas, 
Stehouwer, & Dawson, 2018). Other public 
health concerns in Airbnb venues include a 
lack of fi re safety amenities such as smoke 
alarms, carbon monoxide detectors, and fi re 
extinguishers, as well as amenities such as the 
availability of fi rst aid kits to address injury. 
One study of 16 U.S. cities that included 

Abst ract Airbnb is the world’s leading platform for peer-to-

peer (P2P) short-term housing rentals. There are more than 100,000 Airbnb 

venues across Canada. Legislative efforts to regulate the P2P housing 

marketplace have not broadly considered public health impacts including 

injury prevention, tobacco smoke exposure, and food safety. Using publicly 

available data, our study quantifi ed the proportion of Airbnb venues 

in Vancouver, Toronto, Montreal, and Quebec City that report 1) having 

injury prevention amenities (smoke alarms, carbon monoxide detectors, fi re 

extinguishers, and fi rst aid kits); 2) allowing smoking; and 3) providing 

breakfast. Data were collected in May 2018 for 31,535 Airbnb venues in 

Vancouver (n = 6,385), Toronto (n = 15,722), Montreal (n = 6,702), and 

Quebec City (n = 2,726). Most venues reported having a smoke alarm 

(89%), approximately one half reported having a carbon monoxide detector 

(56%), and less than one half reported having a fi re extinguisher (47%) or 

fi rst aid kit (35%). A small proportion reported providing breakfast (13%) 

and fewer reported allowing smoking (4%). We found safety defi ciencies 

in thousands of Airbnb venues in these four cities. Would-be guests might 

be exposed to secondhand or thirdhand smoke in some Airbnb rentals. 

This study identifi ed thousands of venues that are serving food, which 

potentially presents challenges related to food safety. Government agencies 

should take into account public health concerns when regulating the P2P 

housing marketplace.

Hudson Robert Kennedy
River Hill High School

Cathy Egan, MBA, CPHI(C), CIC
Conestoga College Institute of 

Technology and Advanced Learning

Kevin Welding, PhD
Department of Health, Behavior, and 

Society, Johns Hopkins Bloomberg 
School of Public Health

Assessing Potential 
Public Health 
Concerns in Airbnb 
Venues in Four 
Canadian Cities
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more than 120,000 venues found that one 
fifth of Airbnbs did not have smoke alarms 
(20%), only approximately one half had car-
bon monoxide detectors (58%), and less than 
one half reported the presence of a first aid kit 
(36%) or a fire extinguisher (42%) (Kennedy, 
Jones, & Gielen, 2019).

Additionally, there are potential public 
health concerns from meals prepared by 
Airbnb hosts for their paying guests. As the 
name suggests, many Airbnb venues offer 
breakfast. The Airbnb Help Center reminds 
hosts that different countries, states, and cit-
ies have different licensing requirements and 
rules related to providing food for guests 
(Airbnb Help Center, 2020a). Hotels, bed 
and breakfasts, and other traditional hospi-
tality settings in Canada require food safety 
handling training for businesses preparing 
foods, and health inspectors can visit their 
premises to ensure food preparation environ-
ments meet standards (Wood, 2019).

Our study assessed potential public health 
concerns in Airbnbs in four Canadian cit-
ies, examining specifically the prevalence of 
important amenities relevant to public health 
such as smoke alarms, carbon monoxide 
detectors, fire extinguishers, and first aid 
kits. Further, this study reports the percent-
age of venues that describe in their house 
rules if smoking is allowed. Finally, our study 
determined the percentage of venues that 
reported offering breakfast for their guests. 
Taken together, these findings can inform 
how regulations could support public health. 

Methods

Sample
All data were used with permission from 
Inside Airbnb (n.d.), an independent website 
that compiles publicly available information 
from Airbnb listings reported by hosts. The 
data for this study were collected by Inside 
Airbnb during May 2018. Within this sam-
ple, venues that described themselves as bed 
and breakfasts were removed from the list 
because these properties were likely to be 
licensed already and subject to a range of 
public health regulations.

Variables of Interest
The following variables were used: city (Van-
couver, Toronto, Montreal, or Quebec); room 
type (shared room, private room, or entire 

home/apartment); breakfast served; and pres-
ence of the following venue amenities: smoke 
alarm, carbon monoxide detector, fire extin-
guisher, first aid kit, and if smoking is listed 
as allowed in the house rules.

Analysis
Proportions of the variables of interest were 
reported by room type and city. We analyzed 
the data using SPSS version 24. This study 
did not involve human subjects and there-
fore did not require review by an institutional 
review board.

Results
The sample included 31,535 venues with the 
following distribution across the four cities: 
Vancouver, n = 6,385; Toronto, n = 15,722; 
Montreal, n = 6,702; and Quebec, n = 2,726. 
Most Airbnb venues in the sample (65%, n
= 20,643) were classified as entire homes or 
entire apartments, with approximately one 
third (33%, n = 10,371) classified as private 
rooms and only a few (<2%, n = 521) classi-
fied as shared rooms. 

Table 1 shows the percentage for each ame-
nity relevant to public health reported across 
the entire sample, as well as by city and 
room type. Our findings are discussed below, 
grouped by the public health areas of injury 
prevention, tobacco smoke, and food safety. 

Injury Prevention
We reviewed three amenities that are rel-
evant to fire safety: reported presence of 
smoke alarms, carbon monoxide detectors, 
and fire extinguishers. The reported presence 
of smoke alarms across the entire sample 
was 88.9% (n = 28,019). The city with the 
highest reported prevalence of smoke detec-
tors was Quebec (92.6%, n = 2,523) and the 
lowest was Montreal (83.1%, n = 5,571). The 
reported presence of carbon monoxide detec-
tors across the entire sample was 56.2% (n = 
17,723). Carbon monoxide detectors were 
reported to be present in 74.2% of venues 
in Toronto (n = 11,659) and in approxi-
mately 29% of venues in the other three 
cities. Reported presence of fire extinguish-
ers across the entire sample was 46.6% (n = 
14,701), ranging from 54.4% (n = 1,483) in 
Quebec City to 40.1% (n = 2,690) in Mon-
treal. A single variable related broadly to 
injury prevention was the reported presence 
of first aid kits. Across the entire sample, first 

aid kits were reported to be present in 35.4% 
of Airbnbs (n = 11,166), ranging from 41.3% 
(n = 1,125) in Quebec City to 29.2% (n = 
1,959) in Montreal.

Tobacco Smoke
Across the entire sample, 4.1% (n = 1,287) of 
hosts reported allowing smoking. Montreal 
had the highest percentage of venues that 
allowed smoking (7.1%, n = 475) and Vancou-
ver had the lowest (2.7%, n = 170). In each city, 
a greater percentage of venues that allowed 
smoking were classified as private rooms or 
shared rooms. In Montreal, over 13% of private 
or shared rooms allowed smoking, which was 
the highest percentage across the sample.

Food Safety
Across the entire sample, 9.2% (n = 2,899) 
indicated that breakfast was served or 
included at the Airbnb venue. The inclusion 
of breakfast was higher for venues where 
hosts were more likely to be physically pres-
ent (private rooms and shared rooms): 13.3% 
(n = 1,376) for private rooms and 16.5% (n = 
86) for shared rooms. Toronto had the high-
est percentage of venues providing breakfast 
with 11.2% of the sample (n = 1,759), includ-
ing 14.1% of private rooms (n = 784) and 
21.7% (n = 68) of shared rooms.

Discussion
This study identified that more than 3,500 
venues listed on Airbnb did not report hav-
ing a smoke alarm. Hotels in British Columbia 
(British Columbia, Office of Housing and Con-
struction Standards, 2010), Ontario (Ontario 
Fire Code, 2007), and Quebec (Government of 
Quebec, 2020b) are required by law to undergo 
inspections for compliance with building codes 
(International Finance Corporation, 2017) and 
fire regulations. Smoke alarms are one of the 
most important fire safety amenities and have 
been broadly demonstrated to save lives (Gil-
bert, Dawar, & Armour, 2006). Jurisdictions 
such as Portland, Oregon, require licensing for 
people who wish to become Airbnb hosts and 
the licensing application requires venues to list 
smoke alarm locations (The City of Portland, 
Oregon, 2020).

Carbon monoxide detectors were more 
common in Toronto Airbnbs compared with 
Airbnbs in the other three cities. Carbon mon-
oxide detectors in most Ontario homes have 
been mandatory since April 2015 (Ontario 
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Ministry of the Solicitor General, 2016); how-
ever, more than 25% of Toronto Airbnb venues
did not report the presence of a carbon mon-
oxide detector. The province of Quebec rec-
ommends carbon monoxide monitors in resi-
dential settings. The cities of Vancouver (City
of Vancouver, 2017) and Montreal (Montreal
Fire Department, n.d.) require carbon mon-
oxide monitors only in new construction and
under specific building conditions. In Van-
couver, Montreal, and Quebec City, however,
the majority of Airbnb venues did not have a
carbon monoxide detector. There have been
recent events in P2P rentals resulting in the
death of guests caused by accidents, including
carbon monoxide poisoning (Liber, 2015).

First aid kits can be very helpful to address
minor injuries. Most venues, though, did not
report having a first aid kit available to guests.
In online discussion forums from Airbnb

hosts, some question if first aid kits are a
potential problem, particularly if children use
medications or consume antiseptics included
in a first aid kit (Airbnb Community Center,
2020). Airbnb’s guide for hosts suggests that
a first aid kit be made available (Airbnb Help
Center, 2020b) and has conducted first aid
kit giveaways for hosts (Schaal, 2014).

Across the four cities, more than 1,300 prop-
erties (approximately 4% of venues) reported
that smoking was allowed. A previous study
in Canada identified a higher percentage of
Airbnb venues that allowed smoking in Mon-
treal compared with other Canadian cities.
Our study found similar results, with Montreal
having the highest percentage of venues that
allowed smoking (7.1%, n = 475), a percentage
roughly 3 times higher than Vancouver (2.7%,
n = 170). Although the vast majority of Airbnb
venues in the four cities do not allow smok-

ing, there remains a concern that hundreds of
venues do allow smoking. In contrast, major
hotel chains in Canada have been smoke-free
for more than a decade.

It is important to note that Airbnb’s Web
interface does not specify if a venue is smoke-
free, only what the house rules are related
to smoking. Therefore, Airbnb guests could
enter a home where hosts smoke some or all
of the time. On the Airbnb website, there is no
required disclosure for smoking activities in
the venues. Further, there is no required dis-
closure of past smoking activity, which means
that guests could be exposed to either second-
hand or thirdhand smoke during their visit.

When considering food safety, of interest
are the venues that report to provide break-
fast for guests staying with hosts (i.e., private
rooms and shared rooms). This study dem-
onstrates that these rentals are more likely

Amenities Relevant to Public Health in Airbnb Venues by City and Room Type

City Room Type Amenity
# (%)

Breakfast Smoke 
Detector

Carbon 
Monoxide 
Detector

Fire 
Extinguisher

First Aid Kit Smoking 
Allowed

Montreal Entire home/apartment (n = 4,579) 119 (2.6) 3,950 (86.3) 1,548 (33.8) 1,975 (43.1) 1,275 (27.8) 188 (4.1)

Private room (n = 2,086) 158 (7.6) 1,591 (76.3) 392 (18.8) 698 (33.5) 674 (32.3) 282 (13.5)

Shared room (n = 37) 1 (2.7) 30 (81.1) 7 (18.9) 17 (45.9) 10 (27.0) 5 (13.5)

Total (n = 6,702) 278 (4.1) 5,571 (83.1) 1,947 (29.1) 2,690 (40.1) 1,959 (29.2) 475 (7.1)

Quebec Entire home/apartment (n = 1,830) 81 (4.4) 1,723 (94.2) 572 (31.3) 1,035 (56.6) 716 (39.1) 27 (1.5)

Private room (n = 872) 145 (16.6) 778 (89.2) 213 (24.4) 440 (50.5) 403 (46.2) 39 (4.5)

Shared room (n = 24) 4 (16.7) 22 (91.7) 5 (20.8) 8 (33.3) 6 (25.0) 2 (8.3)

Total (n = 2,726) 230 (8.4) 2,523 (92.6) 790 (29.0) 1,483 (54.4) 1,125 (41.3) 68 (2.5)

Toronto Entire home/apartment (n = 9,867) 907 (9.2) 9,153 (92.8) 7,526 (76.3) 4,613 (46.8) 3,463 (35.1) 245 (2.5)

Private room (n = 5,541) 784 (14.1) 4,844 (87.4) 3,960 (71.5) 2,751 (49.6) 2,167 (39.1) 293 (5.3)

Shared room (n = 314) 68 (21.7) 261 (83.1) 173 (55.1) 135 (43.0) 114 (36.3) 36 (11.5)

Total (n = 15,722) 1,759 (11.2) 14,258 (90.7) 11,659 (74.2) 7,499 (47.7) 5,744 (36.5) 574 (3.7)

Vancouver Entire home/apartment (n = 4,367) 330 (7.6) 3,990 (91.4) 2,433 (55.7) 2,115 (48.4) 1,507 (34.5) 67 (1.5)

Private room (n = 1,872) 289 (15.4) 1,573 (84.0) 851 (45.5) 867 (46.3) 791 (42.3) 91 (4.9)

Shared room (n = 146) 13 (8.9) 104 (71.2) 43 (29.5) 47 (32.2) 40 (27.4) 12 (8.2)

Total (n = 6,385) 632 (9.9) 5,667 (88.8) 3,327 (52.1) 3,029 (47.4) 2,338 (36.6) 170 (2.7)

Total Entire home/apartment (n = 20,643) 1,437 (7.0) 18,816 (91.1) 12,079 (58.5) 9,738 (47.2) 6,961 (33.7) 527 (2.6)

Private room (n = 10,371) 1,376 (13.3) 8,786 (84.7) 5,416 (52.2) 4,756 (45.9) 4,035 (38.9) 705 (6.8)

Shared room (n = 521) 86 (16.5) 417 (80.0) 228 (43.8) 207 (39.7) 170 (32.6) 55 (10.6)

Total (N = 31,535) 2,899 (9.2) 28,019 (88.9) 17,723 (56.2) 14,701 (46.6) 11,166 (35.4) 1,287 (4.1)

TABLE 1

JEH_10-20_PRINT.indd  10 9/4/20  10:01 AM



October 2020 • Journal of Environmental Health 11

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

to include breakfast. Improperly handling or 
inadequately cooking food poses a risk for the 
spread of foodborne illness. Across Canada, 
restaurant workers are required to have food 
safety handler certifications. For most Airbnb 
venues, the maximum number of guests that 
could be exposed to unsafe food would be far 
fewer than at most restaurants. Food-related 
illnesses, however, can be reduced with food 
safety training and inspections. If a person 
acquires a foodborne illness and seeks medi-
cal attention, public health officials in Canada 
attempt to track down the origin by identify-
ing what and where the person ate in the days 
preceding the illness. These public health offi-
cials should always consider if someone ate a 
meal prepared at an Airbnb. 

Limitations
The data examined in this study do not 
represent all Airbnb venues in Canada: our 
study sample included approximately 30% 
of Airbnb venues in the country to provide 
a comprehensive view of public health issues 
in Airbnbs in four populous cities. The data 
used in this study were collected by Inside 
Airbnb from jurisdictions where there is a 
concern that Airbnb activities are influencing 
housing availability and/or housing prices.

Some of the findings of this study are likely 
to change because, since the time these data 
were collected, Toronto passed a bylaw that 
will apply various regulations to P2P short-
term housing (“City moves to restrict Airbnb,” 

2018; City of Toronto, 2017). The likely effect 
of this bylaw will be to reduce the overall num-
ber of available rentals. In this new regulatory 
environment, Airbnb hosts in Toronto are 
required to obtain a license, register with the 
city, and pay the municipal accommodation 
tax. The bylaw, however, does not include pro-
visions relevant to public health issues such as 
food safety, injury prevention, or exposure to 
tobacco smoke, nor does the bylaw apply to 
rentals in which the renter is renting out part 
of their principal residence.

Importance
Many Airbnb venues in Canada have conditions 
that could pose a health risk to guests, includ-
ing lack of fire safety amenities and first aid kits. 
Some Airbnbs allow smoking, but the lack of 
transparency on the Airbnb website makes it 
difficult to identify which venues are smoke-
free. Hundreds of Airbnbs offer guests break-
fast, although these premises are not inspected 
for food preparation safety and Airbnb hosts are 
not required to be trained in food safety. 

Conclusion
Some jurisdictions have enacted legislation 
to regulate P2P short-term rentals; however, 
most of these regulatory efforts do not con-
sider public health concerns. In jurisdictions 
with regulations for hotels, there appear to be 
loopholes for P2P short-term rentals. In juris-
dictions with regulations for residences, there 
appears to be a lack of enforcement. Food 

safety issues appear to have received the least 
amount of attention by Airbnb. 

Municipal licensing processes could 
require food safety handler training for 
Airbnb hosts and public health authorities 
could include Airbnb venues in their inspec-
tion schedules. Additionally, it is important 
to institute systems where food outbreak 
investigations include questions related to 
meals prepared in P2P settings. Licenses 
should be displayed in the property and in 
the online listings on Airbnb. Furthermore, 
Airbnbs should be incorporated into public 
health websites where inspection records are 
available to potential renters. Both online and 
traditional media are often used to post a res-
taurant’s inspection records and results, for 
example, but a physical inspection record or 
notice posted in the property is more influ-
ential for presenting information about the 
Airbnb (Henson et al., 2006). 

Future research could examine what effect 
the bylaws that require licensing of Airbnbs 
have on public health amenities. Additional 
research could be done to identify what food 
practices take place in Airbnb’s kitchens in 
order to determine the likelihood and fre-
quency of unsafe food practices. 
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Introduction
In recent decades, cities in China are expe-
riencing rapid development and extensive 
social and economic structure changes. 
Although the industrial sector plays an 
important role in economic development, 
suburban agriculture is an essential part of 
the urban economy, especially in develop-
ing countries. Farming activities in suburban 
areas of cities can not only supply food to 
urban residents but also provide farmers with 
additional opportunities for employment, 
income, and subsistence food (Lynch, Binns, 
& Olofin, 2001; Nguni & Mwila, 2007). 
Additionally, vegetable production is a key 

sector of the regional agricultural economy 
(Midmore & Jansen, 2003).

With the development of modern agri-
culture and industry in cities, however, large 
amounts of waste are released into agricul-
tural soils. Chemical fertilizers and sewage 
also threaten the quality and safety of subur-
ban vegetable products (Huang et al., 2006). 
Heavy metals create critical problems because 
of their toxicity and nonbiodegradability in the 
environment (Adriano, 2001); thus, the harm 
of heavy metal pollution on the soil environ-
ment and human health has become a global 
hot topic (Abdu, Abdulkadir, Agbenin, & 
Buerkert, 2011; Gil, Boluda, & Ramos, 2004; 

Lee, Li, Shi, Cheung, & Thornton, 2006; Shao 
et al., 2014; Song, Hu, An, Chen, & Li, 2018). 
Heavy metals can be transferred readily from 
the soil matrix to soil–crop systems, leach 
into groundwater, and eventually accumulate 
in human bodies via the food chain (Facchi-
nelli, Sacchi, & Mallen, 2001). Heavy metal 
pollution in soil can also harm plant growth 
and development, crop yields and qualities, 
and affect the growth of soil microorganisms 
(Giller, Witter, & McGrath, 1998; Müller & 
Anke, 1994). Furthermore, heavy metals can 
enter human bodies and endanger human 
health through soil dust with the exposure 
pathways of resuspension-inhalation, hand-
to-mouth ingestion, and dermal contact (Fer-
reira-Baptista & De Miguel, 2005). Even at low 
doses, continuous exposure to heavy metals, 
such as cadmium (Cd) or lead (Pb), can cause 
significant adverse effects on human health 
(Senesi, Baldassarre, Senesi, & Radina, 1999).

The heavy metals in agricultural soils gener-
ally originate from natural inputs and anthro-
pogenic inputs; the natural inputs have been 
greatly exceeded by anthropogenic inputs 
because of the rapid development of industry 
and agriculture (Facchinelli et al., 2001). The 
anthropogenic sources of heavy metals in soils 
could relate to sewage sludge, combustion, 
livestock manure, pesticides, metal indus-
tries, mining, forest fires, municipal waste 
vehicle exhaust, and agricultural activities 
(Iñigo, Andrades, Alonso-Martirena, Marín, 
& Jiménez-Ballesta, 2013; Oves, Khan, Zaidi, 
& Ahmad, 2012). As one of the main factors, 
agricultural practices can strongly influence 
element concentrations in the soil environment 
(Ikem, Campbell, Nyirakabibi, & Garth, 2008) 
and can include the application of mineral fer-

Abst ract  To assess the environmental quality and health risk 

of heavy metals in suburban vegetable fields under different cultivation 
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tilizers (primarily phosphate fertilizers), animal 
manure, industrial or municipal wastewater, 
sewage sludge, and some types of compost 
(Singh, Mohan, Sinha, & Dalwani, 2004). The 
accumulation of heavy metals in agricultural 
soils could be significantly affected by different 
cultivation patterns (Liu et al., 2011; Wang et 
al., 2015), but the heavy metal pollution of veg-
etable soils in a suburban area under different 
agricultural activities has not garnered much 
attention, especially for industrial cities.

The purposes of our study were to
1. determine the concentrations of heavy 

metals Pb, chromium (Cr), copper (Cu), 
nickel (Ni), zinc (Zn), Cd, and arsenic 
(As) in suburban vegetable soils in Jilin 
City under different cultivation patterns;

2. assess the heavy metal pollution; and
3. examine the noncarcinogenic and carcino-

genic health risks to children and adults 
from these heavy metals in open fields and 
in greenhouse soils in suburban areas.

Methods

Study Site
The study area was located in Jilin City 
(42°31’~44°40’ N, 125°40’~127°56’ E), the 
second largest city in northeastern China, 
with an area of 27,000 km2 and a population 
of nearly 4.3 million. Jilin City has evolved 
into a modern, industrialized city with a 
complete array of industries related to chemi-
cals, electric power, metallurgy, automobiles, 
papermaking, machinery, foodstuffs, tex-
tiles, household appliances, building materi-
als, electronics, medicine, and plastics. Jilin 
Chemical Industrial Company is the major 
chemical company in China, and thus plays 
an important role within the country.

Sampling
For our study, we focused the scope of the 
sampling area on the suburban areas of Jilin 
City. We divided the area into study areas 1 
x 1 km and then identified typical vegetable 
fields to study. Soil samples were collected 
from 0–10 cm of topsoil at 50 agricultural 
plots of vegetable crops, with 28 and 22 
soil samples collected from open fields and 
greenhouses, respectively. Soil samples were 
obtained by mixing 5–10 subsamples from 
each site to obtain a bulk sample, and approx-
imately 1 kg of each soil sample was collected 
using a stainless steel spade. Soil samples 

were stored in polyethylene film bags for lab 
analysis. All of the sample sites were recorded 
using a handheld GPS. Related information, 
such as land use history, vegetation, and soil 
type, were also recorded in detail.

Chemical Analysis
The soils were air dried at ambient tempera-
ture, crushed, and passed through a 2-mm 
stainless steel sieve. Portions of soil samples 
(approximately 50 g) were ground and passed 
through a 0.149-mm sieve, and then stored in 
plastic bags prior to chemical analysis.

Soil pH was measured (soil:water 1:2.5 
weight/volume) using a pH meter (pHS-
3B). Soil organic matter was determined by 
the Walkley–Black method (NY/T 85-1988). 
Total nitrogen (TN) was measured by Kjel-
dahl determination method after digestion 
(Brookes, Kragt, Powlson, & Jenkinson, 
1985). Total phosphorus (TP) and total 
potassium (TK) were measured according to 
the NY/T 88-1988 and NY/T 87-1988 meth-
ods, respectively.

The total concentrations of metals in the 
soils were determined according to U.S. 
Environmental Protection Agency (U.S. EPA) 
standard method 3050B (1996b). Concentra-
tions of Pb, Cr, Cu, Ni, and Zn were analyzed 
with a flame atomic absorption spectrometer; 
Cd was analyzed with a graphite furnace 
atomic absorption spectrometer; and As was 
determined by atomic fluorescence spec-
trometry (Chinese National Standard, GB/T 
22105.2-2008).

Standard reference material (GBW 07405, 
GSS-5) was obtained from the Center of 
National Standard Reference Material of China 
and used in the digestion and determination as 
part of the quality assurance protocol. Reagent 
blanks and analytical duplicates were included 
to ensure accuracy and precision of analysis. 
The recoveries for the 8 observed metals were 
between 90% and 110%.

Statistical Analysis
All statistical analyses were performed using 
SPSS 16.0. We used the independent samples 
t-test to determine whether the concentra-
tions of metals varied significantly within 
different cultivation patterns, with a p-value 
< .05 considered statistically significant.

To assess the degree of soil contamination 
and estimate possible impact on human health, 
we calculated the geoaccumulation index (I

geo
) 

(Müller, Müller, & Putz, 1969) for each veg-
etable field using the following equation:

Igeo = log
2
(Cn /1.5Bn)

where C
n
 is the measured concentration of 

the element in the environment and B
n
 is the 

geochemical background value. In our study, 
the natural background values of heavy metals 
in soils of Jilin City (Meng & Li, 1995) were 
chosen for calculating the I

geo
 values. The con-

stant 1.5 is the background matrix correction 
factor due to lithological variability. The I

geo

for each metal was calculated and classified as: 
uncontaminated (I

geo
≤ 0, class 0), uncontami-

nated to moderately contaminated (0 < I
geo

≤ 1, 
class 1), moderately contaminated (1 < I

geo
≤ 2, 

class 2), moderately to heavily contaminated 
(2 < I

geo
≤ 3, class 3), heavily contaminated (3 

< I
geo

≤ 4, class 4), heavily to extremely con-
taminated (4 < I

geo
≤ 5, class 5), and extremely 

contaminated (I
geo

 > 5, class 6).

Health Risk Calculation
The hazard quotient (HQ) is used to assess 
noncarcinogenic risks from exposure to 
heavy metals. Exposure is expressed in terms 
of a daily dose (mg/kg/day) and calculated 
separately for each metal and for each expo-
sure pathway. The exposure doses through 
the three pathways (soil ingestion, dermal 
contact, and inhalation) were calculated with 
the equations below adopted from the U.S. 
EPA (1989, 1996a) and the International 
Agency for Research on Cancer (2020):

ADDing = C ×
IngR × EF × ED

× 10–6  

BW × AT

ADDinh = C ×
InhR × EF × ED

  

PEF × BW × AT

ADDder = C ×
SA × SL × ABS × EF × ED

× 10–6  

BW × AT

where C is the arithmetic mean for heavy 
metal concentrations of soils in different use 
scenarios, ADD

ing
 (mg/kg/day) is daily expo-

sure amount of metals through ingestion, 
ADD

inh
 (mg/kg/day) is daily exposure amount 

of metals through inhalation, and ADD
der

(mg/kg/day) is daily exposure amount of 
metals through dermal contact. The exposure 
factors for these models are shown in Table 1.
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After we calculated ADD
ing

, ADD
inh

, and
ADD

der
, an HQ based on noncarcinogenic

toxic risk can then be calculated by dividing
daily dose to a specific reference dose (RfD):

HQ =
ADD

  

RfD

where HQ is the hazard quotient that indi-
cates the noncarcinogenic risk of single con-
tamination and RfD is the reference dose that
is an estimate of maximum permissible risk
to a human population through daily expo-
sure during a lifetime. As such, an HQ ≤ 1
indicates no adverse health effects and an HQ
> 1 indicates likely adverse health effects. The
hazard index (HI) is equal to the sum of the
HQs and is used to estimate the health risk
of different exposure pathways: an HI ≤ 1
indicates no adverse health effects and an HI
> 1 indicates possible adverse health effects

(U.S. Environmental Protection Agency [U.S.
EPA], 2002). Toxicological characteristics of
the investigated heavy metals used for health
risk assessments are presented in Table 1.

For carcinogens, the lifetime average daily
dose (LADD) for Cr, Ni, Cd, and As used
in the assessment of cancer risk has been
calculated as a weighted average through
inhalation exposure (Ferreira-Baptista & De
Miguel, 2005):

LADD =   C × EF    ×  
 AT × PEF

 IngR
child

 × ED
child

   
+

   IngR
adult

 × ED
adult

   
               BWchild         

         BWadult         

CR = LADD × SF
 

where SF is the corresponding slope fac-
tor that indicates the maximum probability 
carcinogenic risk of human expose of a cer-

tain dose of some pollutants. For carcino-
genic risk (CR), risks surpassing 1 × 10−4 are
viewed as unacceptable, risks below 1 × 10−6

are not considered to pose significant health
effects, and risks between 1 × 10−4 and 1 × 10−6

generally are considered an acceptable range,
depending on the situation and circum-
stances of exposure (Fryer, Collins, Ferrier,
Colvile, & Nieuwenhuijsen, 2006; Li, Ma,
van der Kuijp, Yuan, & Huang, 2014).

Results and Discussion

Characteristics and Heavy Metal
Concentrations of Suburban
Vegetable Soils
The basic properties and heavy metal concen-
trations of the vegetable soils we studied are
listed in Table 2. The pH values of the subur-
ban soils ranged from mildly acidic to mildly

Exposure Parameters for Dose Models

Parameter (Definition) Unit Value Reference

Child Adult

ABS (dermal absorption factor) 0.001 0.001 Ferreira-Baptista & De Miguel, 2005

AT (average time) days 365 × ED for noncarcinogens,
365 × 70 for carcinogens

Ferreira-Baptista & De Miguel, 2005

BW (exposure duration) kg 18 60 Li, Ma, van der Kuijp, Yuan, & Huang,  2014

ED (exposure duration) year 6 24 U.S. Environmental Protection Agency (U.S. 
EPA), 2002

EF (exposure frequency) days/year 180 180 Ferreira-Baptista & De Miguel, 2005

IngR (ingestion rate) mg/day 200 50 U.S. EPA, 2002

InhR (inhalation rate) m3/day 7.6 20 Ferreira-Baptista & De Miguel, 2005

PEF (particle emission factor) m3/kg 1.36 × 109 1.36 × 109 Ferreira-Baptista & De Miguel, 2005

SA (exposed skin area) cm2 2,800 5,700 U.S. EPA, 2002

SL (skin adherence factor for dust) mg/cm2 0.2 0.07 U.S. EPA, 2002

Heavy Metal RfDing RfDinh RfDder SFinh Reference

Arsenic 3.00 x 10-4 3.01 x 10-4 1.23 x 10-4 1.51 x 101 Ferreira-Baptista & De Miguel, 2005;  
Li et al., 2014Cadmium 1.00 x 10-3 2.50 x 10-5 1.00 x 10-5 6.30 x 100

Chromium 3.00 x 10-3 3.90 x 10-5 6.00 x 10-5 4.20 x 101

Copper 4.00 x 10-2 4.00 x 10-2 1.20 x 10-2

Lead 3.50 x 10-3 3.50 x 10-3 5.25 x 10-4

Nickel 2.00 x 10-2 8.00 x 10-4 5.40 x 10-3 8.40 x 10-1

Zinc 3.00 x 10-1 3.00 x 10-1 6.00 x 10-2

RfDing = reference dose, soil ingestion; RfDinh = reference dose, inhalation; RfDder = reference dose, dermal contact; SFinh = slope factor, inhalation.

TABLE 1
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alkaline (5.86–7.79), without obvious soil
acidification, and was similar between green-
house soils and open field soils. In general,
agricultural soil acidulation in topsoil was
evident with the intensive farming, which

could be caused by numerous processes such
as nitrification, oxidation of organic sulfur,
oxidation of iron or manganese, and anaerobic
decomposition of organic substances, to name
a few. Additionally, a number of factors could

increase the soil pH, such as ammonification
of urea (Watson, Stevens, Garrett, & McMur-
ray, 1990), application of alkaline fertiliz-
ers such as ammonium bicarbonate, nitrate
uptake and assimilation by plants (Gijsman,
1990), and decarboxylation of organic anions
applied with manure or plant residues (Yan
& Schubert, 2000; Yan, Schubert, & Mengel,
1996). The high organic content could also
be an important factor to avoid the accelera-
tion of soil acidification. In our study, the soil
samples from open fields and greenhouses
both had a high content of organic matter
(mean of 32.30 and 34.19 g/kg, respectively),
probably due to the addition of manure. The
mean contents of organic matter, TN, and TP
in greenhouse soils were higher than in open
field soils due to more input of nutrients, but
TK was slightly less in greenhouse soils than
in open field soils, indicating that the amount
of potassium fertilizer used in the greenhouse
vegetable planting management process was
relatively low.

Concentrations of Pb, Cr, Cu, Ni, Zn, Cd,
and As in the suburban soils, together with
soil background values, are presented in Table
2. The concentration ranges of heavy metals
(in mg/kg) in the study area were 8.6–48.15
for Pb (mean = 30.84), 16.95–281.11 for Cr
(mean = 65.65), 7.36–98.12 for Cu (mean =
26.41), 15.29–33.10 for Ni (mean = 23.07),

Basic Properties and Heavy Metal Concentrations of Vegetable Soils

Property/Heavy Metal Mean Maximum Minimum Median SD CV (%) BC

pH 6.80 7.79 5.86 6.81 0.49 7.20

Organic matter (g/kg) 33.13 57.80 17.63 32.56 9.68 29.22

Total nitrogen (g/kg) 2.12 3.95 1.00 2.13 0.69 32.45

Total phosphorus (g/kg) 1.79 4.34 0.50 1.52 0.92 51.49

Total potassium (g/kg) 22.32 29.94 8.19 21.47 4.56 20.42

Arsenic (mg/kg) 9.50 17.70 5.25 9.45 2.33 24.54 3.51

Cadmium (mg/kg) 0.143 0.849 0.054 0.107 0.12 84.83 0.106

Chromium (mg/kg) 65.65 281.11 16.95 53.88 39.93 60.82 44.56

Copper (mg/kg) 26.41 98.12 7.36 23.84 13.43 50.87 15.91

Lead (mg/kg) 30.84 48.15 8.60 29.59 9.81 31.81 24.42

Nickel (mg/kg) 23.07 33.10 15.29 21.83 5.22 22.65 22.40

Zinc (mg/kg) 135.14 225.81 46.43 131.61 36.53 27.03 89.88

BC = background concentrations in the soils of Jilin City (Meng & Li, 1995); CV = coefficient of variation. 

TABLE 2

Comparisons of Mean Heavy Metal Concentrations in Vegetable Soils 
From Open Fields and Greenhouses
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46.43–225.81 for Zn (mean = 135.14), 0.054–
0.849 for Cd (mean = 0.143), and 5.25–17.70
for As (mean = 9.50). The mean values of the
heavy metal concentrations can be arranged
in descending order, with Zn being the high-
est value: Zn > Cr > Pb > Cu > Ni > As > Cd.
Compared with their respective background
values in Jilin City, all the metals we examined
exhibited higher concentrations, especially
Pb, Cr, Cu, Zn, and As. Based on the coef-
ficient of variation (CV), the heavy metals we
analyzed can be classified into two groups: 1)
Ni, Zn, and As, with CV values <30% and 2)
Pb, Cr, Cu, and Cd, with CV values >30%.
It has been reported that CV values of heavy
metals dominated by natural sources are rela-
tively low, while CV values of heavy metals
affected by anthropogenic sources are quite
high (Yongming, Peixuan, Junji, & Posmen-
tier, 2006). Accordingly, Pb, Cr, Cu, and Cd
concentrations in suburban vegetable soils
tend to be more markedly affected by anthro-
pogenic activities, while Ni, Zn, and As con-
centrations were quite homogeneous across
the suburban area of Jilin City, especially Ni,
which might more often be associated with
natural sources.

Comparative Assessment on Heavy
Metal Pollution of Suburban
Vegetable Fields Under Different
Cultivation Patterns
The concentrations of heavy metals in sub-
urban vegetable soils from open fields and
greenhouses are shown in Figure 1. Concen-
trations of Pb, Cr, Cu, and especially Zn in
greenhouse soils were higher than in open
fields, which indicates a difference in envi-
ronmental quality between the two cultiva-
tion practices. Both types of soils had similar
heavy metal concentrations for Ni, Cd, and
As (Figure 1). The t-test results indicated that
Zn concentrations in soil (p = .020) showed
significant differences between greenhouses
and open fields. Elevated Zn concentrations
in soil are related to the high use of fertilizers
(Acosta, Faz, Martínez-Martínez, & Arocena,
2011; Al-Khashman & Shawabkeh, 2006;
Facchinelli et al., 2001; Moral et al., 2008).
The multiple cropping index (i.e., the sum
of areas planted to different crops harvested
during the year, divided by the total culti-
vated area) for greenhouses is significantly
higher than that for open fields, which results
in the use of more organic fertilizers. Of note,

the concentration of Zn in greenhouse soils
with more anthropogenic disturbance was
significantly higher than in open field soils,
which signals a need for further attention.

To understand the environmental quality
of agricultural soils in Jilin City under dif-
ferent cultivation patterns, we calculated I

geo

for evaluating the pollution risk of the heavy
metals studied. The I

geo
 values of heavy metals

in open field soils ranged from -2.09 to 0.37
for Pb, -1.98 to 0.68 for Cr, -1.70 to 2.04 for
Cu, -1.14 to -0.02 for Ni, -1.54 to 0.63 for Zn,
-1.40 to 1.12 for Cd, and 0.002 to 1.75 for As.
The I

geo
 values of heavy metals in greenhouse

soils ranged from -1.50 to 0.39 for Pb, -0.68
to 2.07 for Cr, -0.62 to 1.04 for Cu, -1.08 to
-0.04 for Ni, -0.64 and 0.74 for Zn, -1.55 to
2.42 for Cd, and -0.005 to 1.650 for As. Tak-
ing into consideration these heavy metals,
a degree of significant accumulation exists
in some soils within open fields and green-
houses (Figure 2), whereas we did not find
a significant accumulation of Ni. We found

that 4.5% of the soil samples were moder-
ately to heavily contaminated by Cr and Cd
in greenhouses, and 3.6% of the soil samples
in open fields were also moderately to heav-
ily contaminated by Cu. Additionally, the
percentages of greenhouse soils within class
1 and class 2 pollution levels were 40.9%,
63.6%, and 59.1% for Pb, Cu, and Zn, respec-
tively, and significantly higher than 25.0%,
35.7%, and 32.1% in open field soils for Pb,
Cu, and Zn, respectively. The study results
indicate that compared with open field soils,
the environmental quality of greenhouse soils
with high-intensive cultivation patterns has
been affected significantly by human activi-
ties, This finding is in accordance with some
previous research results (Hu, Chen, Huang,
& Niedermann, 2014; Li, Hou, Hua, & Dong,
2005; Liu et al., 2011; Zhang et al., 2016).

Health Risk Assessment
The heavy metals contained in soil dust could
enter human bodies and endanger human

Statistical Results of Geoaccumulation Index of Heavy Metals  
in the Study Area

G = greenhouses; O = open fields.
Note. Classes 4, 5, and 6 had nondetectable levels.
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health through resuspension-inhalation, hand-
to-mouth ingestion, and dermal contact (Fer-
reira-Baptista & De Miguel, 2005; Soto-Jimé-
nez & Flegal, 2011). In our study, ingestion
was the main exposure pathway and inhalation
was the least exposure pathway for Pb, Cr, Cu,
Ni, Zn, Cd, and As in terms of noncarcinogenic
risk. The exposure to Pb, Cr, Cu, Zn, Cd, and
As in greenhouse soils through three different
pathways was higher than in open field soils,
with the exception of Ni, which indicates that
the activity areas of greenhouses posed a higher
noncarcinogenic risk to people. Children are
exposed to more heavy metals from soils than
adults by each of the three pathways.

Values of HQ, HI, and CR for the studied
heavy metals in soils from open fields and
greenhouses are listed in Table 3. The HQ of
toxic metals through the three pathways were
all below 1, with an order of HQ

ing 
> HQ

derm 

> HQ
inh

,
 
which indicates no adverse health

effects. In greenhouse soils, Pb, Cr, Cu, Zn,
Cd, and As had higher HQ values than in

open field soils, especially for children. Gen-
erally, noncarcinogenic risks for children were
higher than for adults, meaning that children
face greater health risks due to heavy metals
compared with other populations (Gržetić 
& Ghariani, 2008; Li et al., 2014; Qu, Kai,
Wang, Lei, & Bi, 2012). The HI value for As
was the highest, followed by Cr—both of
which were significantly greater than Pb, Cu,
Zn, Ni, and Cd. The HIs of the heavy met-
als in the study area were all <1. This finding
indicates an absence of noncarcinogenic risk
for children and adults. The HIs for As and
Cr were >0.1 for children and were 12 and 9
times higher than the corresponding values
for adults, respectively. This finding indicates
a relatively large potential health risk for As
and Cr associated with exposure to suburban
vegetable soils, with greenhouse soils having
a higher risk. Thus, the noncarcinogenic risk
of greenhouse soils to children, especially
regarding As and Cr, should be of great con-
cern in suburban agricultural areas.

Carcinogenic slope factors were not avail-
able for the other heavy metals. Therefore,
we estimated the carcinogenic risks of Cr, Ni,
Cd, and As only (Table 3) and assessed them
via the primary exposure pathway (ingestion
absorption). The carcinogenic risk values
followed the descending order of Cr > As >
Ni > Cd. The levels of CR associated with
exposure to Cr, Ni, Cd, and As in open field
soils and in greenhouse soils were all below
the range of the threshold values (10-6–10-4),
which indicates an absence of carcinogenic
risk from these heavy metals for children
and adults. The CR values of Cd, Cr, and As
in greenhouse soils, however, were slightly
greater than in open field soils, showing a
higher potential health risk.

Conclusion
More attention should be paid to the envi-
ronmental quality and health risk of heavy
metal pollution in vegetable production areas
in suburbs because of their proximity to resi-

Noncarcinogenic Hazard and Carcinogenic Risks for Heavy Metals in Open Fields and Greenhouses

Heavy 
Metal

Child Adult

HQing HQinh HQder HI CR HQing HQinh HQder HI CR

Open fields

Arsenic 1.71 x 10-1 4.75 x 10-6 1.17 x 10-3 1.72 x 10-1 6.33 x 10-8 1.28 x 102 3.75 x 10-6 2.49 x 10-4 1.31 x 10-2 6.33 x 10-8

Cadmium 7.12 x 10-4 7.96 x 10-7 1.99 x 10-4 9.13 x 10-4 3.68 x 
10-10

5.34 x 10-5 6.29 x 10-7 4.26 x 10-5 9.67 x 10-5 3.68 x 
10-10

Chromium 1.06 x 10-1 2.28 x 10-4 1.49 x 10-2 1.21 x 10-1 1.10 x 10-6 7.97 x 10-3 1.80 x 10-4 3.18 x 10-3 1.13 x 10-2 1.10 x 10-6

Copper 3.37 x 10-3 9.43 x 10-8 3.15 x 10-5 3.41 x 10-3 2.53 x 10-4 7.44 x 10-8 6.73 x 10-6 2.60 x 10-4

Lead 4.62 x 10-2 1.29 x 10-6 8.62 x 10-4 4.70 x 10-2 3.46 x 10-3 1.02 x 10-6 1.84 x 10-4 3.65 x 10-3

Nickel 2.28 x 10-3 6.36 x 10-8 3.19 x 10-5 2.31 x 10-3 8.90 x 10-9 1.71 x 10-4 5.02 x 10-8 6.81 x 10-6 1.78 x 10-4 8.90 x 10-9

Zinc 6.47 x 10-3 4.52 x 10-6 6.71 x 10-5 6.54 x 10-3 4.85 x 10-4 3.57 x 10-6 1.43 x 10-5 5.03 x 10-4

Greenhouses

Arsenic 1.77 x 10-1 4.94 x 10-6 1.21 x 10-3 1.78 x 10-1 6.58 x 10-8 1.33 x 10-2 3.90 x 10-6 2.59 x 10-4 1.36 x 10-2 6.58 x 10-8

Cadmium 8.80 x 10-4 9.83 x 10-7 2.46 x 10-4 1.13 x 10-3 4.54 x 
10-10

6.60 x 10-5 7.76 x 10-7 5.26 x 10-5 1.19 x 10-4 4.54 x 
10-10

Chromium 1.37 x 10-1 2.95 x 10-4 1.92 x 10-2 1.57 x 10-1 1.42 x 10-6 1.03 x 10-2 2.33 x 10-4 4.11 x 10-3 1.46 x 10-2 1.42 x 10-6

Copper 3.93 x 10-3 1.10 x 10-7 3.66 x 10-5 3.96 x 10-3 2.95 x 10-4 8.66 x 10-8 7.83 x 10-6 3.02 x 10-4

Lead 5.09 x 10-2 1.42 x 10-6 9.51 x 10-4 5.19 x 10-2 3.82 x 10-3 1.12 x 10-6 2.03 x 10-4 4.03 x 10-3

Nickel 2.71 x 10-3 7.58 x 10-8 3.80 x 10-5 2.75 x 10-3 8.44 x 10-9 2.03 x 10-4 5.99 x 10-8 8.12 x 10-6 2.12 x 10-4 8.44 x 10-9

Zinc 6.13 x 10-3 4.28 x 10-6 6.36 x 10-5 6.20 x 10-3 4.60 x 10-4 3.38 x 10-6 1.36 x 10-5 4.77 x 10-4

HQing = hazard quotient, soil ingestion; HQinh = hazard quotient, inhalation; HQder = hazard quotient, dermal contact; HI = hazard index; CR = carcinogenic risk.

TABLE 3

JEH_10-20_PRINT.indd  19 9/4/20  10:01 AM



20 Volume 83 • Number 3

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

Abdu, N., Abdulkadir, A., Agbenin, J.O., & Buerkert, A. (2011). 
Vertical distribution of heavy metals in wastewater-irrigated veg-
etable garden soils of three West African cities. Nutrient Cycling in 
Agroecosystems, 89, 387–397.

Acosta, J.A., Faz, A., Martínez-Martínez, S., & Arocena, J.M. (2011). 
Enrichment of metals in soils subjected to different land uses 
in a typical Mediterranean environment (Murcia City, southeast 
Spain). Applied Geochemistry, 26(3), 405–414.

Adriano, D.C. (2001). Trace elements in terrestrial environments (3rd 
ed.). New York, NY: Springer-Verlag. 

Al-Khashman, O.A., & Shawabkeh, R.A. (2006). Metals distribution 
in soils around the cement factory in southern Jordan. Environ-
mental Pollution, 140(3), 387–394.

Brookes, P.C., Kragt, J.F., Powlson, D.S., & Jenkinson, D.S. (1985). 
Chloroform fumigation and the release of soil nitrogen: The 
effects of fumigation time and temperature. Soil Biology and Bio-
chemistry, 17(6), 831–835.

Facchinelli, A., Sacchi, E., & Mallen, L. (2001). Multivariate statis-
tical and GIS-based approach to identify heavy metal sources in 
soils. Environmental Pollution, 114(3), 313–324.

Ferreira-Baptista, L., & De Miguel, E. (2005). Geochemistry and 
risk assessment of street dust in Luanda, Angola: A tropical urban 
environment. Atmospheric Environment, 39(25), 4501–4512.

Fryer, M., Collins, C.D., Ferrier, H., Colvile, R.N., & Nieuwenhui-
jsen, M.J. (2006). Human exposure modelling for chemical risk 
assessment: A review of current approaches and research and pol-
icy implications. Environmental Science & Policy, 9(3), 261–274.

Gijsman, A.J. (1990). Rhizosphere pH along different root zones of 
Douglas-fir (Pseudotsuga menziesii), as affected by source of nitro-
gen. Plant and Soil, 124, 161–167.

Gil, C., Boluda, R., & Ramos, J. (2004). Determination and evalua-
tion of cadmium, lead and nickel in greenhouse soils of Almería 
(Spain). Chemosphere, 55(7), 1027–1034.

Giller, K.E., Witter, E., & McGrath, S.P. (1998). Toxicity of heavy 
metals to microorganisms and microbial processes in agricul-
tural soils: A review. Soil Biology and Biochemistry, 30(10–11), 
1389–1414.

Gržetić, I., & Ghariani, A.R.H. (2008). Potential health risk assess-
ment for soil heavy metal contamination in the central zone of 
Belgrade (Serbia). Journal of the Serbian Chemical Society, 73(8–
9), 923–934.

Hu, W., Chen, Y., Huang, B., & Niedermann, S. (2014). Health risk 
assessment of heavy metals in soils and vegetables from a typi-
cal greenhouse vegetable production system in China. Human 
and Ecological Risk Assessment: An International Journal, 20(5), 
1264–1280.

Huang, B., Shi, X., Yu, D., Öborn, I., Blombäck, K., Pagella, T.F., . . . 
 Sinclair, F.L. (2006). Environmental assessment of small-scale 
vegetable farming systems in peri-urban areas of the Yangtze 
River Delta Region, China. Agriculture, Ecosystems & Environ-
ment, 112(4), 391–402.

Ikem, A., Campbell, M., Nyirakabibi, I., & Garth, J. (2008). Base-
line concentrations of trace elements in residential soils from 
Southeastern Missouri. Environmental Monitoring and Assessment, 
140(1–3), 69–81.

Iñigo, V., Andrades, M.S., Alonso-Martirena, J.I., Marín, A., & Jimé-
nez-Ballesta, R. (2013). Spatial variability of cadmium and lead 
in natural soils of a humid Mediterranean environment: La Rioja, 
Spain. Archives of Environmental Contamination and Toxicology, 
64(4), 594–604.

International Agency for Research on Cancer. (2020). Agents classi-
fied by the IARC monographs (Vol. 1–127). Retrieved from https://
monographs.iarc.fr/agents-classified-by-the-iarc/

Lee, C.S., Li, X., Shi, W., Cheung, S.C., & Thornton, I. (2006). 
Metal contamination in urban, suburban, and country park soils 

References

dents. The heavy metals accumulate to some 
extent in suburban soils. We found that con-
centrations of Pb, Cr, Cu, and especially Zn 
were higher in soils from greenhouses than 
in soils from open fields, which indicates that 
there is a difference in environmental quality 
between the two cultivation practices. The 
assessment results show that some soils from 
suburban vegetable fields were moderately 
to heavily contaminated by Cu, Cr, and Cd, 
and that the proportion of polluted soils in 
greenhouses was higher than in open fields. 
Although elevated heavy metal concentra-
tions were found in some suburban vegetable 
soils compared with background concentra-
tions, both carcinogenic and noncarcinogenic 
risk values obtained in our study were in the 

expected range, with the pathway of inges-
tion resulting in the highest risk level for 
both children and adults for the overall non-
carcinogenic risk. 

The total exposure amounts of some met-
als were 12 times higher for children than the 
corresponding values for adults for noncar-
cinogenic risks, with Cr and As of the most 
concern with regard to the potential occur-
rence of health effects. Appropriate measures 
should be taken to effectively control heavy 
metal levels in suburban vegetable soils, with 
emphasis on greenhouses in suburban areas. 
Of note, special focus is needed to protect 
children’s health. Further study is needed 
regarding available heavy metals in soils. This 
research can provide a more accurate assess-

ment of health risks to suburban residents 
from heavy metal exposure. 
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Introduction: Risk Factors of 
Infection for the Outdoor Athlete
Contact with environmental sources of 
pathogens provides numerous avenues—di-
rectly and indirectly—for infection and ill-
ness. In the case of participants in outdoor 
athletic events, this risk is likely to fall ini-
tially on otherwise healthy young adults (i.e., 
populations not traditionally considered at 
risk). Therefore, this issue might stay off the 
radar of many healthcare professionals. The 
environmental health professional is well 
situated to synthesize across disciplines and 
take the lead on this underacknowledged in-
fection risk.

In public health surveillance practices, 
at-risk populations for infectious disease in-
clude older adults, infants, pregnant wom-

en, and those who are immunocompromised 
due to illness or medical treatment (Gerba, 
Rose, & Haas, 1996). These groups do not, of 
course, fully encompass all populations that 
are at risk for infectious disease at any given 
time and in any given context. Athletes who 
engage in outdoor sporting events poten-
tially are not viewed as an at-risk population 
due to their otherwise good health and rela-
tive young age. Athletes who participate in 
outdoor sporting events, however, are at an 
increased risk for contracting disease due to 
close contact with environmental reservoirs 
of pathogens such as soil, mud, and water 
(Young, Niedfeldt, Gottschlich, Peterson, & 
Gammons, 2007), as well as their immune 
system might be suppressed because of fa-
tigue (Gomez-Merino, Chennaoui, Burnat, 

Drogou, & Guezennec, 2003). With the ev-
er-increasing popularity of outdoor sports, 
it is critical to include these risk factors in 
public health surveillance and individual 
health treatment and diagnosis. In the case 
of an outbreak, frontline environmental 
health professionals, public health profes-
sionals, and healthcare professionals might 
be less likely to connect the dots unless they 
are mindful of the linkages between infec-
tions and outdoor sporting events and their 
participants. And in the case of sporadic in-
fections, healthcare professionals might be 
less likely to rapidly and accurately identify 
an infectious disease unless they remain 
aware that a patient’s participation in such 
a sporting event could suggest appropriate 
diagnostics and treatment. 

The environmental health profession-
al (i.e., a professional knowledgeable in 
health risks due to environmental contact) 
is well situated to play an essential role in 
aggregating and synthesizing information 
across this complex landscape and com-
municating risks and mitigation policies to 
healthcare professionals and environmental 
decision makers. We present a number of 
specific cases in order to give concrete ex-
amples of the real infection risk presented 
by outdoor sporting events. We also provide 
background on activity-related immune 
dysregulation to further support this risk as-
sessment and risk communication. Further-
more, we provide policy recommendations 
for environmental health professionals. Our 
intent is to raise awareness of this issue, as 
it is generally underacknowledged, and has 
great potential to increase in magnitude as 
more and more participants engage in these 
outdoor sporting events.

Abst ract  Infectious disease outbreaks related to outdoor 

sporting events are an underacknowledged environmental health risk. We 

reviewed documented instances of sporting events that led to outbreaks 

of illness due to interactions of athletes with environmental pathogen 

reservoirs such as soil or water. We note that aspects of outdoor athletic 

activities can mediate a suppression in immune function. The implications 

of this review are of particular interest to environmental health professionals 

and healthcare professionals, as they show that populations of young, 

otherwise healthy adult athletes and other members of their communities 

are a contextually at-risk group to be aware of in order to improve and 

speed ability to cluster individuals in outbreaks, and for diagnosis and 

prevention for individual patients. This review highlights an opportunity 

where environmental health professionals can provide a critical linkage 

between patients and the environment.
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Mud, Soil, and Sand
An athlete’s exposure to soil or mud (i.e., sat-
urated and viscid soil) can create a pathway 
for infection by a number of pathogens (Table 
1). One of the better publicized examples of 
an outdoor sporting event that led to an out-
break among participants is a 2008 moun-
tain bike race in Wales where mud splashed 
into the mouths of some bikers; this action 
was ultimately linked to gastrointestinal ill-
ness (Griffiths et al., 2010). Nearly one half 
(161/347) of race participants who responded 
to an administered survey reported that they 
had acquired a gastrointestinal disease with 
symptoms such as fatigue, diarrhea, abdomi-
nal pain, fever, nausea, vomiting, and blood in 
stool, and 10 were laboratory confirmed with 
campylobacteriosis. The majority of these 
respondents were between the ages of 25 and 
44 (i.e., young adults). Although not all cases 
were confirmed by microbiological assays, 
the conditions and symptoms match that 
of campylobacteriosis and infection likely 
was caused by exposure through soil either 
directly to the mouth or via the hands of race 
participants as they consumed contaminated 
liquids and/or food during the race. Campy-
lobacter was believed to have come from the 
feces of sheep that were reported to have 
roamed through the bike course prior to the 
race, the feces being mixed into mud due to 
heavy rains. When bikers were trailing one 
another, the lagging bikers had mud splashed 
into their face from the spinning wheels of 
the biker in front (Griffiths et al., 2010).

Another example of an outbreak linked 
to mud exposure is a 2012 mud race in Ne-
vada, where participants traversed an ob-
stacle course filled with mud, ultimately 
leading to 22 people experiencing gastroin-
testinal illness; 4 were laboratory confirmed 
for campylobacteriosis (Ziegler et al., 2014). 
It was noted that the participants were pri-
marily active military, thereby implying that 
this population was generally healthy and 
young. Common-source outbreaks of campy-
lobacteriosis have been previously attributed 
to animal feces (Ziegler et al., 2014) and it 
seems likely that feces were again the main 
source of bacterial contamination, as the race 
was held on a cattle ranch and participants 
reported seeing cattle and swine during the 
race. Due to a lack of formal policies target-
ing these types of issues, the event organizers 
were most likely unaware of the risk present-

ed to the race participants, who were both 
fatigued and directly exposed to an environ-
mental pathogen reservoir.

Furthermore, a 2013 mud race in Michi-
gan was linked to an outbreak that led to the 
Michigan Department of Community Health 
receiving more than 200 reports of gastroin-
testinal symptoms in a span of 4 days after the 
race had concluded. The outbreak later was 
attributed to norovirus based on symptoms 
and duration of illness (Michigan Depart-
ment of Health & Human Services, 2013). 
In 2015, at Mud Day in Levens, France, at 
least 1,000 out of approximately 8,200 par-
ticipants became ill after participating in a 
mud race (Six, Giron, & Galey, 2016). This 
outbreak was also attributed to norovirus.

In 2015, a mud event was linked to an 
outbreak of skin rashes ascribed to Pantoea 
agglomerans in Chester County, Pennsylva-
nia. Following physician notification to the 
Chester County Health Department (CCHD) 
of a rash on a participant in the mud event, 
CCHD sent a survey to known participants, 
who, in turn, peer-shared the survey with 
other participants. Of the 60 individuals who 
returned the survey, 51 reported participat-
ing in the event. Of those 51 participants, 
22 reported a skin rash (4 reported seeing a 
physician about the rash), with 1 reporting 
a positive test for P. agglomerans. Four soil 
samples were collected 3 days after the event 
ended. All soil samples tested negative for P. 
agglomerans (J. Achenbach, personal com-
munication, August 2016), although P. ag-
glomerans, a plant pathogen that can infect 
humans (Cruz, Cazacu, & Allen, 2007), has 
been isolated from surface waters in Pennsyl-
vania (Gultekin & Huffman, 2008).

Another example of a mud-related out-
break linked to a sporting event is an Aeromo-
nas hydrophila outbreak in Australia, where 
a charity mud football game was played on 
a mud field that had been soaked with wa-
ter from a local waterway from which A. hy-
drophila was later cultured (Vally, Whittle, 
Cameron, Dowse, & Watson, 2004). This 
outbreak included infections of skin lesions 
and some patients had systemic symptoms. 
It was reported that 26 players sought emer-
gency care, and cultured swab samples from 
2 patients contained A. hydrophila. Most of 
the 26 patients were young: 15 of them were 
under 18 years and the oldest was 43 years. 
An additional 16 patients were reported to 

have gone to their general practitioners for 
related treatment. There were approximately 
100 players involved in this event (Vally et 
al., 2004). A. hydrophila was not confirmed 
from the mud or soil; however, such con-
firmation is complicated in these types of 
analyses due to lag time after identification 
of an outbreak leading to inability to take 
environmental samples in a timely fash-
ion. It was noted that growth in an irriga-
tion system could allow for dispersal of the 
pathogen to soil and mud, and reduced flow 
in surface waters due to low rainfall can in-
crease concentrations of pathogens in river 
water (Vally et al., 2004). Additionally, bac-
teria can multiply in soil and therefore con-
tinual wetting can increase pathogen levels 
in mud (Vally et al., 2004).

A. hydrophila has been reported as a cause 
of gastroenteritis and wound infections for 
individuals who participate in activities in 
outdoor settings, such as hiking (Centers 
for Disease Control and Prevention [CDC], 
1990). In 1988 and 1989, 225 A. hydrophila
isolates were reported from 219 patients 
across California; 19 of these were wound 
infections and of those, 13 were wounded 
outdoors. Additionally, the highest incidence 
of cases reported were in individuals 30–39 
years (i.e., young adults).

Sand can present risks similar to soil ex-
posure. In a survey and observational study 
of seven U.S. beaches, it was found that there 
was an elevated risk of gastrointestinal illness 
for those who dug in or were covered in sand 
(Heaney et al., 2009). This study illustrates 
risk that is associated with sporting events 
held on beaches, as sand is a potential envi-
ronmental reservoir of pathogens (Fewtrell 
& Kay, 2015).

Furthermore, even without strenuous ex-
ercise, events that involve hiking and rock 
climbing can lead to lesions on participants 
due to injuries, even minor ones. When later 
coming into contact with contaminated mud, 
soil, or water without proper cleaning and 
covering, the lesions could provide a route of 
transmission for infection.

Water and Associated Sports 
Equipment
Along with soil acting as a source of transmis-
sion for pathogens, water or equipment used 
in water environments can act as an infection 
source for athletes as well. This environmen-
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tal health risk is widely understood (Clayton 
et al., 2017; Graciaa et al., 2018). Sports such 
as snorkeling and SCUBA diving, in addition 
to triathlons and other water events, provide 
such contact risks. These popular sports can 
require participants to reuse mouthpieces, 
suits, and other equipment that previously 
have been used by others and need to be 
thoroughly cleaned and disinfected prior to 
use by others. Bacterial buildup potentially is 
present in parts of SCUBA diving equipment, 
potentially leading to elevated risk of bacte-
rial transmission because not every piece in 
the equipment can be entirely disinfected. 
We are unaware of any reported infections 
due to this source and emphasize that this 
statement is not meant to imply that severe 
risks are currently known in the diving com-
munity, but to emphasize that risks of infec-
tion can be present in this context.

In addition to infection via contaminated 
equipment, and as with the other sporting 
events mentioned above, both fatigue and 
contact with pathogens in the surrounding 
environment can lead to divers and snorkel-
ers contracting illnesses. A specific example 
can be seen in a 1982 outbreak of gastroin-
testinal illness among 40 firefighters in the 
New York City Fire Department who were 
being trained to SCUBA dive in order to ef-
fectively respond to pier-related fire emer-
gencies. The divers had a mean age of ap-
proximately 36 years. During their training, 
21 of 40 participants reported symptoms 
of gastrointestinal illness such as diarrhea, 
changes in stool consistency, and abdomi-
nal pain (CDC, 1983). The divers were re-
ported to have used standard SCUBA masks 
and wetsuits; despite their protective gear, 
they reported inadvertent ingestion of small 
amounts of potentially contaminated water 
while swimming at the surface or by using 
mouthpieces that contacted water prior to 
their own use of that equipment. Entamoeba 
histolytica, Giardia lamblia, and Campylo-
bacter were all cultured from stool samples 
of the divers.

Another water-related outdoor athletic 
event outbreak was tied to a 1998 triathlon 
in Springfield, Illinois. The athletes and sur-
rounding community experienced an out-
break of leptospirosis, as determined by a 
phone survey done at the time. Of the 876 
triathletes, 834 were contacted and of those, 
98 reported illness (Morgan et al., 1998). Se-

rum samples were collected from 474 athletes 
and of those, 52 tested positive for leptospi-
rosis. Ingestion of water in Lake Springfield 
was linked to this outbreak. Additionally, 248 
symptomatic residents were reported and of 
those, 14 tested positive for leptospirosis. 
This outbreak was the largest leptospirosis-
related outbreak in the U.S. and likely was 
initiated by heavy rains that would have pro-
moted the contamination of Lake Springfield 
by Leptospira (Morgan et al., 1998).

Fatigue and Immune Suppression
In addition to infection risk due to environ-
mental contact, an athletic event per se intro-
duces a risk factor: fatigue can be a significant 
contributor to immunosuppression, thereby 
increasing infection risk for the outdoor ath-
lete. In 2003, a study was conducted to test 
the effects of a 5-day military training pro-
gram of the French Military Officer School 
on immune response. The results suggest 
that prolonged exercise brings about immune 
impairment due to a decrease in mucosal 
immunity and the release of the pro-inflam-

matory cytokine interleukin 6 (IL-6) into 
circulation. The population that was tested 
was a group of 26 male soldiers with an aver-
age age of 21 years (i.e., young adults). Saliva 
samples were analyzed periodically through-
out the training program and showed sig-
nificant decreases in markers such as salivary 
immunoglobulin A (IgA), thereby suggest-
ing that the high levels of physical exertion 
that the men underwent was associated with 
rapid immunosuppression (Gomez-Merino 
et al., 2003).

Additionally, endurance athletes have 
been found to be at an increased risk for 
upper respiratory tract infections (URTIs) 
during periods of heavy training as well 
as 1- to 2-weeks after an endurance event 
(Nieman, 1997). These athletes exhibited 
decreases in immune function through de-
creases in neutrophils, natural killer cell 
activity, and mitogen-induced lymphocyte 
proliferation, all of which could contribute 
to higher rates of URTIs in athletes (Nie-
man, 1997). Similarly, Gleeson and coau-
thors (2012) argue that along with the in-

Relevant Pathogens and Outbreak Information

Pathogen Location of Event Activity Symptoms

Campylobacter Wales, UK Outdoor bike race Fatigue, diarrhea, 
abdominal pain, fever, 
nausea, vomiting, 
bloody stool

Nevada, U.S. Mud obstacle race

New York City, U.S. Diving

Norovirus Michigan, U.S. Mud race Nausea, vomiting, 
abdominal pain or 
cramps, watery or loose 
diarrhea, malaise, low-
grade fever, muscle pain

Aeromonas hydrophila Collie, Australia Mud football Infected lesions, 
rash, malaise, fever, 
headache, myalgia, 
nausea, rigors, sore 
throat, earache

California, U.S. Various outdoor sports

Entamoeba histolytica New York City, U.S. Diving Loose stool, stomach 
pain, stomach cramping

Giardia lamblia New York City, U.S. Diving Profuse watery 
diarrhea, bloating, 
abdominal cramping, 
flatulence

Leptospira Illinois, U.S. Triathlon (swimming) High fever, headache, 
chills, muscle aches, 
vomiting, jaundice, red 
eyes, abdominal pain, 
diarrhea, rash

TABLE 1

JEH_10-20_PRINT.indd   24 9/4/20   10:01 AM



October 2020 • Journal of Environmental Health 25

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

fectious episode itself, some symptoms of 
URTIs in exercisers are due to immune dys-
function itself in the setting of prolonged 
exercise. The cause of this immune depres-
sion has been linked to increases in circu-
lating stress hormones such as adrenaline 
and cortisol, alterations in the pro- and an-
ti-inflammatory cytokine balance, and in-
creases in free radicals. In a separate study, 
Gleeson (2013) points out that prolonged 
bouts of intense exercise with limited re-
covery due to frequent training in conjunc-
tion with psychological stress and lack of 
sleep can combine to effect reduced im-
mune function in athletes, placing them at 
increased risk for a plethora of infections.

Another risk factor related to immune 
dysregulation can be found in high altitude 
hiking or rock climbing, as reduced oxygen 
levels coupled with a harsh, pathogen-rich 
environment can lead to a high state of sus-
ceptibility to infection (Basnyat, Cumbo, 
& Edelman, 2009). As noted by studies of 
human immunity in high-altitude environ-
ments, these extreme environments can fur-
ther contribute to immunosuppression and 
illness via a multitude of stressors such as 
increased UV radiation exposure, hypobar-
ia, hypoxemia, intense weather conditions, 
inability to maintain hygiene, and a lack 
of access to basic medical treatments (Bas-
nyat et al., 2009). Increased UV radiation 
has been demonstrated to suppress T cell-
mediated immunity, reduce the activity of 
antigen-presenting cells, cause DNA dam-
age that has downstream deleterious effects 
on immune function due to subsequent 
DNA malfunction, and stimulate cytokine 
activity that leads to immunosuppression 
(Elmets, Cala, & Xu, 2014). UV-related 
DNA damage triggers a cascade of effects, 
ultimately causing a condition of antigen-
specific, systemic T lymphocyte-mediated 
immunosuppression. The main component 
of this cascade includes epidermal cyto-
kines that modulate the immune response 
to antigens for the host (Kripke, 1994). 
Along with the effects of UV exposure, hy-
pobaria and hypoxemia also lead to stresses 
that impact the immune system (Mazzeo, 
2005). With the added stress of exercise 
to hypoxia, effects can include substantial 
suppression of the mucosal immune system 
that can be detected via a cumulative de-
cline in salivary IgA levels (Mazzeo, 2005).

Conclusion: The Critical Role 
of the Environmental Health 
Professional
The infectious disease risks of outdoor sport-
ing events are clear and have been at the root 
of a number of documented outbreaks. The 
environmental health professional is well 
situated to play a key role in mitigating or 
reducing these risks.

For organized events such as mud runs, ob-
stacle races, or mountain bike races, sampling 
for pathogenic or indicator microorganisms in 
sand or soil should be considered for inclu-
sion in regulatory frameworks that have the 
goal of protecting outdoor sports participants 
from infectious diseases (Solo-Gabriele et al., 
2015). This sampling can be done by third-
party environmental health organizations or 
by the event organizers themselves, and could 
be a component of permitting of such events. 
This step (i.e., soil or sand sampling) can also 
provide material for traceback of pathogens in 
the case of an outbreak potentially linked to 
this source, and can provide data for establish-
ing restriction limits for mud or soil contact. 
Additionally, sites on or near farmland with 
livestock should be avoided for these types 
of events. Also, weather events such as rain 
that can affect pathogen levels in mud or soil 
should be taken into account with regard to 
potential cancellation of events. Ultimately, 
proactively identifying environments that 
might increase infection risk for participants 
and others in their communities can prevent 
or reduce future outbreaks and help limit en-
vironmental health risks.

For outdoor sports in general, and espe-
cially those of the extreme type, it is critical 
to raise awareness of these infection risks 
because the exposed populations are often 
in demographic categories (i.e., young and 
otherwise healthy athletes) that are not per-
ceived generally as being at risk. It is clear, 
however, that these activities present signifi-
cant opportunities for infection due to the 
combination of environmental sources of in-
fection and immune dysfunction of the ath-
letes participating in these events.

While the routes of transmission can be 
direct, affecting the participants themselves, 
a broader and potentially severe risk associ-
ated with an athlete contracting an infection 
from an outdoor sporting event is that an as-
ymptomatic or subclinical carrier from these 
sports could transmit a pathogen to someone 

in the classical at-risk populations at their 
home or workplace. For example, if an em-
ployee of a healthcare facility, nursing home, 
or day care is infected, that infection could be 
transmitted from the caregiver to the cared-
for individual. A young, healthy athlete 
might have a self-limiting or asymptomatic 
infection that could present as a severe and 
even life-threatening disease in the context of 
the classical at-risk populations: older adults, 
infants, pregnant women, and those who are 
immunocompromised due to illness or medi-
cal treatment (Gerba et al., 1996). 

We note that we are unaware of any ex-
amples of this occurrence, but we include it 
as a potential risk that is underacknowledged 
and to highlight an opportunity where envi-
ronmental health professionals can provide 
a critical linkage between patients and the 
environment in the case of an outbreak with 
suspected traceability to an environmental 
source. Environmental health professionals 
have extensive training and critical experi-
ence in assessing, synthesizing, and commu-
nicating complex risks associated with com-
plex environments and can be key players in 
reducing or mitigating risk associated with 
infection from outdoor sporting events. By 
reducing the infection risk to athletes, there 
is a decreased risk of secondary infection in 
the community.

It would be of great value for environ-
mental health professionals to reach out 
to and coordinate with other public health 
professionals and healthcare professionals 
to expand awareness that outdoor sporting 
events are potential sources of infection. 
This awareness can lead directly to imple-
mentable changes in practice. For example, 
during a health assessment or outbreak in-
vestigation, especially one involving indi-
viduals who are otherwise healthy, young 
adults but who have infectious diseases 
of the skin or gastrointestinal tract of un-
known etiology, including questions about 
participation in outdoor sporting activities 
and sharing any positive responses with lo-
cal public health and environmental health 
agencies can shed light on these risks. The 
understanding that immune dysregulation 
generally accompanies physical exertion is a 
critical motivator to performing such inves-
tigations; otherwise, one might suppose that 
this community, primarily composed of oth-
erwise healthy young adults, does not need 
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such investigation. The assumption is that 
these athletes would be unlikely to become 
severely ill as readily as classical at-risk pop-
ulations. Additionally, if there is an outbreak 
of infectious disease of the skin or gastro-
intestinal tract of unknown etiology among 
individuals of classical at-risk populations 
(e.g., at a healthcare or child care facility), 
we recommend asking if the infected indi-

viduals have been in contact with a partici-
pant in an outdoor sporting event. This step 
can reveal if such events might have been 
the source of the infection.

Environmental health professionals are well 
aware of the infection risks due to contact with 
numerous substrates under various conditions. 
Giving particular consideration to environmen-
tally acquired infections due to outdoor sport-

ing events can add to the toolbox that these 
professionals use to ensure healthy and enjoy-
able interactions with the environment. 
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Basnyat, B., Cumbo, T.A., & Edelman, R. (2009). Infectious dis-
eases at high altitude. In D. Schlossberg (Ed.), Infections of leisure 
(4th ed., pp. 349–357). Washington, DC: American Society for 
Microbiology.

Centers for Disease Control and Prevention. (1983). Gastrointes-
tinal illness among scuba divers—New York City. Morbidity and 
Mortality Weekly Report, 32(44), 576–577.

Centers for Disease Control and Prevention. (1990). Aeromonas 
wound infections associated with outdoor activities—California. 
Morbidity and Mortality Weekly Report, 39(20), 334–335, 341.

Clayton, J.L., Manners, J., Miller, S., Shepherd, C., Dunn, J.R., 
Schaffner, W., & Jones, T.F. (2017). Water quality survey of splash 
pads after a waterborne salmonellosis outbreak—Tennessee, 
2014. Journal of Environmental Health, 79(10), 8–12.

Cruz, A.T., Cazacu, A.C., & Allen, C.H. (2007). Pantoea agglomer-
ans, a plant pathogen causing human disease. Journal of Clinical 
Microbiology, 45(6), 1989–1992.

Elmets, C.A., Cala, C.M., & Xu, H. (2014). Photoimmunology. Der-
matologic Clinics, 32(3), 277–290.

Fewtrell, L., & Kay, D. (2015). Recreational water and infection: A 
review of recent findings. Current Environmental Health Reports, 
2(1), 85–94.

Gerba, C.P., Rose, J.B., & Haas, C.N. (1996). Sensitive populations: 
Who is at the greatest risk? International Journal of Food Microbiol-
ogy, 30(1–2), 113–123.

Gleeson, M. (2013). Exercise, nutrition and immunity. In P.C. 
Calder & P. Yaqoob (Eds.), Diet, immunity and inflammation (pp. 
652–685). Cambridge, UK: Woodhead Publishing Limited.

Gleeson, M., Walsh, N.P., & British Association of Sport and Exercise 
Sciences. (2012). The BASES expert statement on exercise, immu-
nity, and infection. Journal of Sports Sciences, 30(3), 321–324.

Gomez-Merino, D., Chennaoui, M., Burnat, P., Drogou, C., & Gue-
zennec, C.Y. (2003). Immune and hormonal changes following 
intense military training. Military Medicine, 168(12), 1034–1038.

Graciaa, D.S., Cope, J.R., Roberts, V.A., Cikesh, B.L., Kahler, A.M., 
Vigar, M., . . . Hlavsa, M.C. (2018). Outbreaks associated with 
untreated recreational water—United States, 2000–2014. Morbid-
ity and Mortality Weekly Report, 67(25), 701–706.

Griffiths, S.L., Salmon, R.L., Mason, B.W., Elliott, C., Thomas, D.R., 
& Davies, C. (2010). Using the internet for rapid investigation of 

an outbreak of diarrhoeal illness in mountain bikers. Epidemiol-
ogy and Infection, 138(12), 1704–1711.

Gultekin, H., & Huffman, J.E. (2008). Isolation, identification and 
antibiotic resistance of Gram negative bacteria from Ross Com-
mon Creek, Saylorsburg, Pennsylvania. Journal of the Pennsylvania 
Academy of Science, 82(1), 3–6.

Heaney, C.D., Sams, E., Wing, S., Marshall, S., Brenner, K., Dufour, 
A.P., & Wade, T.J. (2009). Contact with beach sand among beach-
goers and risk of illness. American Journal of Epidemiology, 170(2), 
164–172.

Kripke, M.L. (1994). Ultraviolet radiation and immunology: Some-
thing new under the sun—Presidential address. Cancer Research, 
54(23), 6102–6105.

Mazzeo, R.S. (2005). Altitude, exercise and immune function. Exer-
cise Immunology Review, 11, 6–16.

Michigan Department of Health & Human Services. (2013, July 5). 
MDCH confirms norovirus in Tough Mudder investigation: Partici-
pants with symptoms urged to stay home, prevent the spread. 

Morgan, J., Bornstein, S.L., Karpati, A.M., Bruce, M., Bolin, C.A., 
Austin, C.C., . . . Leptospirosis Working Group. (2002). Outbreak 
of leptospirosis among triathlon participants and community res-
idents in Springfield, Illinois, 1998. Clinical Infectious Diseases, 
34(12), 1593–1599.

Nieman, D.C. (1997). Risk of upper respiratory tract infection in 
athletes: An epidemiologic and immunologic perspective. Journal 
of Athletic Training, 32(4), 344–349.

Six, C., Giron, S., & Galey, C. (2016). Investigation of an outbreak 
of viral gastroenteritis after an obstacle course in the Alpes-Mari-
times, June 2015 [Article in French]. Saint-Maurice, France: Pub-
lic Health France. Retrieved from https://www.santepublique 
france.fr/regions/provence-alpes-cote-d-azur-et-corse/documents/
rapport-synthese/2016/investigation-d-une-epidemie-de-gastro-
enterites-virales-survenues-apres-une-course-a-obstacles-alpes-
maritimes-juin-2015

Solo-Gabriele, H.M., Harwood, V.J., Kay, D., Fujioka, R.S., Sadowsky, 
M.J., Whitman, R.L., . . . Brandão, J.C. (2015). Beach sand and the 
potential for infectious disease transmission: Observations and 
recommendations. Journal of the Marine Biological Association of 
the United Kingdom, 96(1), 101–120.

References

JEH_10-20_PRINT.indd   26 9/4/20   10:01 AM



October 2020 • Journal of Environmental Health 27

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

Vally, H., Whittle, A., Cameron, S., Dowse, G.K., & Watson, T. 
(2004). Outbreak of Aeromonas hydrophila wound infections 
associated with mud football. Clinical Infectious Diseases, 38(8), 
1084–1089.

Young, C.C., Niedfeldt, M.W., Gottschlich, L.M., Peterson, C.S., & 
Gammons, M.R. (2007). Infectious disease and the extreme sport 
athlete. Clinics in Sports Medicine, 26(3), 473–487.

Ziegler, M., Claar, C., Rice, D., Davis, J., Frazier, T., Turner, A.,  
. . . Leaumont, C.F. (2014). Outbreak of campylobacteriosis asso-
ciated with a long-distance obstacle adventure race—Nevada, 
October 2012. Morbidity and Mortality Weekly Report, 63(17), 
375–378.

References

updated

THANK YOU for Supporting the NEHA/AAS Scholarship Fund

Abdihakim Ahmed

Allen Alexander

American Academy  
of Sanitarians

Bianca Arriaga

James J. Balsamo, Jr.

David Banaszynski

Edward Barragan

Cynthia Bartus

Annalise Basch

Mikayla Bell

Sammy Berg

Chirag H. Bhatt

Freda W. Bredy

Corwin D. Brown

D. Gary Brown

William B. Burrows

Lisa Bushnell

Ricardo Calderon

Jack Caravanos

Kimberley Carlton

Diane Chalifoux-Judge

Valerie Cohen

Paula Coleman

Brian K. Collins

Richard F. Collins

Jason Colson

Sofia DaCosta

Lorrie J. Dacuma

Daniel de la Rosa

Casey Decker

Concetta A. DiCenzo

Kimberly M. Dillion

Michele R.R. DiMaggio

Jennifer Dobson

Brittny Douglas

Theresa Dunkley-
Verhage

Praveen Durgampudi

Diane R. Eastman

Daniel A. Ellnor

Ezekiel Etukudo

Faith Ezell

Mark S. Fine

Darryl J. Flasphaler

Lynn Fox

Debra Freeman

Heather Gallant

David P. Gilkey

Ashly Glenn

Keenan Glover

Cynthia L. Goldstein

Russell J. Graham

Carolyn J. Gray

Jacqueline A. Gruza

Carrie Gschwind

Roberta M. Hammond

Amanda Hart

Carolyn H. Harvey

Donna K. Heran

Peter W. Hibbard

Emma Hix

William Holland

Elisha Hollon

Scott E. Holmes

Chao-Lin Hsieh

William S. Jenkins

T. Stephen Jones

Samuel J. Jorgensen

Tameika Kastner

Linda Kender

James Kenny

Todd W. Lam

Ayaka Kubo Lau

Philip Leger

Sandra M. Long

Chanelle Lopez

Luis Lopez

Patricia Mahoney

Jason W. Marion

Kerri S. Martin

Zackary T. Martin

Shannon McClenahan

Kathleen D. McElroy

Gabriel McGiveron

Aruworay Memene

Raymond P. Merry

Cary Miller

Graeme Mitchell

Leslie D. Mitchell

Kristy Moore

Wendell A. Moore

Joseph W. Morin

George A. Morris

Timothy J. Murphy

Japheth K. Ngojoy

Brion A. Ockenfels

Brandon Parker

Michael A. Pascucilla

Munira Peermohamed

R. Alden Pendleton

Earl W. Phillips

Stephen E. Pilkenton

Greg Pol

Robert W. Powitz

Laura A. Rabb

Vince Radke

Nicole M. Real

Craig A. Rich

David E. Riggs

Welford C. Roberts

Edyins Rodriguez Millan

Fernando Salcido

Peter H. Sansone

Lea Schneider

Ryan Schonewolf

Michele E. Seeley

Francis X. Sena

Zia Siddiqi

Aaron K. Smith

Karen W. Smith

Jacqueline Sommers

James M. Speckhart

Danielle Stanek

Rebecca Stephany

Martin J. Stephens

Crystal Stevenson

Kelly M. Taylor

Cyndi A. Tereszkiewicz

Ned Therien

Rebecca Vera

Brian S. White

Marcel White

Ginna Wichmann

Edward F. Wirtanen

Linda L. Zaziski

To donate, visit www.neha.org/about-neha/donate.

JEH_10-20_PRINT.indd   27 9/4/20   10:01 AM



28 Volume 83 • Number 3

A D VA N C E M E N T  O F  T H E  PRACTICEA D VA N C E M E N T  O F  T H E  PRACTICE

 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

E nvironmental health problems require 
data to be solved. As a result, public 
health professionals are, by nature, 

data explorers. Attempting to identify, mea-
sure, and respond to pressing environmental 
health problems requires reliable data that are 
accessible, understandable, timely, and ac-
tionable. Data do not, however, collect them-
selves. They must be collected and put into a 
useable format. The Centers for Disease Con-
trol and Prevention’s (CDC) Environmental 
Public Health Tracking Program (Tracking 
Program) does exactly that.

How Does the Tracking 
Program Help?
The CDC Tracking Program funds 26 state and 
local programs that feed data into a national 
surveillance system called the National Envi-

ronmental Public Health Tracking Network 
(Tracking Network). The Tracking Network 
provides valuable tools for environmental 
health professionals. For example, the Data 
Explorer produces interactive maps, tables, 
and charts to visualize more than 500 environ-
mental and health data measures. The Info by 
Location tool empowers users to quickly learn 
about the top environmental issues by county 
or ZIP code. Most importantly, the Tracking 
Program is built and run by a national net-
work of public health professionals whose pri-
ority is to help address the public health data 
gaps that practitioners encounter.

What Is the Info by 
Location Tool?
Info by Location provides users with a quick 
snapshot of the top environmental issues a 

community experiences (Figure 1). Users 
can enter a county name or ZIP code and get 
data about demographics including income, 
sex, age, ethnicity, and race. Additionally, 
the tool provides a variety of environmental 
public health data, such as population prox-
imity to parks and highways, and explains 
how those factors impact public health out-
comes. Furthermore, users can learn how 
the region compares to the national rates 
for asthma, smoking, heart attacks, and par-
ticulate matter that affects air quality. Lastly, 
it shows how many days per year an area 
experiences unhealthy levels of ozone and 
extreme heat. Want to learn more? Each 
topic directly links to the complete data 
housed within the Data Explorer.

What Is the Data Explorer Tool?
Users can create custom maps, tables, and 
charts with the Data Explorer. The mapping 
feature provides the ability to view multiple 
map backgrounds and a side-by-side compar-
ison of data on two separate maps that can 
be linked together so you can navigate them 
simultaneously (Figure 2). Additionally, 
users can add points of interest, such as nurs-
ing homes, hospitals, and urgent care facili-
ties, to any data map. Additional map features 
include real-time data overlays like weather, 
surface smoke, carbon monoxide poison-
ing (regional), and active Atlantic cyclones. 
Users can easily share a link directly to data 
of interest, export images, and download the 
raw data. If the data points cover multiple 
years, users can watch the data trend over 
time. Best of all, the tool includes built-in 
tutorials, making exploring the data easy and 
fun. Lastly, if users want to create an app that 

Empowered by Tracking:  
Using Data to Solve Public 
Health Problems

Edi tor ’s  Note :  NEHA strives to provide up-to-date and relevant 

information on environmental health and to build partnerships in the 

profession. In pursuit of these goals, the National Environmental Health 

Association (NEHA) features this column on environmental health services 

from the Centers for Disease Control and Prevention (CDC) in every issue 

of the Journal. 

In these columns, authors from CDC’s Water, Food, and Environmental 

Health Services Branch, as well as guest authors, will share insights and 

information about environmental health programs, trends, issues, and 

resources. The conclusions in these columns are those of the author(s) and 

do not necessarily represent the official position of CDC. 

Chad Curtiss is a Student Work Experience Program intern with CDC’s 

Environmental Health Tracking Program. Anne Ussery-Hall is a public 

health analyst with CDC’s Environmental Health Tracking Program.

Chad Curtiss Ann Ussery-
Hall, MPH, 
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uses Environmental Public Health Tracking
Data, they have an application programming
interface (API) for that as well.

The Tracking Program is more than just
tools—it is also a network of professionals
who value addressing data gaps that arise
when trying to respond to environmental
health concerns. Is the data you are looking
for more specific to a region or locality? Find-
ing some informed, helpful guidance is closer
than CDC headquarters. With 26 state and
local Tracking Programs across the nation
(Figure 3), help is just a local inquiry away.

How Are Professionals Using
These Tools?
The Tracking Program provides a vital lifeline
to help public health practitioners find and
use data to impact the environmental health
issues their communities face where they
live, work, and play. For example:
• The Wisconsin Poison Center partnered with

the Wisconsin Tracking Program to create a
real-time system to notify health department

Example of Info by Location Snapshot

FIGURE 1

Example of Data Explorer Side-by-Side Data Maps

FIGURE 2

Better information for better health

Info by Location
www.cdc.gov/ephtracking
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staff of an unusually high number of calls to
the poison center about carbon monoxide.

• The New Mexico Department of Health
worked with the New Mexico Tracking
Program to develop an interactive mapping
tool to help residents determine their expo-
sure risk from dangerous wildfi re smoke.

• The Missouri Department of Health and
Senior Services collaborated with the Mis-
souri Tracking Program to create an inter-
active map of cooling centers during the
height of summer, helping reduce heat-
related illnesses and deaths.
As public health professionals tackle envi-

ronmental health issues in their communi-
ties, many fi nd the Tracking Program to be a
valuable resource that helps support studies,
inform policies, target programs and inter-

ventions, improve surveillance, identify com-
munities at risk, impact city or state plan-
ning, and educate communities.

Where Do I Find These Tools?
Visit CDC’s Tracking Network at www.cdc.
gov/ephtracking to fi nd data and tools you
can use to protect the public health of your
community. The Tracking Program continu-

ously expands and improves its environ-
mental health data to help you solve public
health problems.

Corresponding Author: Chad Curtiss, Divi-
sion of Environmental Health Science and
Practice, Centers for Disease Control and
Prevention, 4770 Buford Highway, Cham-
blee, GA 30341. E-mail: qcu2@cdc.gov.

Centers for Disease Control and Prevention’s National Environmental 
Public Health Tracking Program Participant Map
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• Tracking Program Website: 
https://ephtracking.cdc.gov

• Info by Location Tool: https://
ephtracking.cdc.gov/InfoByLocation/

• Data Explorer Tool: https://
ephtracking.cdc.gov/DataExplorer/#/

• State and Local Tracking Programs: 
www.cdc.gov/nceh/tracking/grants.
htm

• Tracking in Action Video Series: 
https://ephtracking.cdc.gov/
showTrackingInAction

• Available Training Resources From 
the Tracking Program: https://
ephtracking.cdc.gov/showTraining

• Tracking Program Facebook 
Page: www.facebook.com/
CDCEPHTracking

Quick Links

NEHA thanks all of the attendees, presenters, and exhibitors who 
participated in NEHA’s Digital Defense: Education for a Safer World Virtual 
Conference & Exhibition. We also thank FDA for its support of this virtual 
conference. If you were unable to attend or missed a few sessions of 
interest, you can still view NEHA’s Digital Defense on-demand. The free, 
on-demand offering includes access to the recorded Food Safety and Water 
educational sessions and the Exhibition and Poster Halls. The on-demand 
virtual conference will be available until February 28, 2021. Learn more at 
www.neha.org/digital-defense.  

Did You 
Know?
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Did You Know?
You can access NEHA’s policy and position statements at 

www.neha.org/publications/position-papers. NEHA’s latest 
position statement focuses on racism and environmental 

health. Other recent statements cover COVID-19, adoption and 
implementation of the current Food and Drug Administration 

Food Code, cottage foods, clean energy, ear piercing guns and 
microblading, and mosquito control

Did You 
Know?

In support of environmental 
health professionals during 

the COVID-19 pandemic, 
NEHA continues to add to 
its COVID-19 page at www.

neha.org/covid-19. The 
page provides resources 
for environmental health 
professionals, guidance 
resources, articles, and 

more. You can also fi nd a 
list of NEHA resources that 
include the COVID-19 EH 

Response Online Community, 
Just-in-Time From NEHA 

Video Series, and COVID-19: 
Essential Functions of 

the Environmental Health 
Workforce Live Chat Series.

UL’s Emergency Response Assessment™ (ERA) can review your 
food safety and cleanliness procedures to identify key areas 
for improvement and assist you in implementing an updated 
sanitation strategy for crisis situations.

Food safety and sanitation 
solutions during a crisis

UL and the UL logo are trademarks of UL LLC © 2020.

Learn more at CRS.UL.com/ERA
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EH C A L E N D A R

UPCOMING NATIONAL ENVIRONMENTAL HEALTH 
ASSOCIATION (NEHA) CONFERENCES

July 12–15, 2021: NEHA 2021 Annual Educational Conference 
& Exhibition, Spokane, WA, www.neha.org/aec

NEHA AFFILIATE AND REGIONAL LISTINGS

Illinois
CANCELED: November 2–3, 2020: Annual Educational 
Conference, Illinois Environmental Health Association, Utica, IL, 
http://ieha.coffeecup.com
Iowa
October 13–15, 2020: Virtual Fall Conference,
Iowa Environmental Health Association, www.ieha.net
Michigan
March 2021: Annual Education Conference,
Michigan Environmental Health Association, Port Huron, MI, 
www.meha.net/AEC
Missouri
October 19–21. 2020: Annual Education Conference, 
Missouri Environmental Health Association, Springfi eld, MO, 
https://mehamo.org

North Carolina
October 7–9, 2020: Fall Educational Virtual Conference, 
North Carolina Public Health Association,
https://ncpha.memberclicks.net
Texas
CANCELED: October 26–30, 2020: 65th Annual Education 
Conference, Texas Environmental Health Association,
Austin, TX, www.myteha.org
Utah
October 6–9, 2020: Fall Conference, Utah Environmental Health 
Association, Ogden, UT, www.ueha.org/events.html

TOPICAL LISTINGS

Recreational Water
October 15–16, 2020: 2020 Virtual World Aquatic Health 
Conference, Pool & Hot Tub Alliance, https://wahc.phta.org
Water Quality
January 20–22, 2021: Legionella Conference 2020, NSF Health
Sciences and NEHA, Chicago, IL, www.legionellaconference.org 

Editor’s Note: Due to the coronavirus disease 2019 (COVID-19) pandemic, many conferences and events are being canceled as organizers assess health and safety 
issues, as well as take into consideration current state and local orders related to social distancing and gatherings. As such, the status of the conferences listed below 
might not be correct. Attendees are encouraged to check the websites for each conference listing for the latest information. Any cancellations that occurred prior to the 
time of press have been noted below.

neha.org/join

Join the only community of people as dedicated 
as you are about protecting human health and 
the environment.

Begin connecting today through NEHA membership.

ENVIRONMENTAL HEALTH
It’s a tough job.
That’s why you love it.That’s why you love it.That’s why you love it.

ENVIRONMENTAL HEALTH
It’s a tough job.
That’s why you love it.
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Did You Know?
NEHA’s Government Affairs program provides members with
 insights on environmental health in various levels of govern-

ment. The program tracks state and federal legislation, responds 
to federal and state inquiries on environmental health, and 

provides the environmental health workforce a voice in policy 
making. Learn more at www.neha.org/government-affairs.

Did You 
Know?
October 8 is Children’s 

Environmental Health Day. 
The Children’s Environmental 
Health Network established 

the observance as a 
way to raise awareness 

about how environmental 
exposures impact children’s 

health. It is also a day of 
action that can be used 
to mobilize individuals, 

families, organizations, and 
communities to champion 

children’s rights to clean air 
and water, safer food and 

products, and healthy places. 
Learn more at https://cehn.

org/ceh-movement/ceh-
day-2020.

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.

For more information, please 

visit neha.org/careers.
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RESOURCE CORNER

Resource Corner highlights different resources the National Environmental Health Association  
(NEHA) has available to meet your education and training needs. These 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 the 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

Certified Professional–Food Safety Manual  
(3rd Edition)
National Environmental Health Association (2014)

The Certified Professional–Food Safety 
(CP-FS) credential is well respected 
throughout the environmental health and 
food safety field. This manual has been 
developed by experts from across the 
various food safety disciplines to help 
candidates prepare for NEHA’s CP-FS 
exam. This book contains science-based, 
in-depth information about causes and 
prevention of foodborne illness, HACCP 

plans and active managerial control, cleaning and sanitizing, 
conducting facility plan reviews, pest control, risk-based 
inspections, sampling food for laboratory analysis, food defense, 
responding to food emergencies and foodborne illness outbreaks, 
and legal aspects of food safety.
358 pages / Spiral-bound paperback
Member: $179 / Nonmember: $209

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 Registered Environmental 
Health Specialist/Registered Sanitarian credential exam.
790 pages / Hardback
Member: $215 / Nonmember: $245

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 Registered Environmental 
Health Specialist/Registered Sanitarian credential exam.
876 pages / Hardback
Member: $215 / Nonmember: $245  
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1. a
2. b
3. d

4. a
5. c
6. a

7. d
8. c
9. c

10. b
11. b
12. a

JEH Quiz #6 Answers
May 2020

A vailable to those with an active NEHA 
membership, JEH Quiz, offered six times 

per calendar year through the Journal of 
Environmental Health, is an easily accessible 
means to accumulate continuing education 
(CE) contact hours toward maintaining your 
NEHA credentials.

1. Read the featured article carefully.

2. Select the correct answer to each JEH 
Quiz question.

3. a)  Complete the online quiz found at 
www.neha.org/publications/journal-
environmental-health,

 b) Fax the quiz to (303) 691-9490, or

 c) Mail the completed quiz to  
 JEH Quiz, NEHA 
 720 S. Colorado Blvd., Ste. 1000-N 
 Denver, CO 80246.

 Be sure to include your name and  
member number!

4. One CE contact hour will be applied to 
your account with an effective date of  
October 1, 2020 (first day of issue).

5. Check your continuing education account 
online at www.neha.org.

6. You’re on your way to earning CEs!

Quiz Registration 

Name

NEHA Member Number

E-mail

1. In Canada, it is estimated that there are 
more than __ Airbnb listings. 
a. 70,000
b. 80,000
c. 90,000
d. 100,000

2. Guests can choose from a variety of 
housing types listed on Airbnb including
a. a shared room.
b. a private room.
c. an entire property.
d. all the above.
e. none of the above.

3. One study of 16 U.S. cities that included 
more than 120,000 venues found that __ 
of Airbnbs did not have smoke alarms.
a. one fifth
b. one fourth
c. one third
d. one half

4. This study assessed potential public 
health concerns in Airbnbs in four 
Canadian cities by
a. examining the prevalence of 

important amenities related to public 
health such as smoke alarms, 
carbon monoxide detectors, fire 
extinguishers, and first aid kits.

b. identifying the percentage of venues 
that describe in their house rules if 
smoking is allowed.

c. determining the percentage of 
venues that reported offering 
breakfast for their guests.

d. all the above.
e. none of the above.

5. The study sample included __ venues 
within the four Canadian cities selected 
for this study. 
a. 6,702
b. 15,722
c. 31,535
d. 100,000

6. The study sample included approximately 
__ of Airbnb venues in Canada.
a. 20%
b. 30%
c. 40%
d. 50%

7. Most Airbnb venues in the sample were 
classified as
a. entire homes or entire properties.
b. private rooms.
c. shared rooms.

8. The reported presence of smoke alarms 
across the entire sample was 
a. 35.4%.
b. 46.6%.
c. 56.2%.
d. 88.9%.

9. The reported presence of carbon 
monoxide detectors across the entire 
sample was
a. 35.4%.
b. 46.6%.
c. 56.2%.
d. 88.9%.

10. The reported presence of fire extin-
guishers across the entire sample was
a. 35.4%.
b. 46.6%.
c. 56.2%.
d. 88.9%.

11. The reported presence of first aid kits 
across the entire sample was
a. 35.4%.
b. 46.6%.
c. 56.2%.
d. 88.9%.

12. Across the entire sample, __ indicated 
that breakfast was served or included at 
the Airbnb venue.
a. 9.2%
b. 11.2%
c. 13.3%
d. 16.5%

 Quiz deadline: January 1, 2021

Assessing Potential Public Health Concerns in Airbnb Venues  
in Four Canadian Cities

FEATURED ARTICLE QUIZ #2

A D VA N C E M E N T  O F  T H E  PRACTITIONER
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National Officers
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www.neha.org/technical-advisors
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Carolyn Harvey, PhD, REHS/RS, DAAS 
carolyn.harvey@eku.edu

Sharron LaFollette, PhD 
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Timothy Murphy, PhD, REHS/RS, DAAS 
murphy@findlay.edu
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David Gilkey, PhD 
dgilkey@mtech.edu

Solomon Pollard, PhD 
solomonpollard@gmail.com
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Tracynda Davis, MPH. 
tracynda@yahoo.com
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Michael Crea, MS 
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Dan Harper, DrPH 
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Thuy Vu 
thuy@hammerenterprisesis.com
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The board of directors includes NEHA’s nationally 

elected officers and regional vice-presidents. Affiliate 

presidents (or appointed representatives) comprise 

the Affiliate 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.

D. Gary Brown,  
DrPH, CIH, RS, DAAS

First Vice-President
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The National Environmental Health Associa-
tion (NEHA) recognizes individuals, along 
with organizations, who have devoted 
themselves to quality within the fi eld of 
environmental health. The 2020 award and 
scholarship recipients represent a breadth 
of notable people from students conducting 
valuable research and midcareer profes-
sionals working to keep communities safe 
in unprecedented times, to stalwarts in the 
profession who have made countless con-
tributions to the profession over the years.

While we were not able to celebrate these 
deserving award winners in person as we 
normally do at our Annual Educational Con-
ference (AEC) & Exhibition, we are proud to 
honor them through the Journal of Environ-
mental Health. The following individuals and 
groups accepted awards or scholarships 
from NEHA and our partner organizations 
in 2020.

AEHAP Student Research 
Competition
Swade Barned and Steven Mills,
Eastern Kentucky University

Lana Sexton and Amber Turner,
Eastern Kentucky University

Paige Tolleson, Montana State University

Adam Vang, East Carolina University

The Association of Environmental Health 
Academic Programs (AEHAP) invites environ-
mental health students enrolled in National 
Environmental Health Science and Protection 
Accreditation Council (EHAC)-accredited pro-
grams to enter the AEHAP Student Research 
Competition. The 2020 winning submissions 
received $1,000 and the opportunity to at-
tend the NEHA 2021 AEC.

Davis Calvin Wagner 
Sanitarian Award
Sheila Davidson Pressley, DrPH, CPH, 
DAAS, REHS, HHS

The Davis Calvin Wagner Sanitarian Award 
represents the highest honor the American 
Academy of Sanitarians (AAS) bestows 
upon a diplomate. The award is granted for 
exceptional leadership ability, professional 
commitment, outstanding resourcefulness, 
dedication, and achievements in advancing 
the sanitarian profession and public health 
programs. The 2020 Wagner Award was 
given posthumously to Dr. Sheila David-
son Pressley. Dr. Pressley was a professor 
at Eastern Kentucky University (EKU) in 
the Department of Environmental Health. 
Throughout her career, she advanced 
through the ranks of assistant, associate, 
and full professor, positively infl uencing 
the profession and the lives of countless 
students and young professionals.

Dr. Pressley helped lead the National 
Environmental Health Diversity Recruitment 
Task Force, a collaborative effort between 
EKU and the Centers for Disease Control 
and Prevention. She helped expand the 
vision countrywide through the National 
Council on Diversity in Environmental 

Health. In 2014, Dr. Pressley became the 
Master of Public Health Program direc-
tor for the College of Health Sciences at 
EKU. She continued to progress, ultimately 
becoming dean, leading eight departments, 
and excelling as an administrator. Dr. Press-
ley truly refl ected qualities that are in keep-
ing with the fi nest traditions of the sanitarian 
and environmental health profession.

HUD Secretary’s Awards 
for Healthy Homes 
The U.S. Department of Housing and 
Urban Development (HUD) Secretary’s 
Awards for Health Homes honor outstand-
ing local programs and research that 
promote healthier housing through partner-
ing, outreach, and innovative practices. On 
behalf of HUD, the Offi ce of Lead Hazard 
Control and Health Homes and NEHA 
collaborate in this competition, based on 
a shared vision of creating better homes 
across the health, environment, and hous-
ing sectors. The following organizations 
received this award in 2020

Housing Authority of Jackson County, 
Medford, Oregon—Livewell: Active for 
Life (Cross-Program)
The Housing Authority of Jackson County 
created a supportive resident services 
program model, providing central hubs 
focused on the specifi c needs of their 
low-income populations. This project was 
designed to provide easier access to age-
friendly and healthier lifestyle opportunities 
focused on physical, mental, and social 
health. It also provides more opportunities 
for on-site volunteer work while creating an 
improved living environment and produces 
more social connectedness.
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LifeSTEPS, Sacramento, California—
Housing Plus Services: RN Coaching, 
(Multifamily Housing)
This project recognized the need to adjust 
our systems and policies for older adult 
health for fi nancial sustainability and to 
support aging with dignity. Residents from 
backgrounds of poverty typically lack 
adequate health literacy skills and support 
to manage their chronic conditions and 
their acute and long-term care needs. They 
also need access to on-site relationships 
marked by trust, caring, and accountabil-
ity. By providing health assessments and 
consultations to older adult residents in real 
time and from where they live, vulnerable 
residents are supported to manage their 
chronic conditions and overall health.

Asian Pacifi c Self-Development 
Residential Association, Stockton, 
California—Community Health 
Connections (Public Housing)
The Asian Pacifi c Self-Development 
Residential Association is an association of 
Cambodian refugees that self-manages a 
209-unit, HUD-subsidized, affordable hous-
ing property in Stockton, California. The 
project attained three key goals: 1) culturally 
competent health education opportunities 
increased outreach and increased health-
care access for at-risk and underserved 
populations; 2) support and trust from 
community leaders increased, empowering 

the Community Health Connections to work 
with families to learn about health problems 
and fi nd the best solutions; and 3) healthy 
behaviors and active living increased so 
that clients with diabetes, heart disease, 
hypertension, obesity, and other health 
conditions demonstrated measurable im-
provement after participation in this project.

Home Forward, Portland, Oregon—
Radon Testing and Mitigation in Public 
Housing (Policy Innovation)
Home Forward worked to develop precise 
radon testing, retesting, and notifi cation 
guidelines and procedures to reduce 
exposure to radon. Home Forward has 
committed itself to lowering hazardous 
exposure and improving the lives of its 
residents. These efforts will reduce the 
overall risk of lung cancer for adults living 
and working in its properties. For children 
growing up in public housing, the impact 
could be far more signifi cant with in-
creased quality of life due to the reduction 
of respiratory illnesses, such as asthma, 
and a greatly reduced chance to develop 
lung cancer later in life.

The University of Massachusetts, Lowell, 
Massachusetts—Home Environmental 
Interventions to Improve the Health of 
Older Adults (Research)
This research project’s goal was to conduct 
multifaceted home environmental interven-
tions involving low-income older adults 

with asthma and evaluate the effectiveness 
of these interventions in improving health 
outcomes and reducing environmental 
asthma triggers. The results yielded statisti-
cally signifi cant reductions in self-reported 
environmental asthma triggers with health 
improvements found in doctor visits, use 
of antibiotics for chest problems, respira-
tory symptoms, and quality of life indica-
tors. Public housing authorities, owners, 
and managers of privately owned assisted 
housing can use study fi ndings to improve 
their maintenance and operational practices 
for older adult housing.

Joe Beck Educational 
Contribution Award
Milton Morris, MPH, PhD, REHS, DAAS

The Joe Beck 
Educational 
Contribution Award 
is given to a NEHA 
member for an 
educational 
contribution 
designed for the 
advancement and 
professional 

development of environmental health 
professionals. The innovation created by 
Dr. Milton Morris, director of the Environ-
mental Health Science Program at 
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Rogue River Estates resident volunteers are shown in front of the weekly ACCESS Mobile Food Market 
truck, Housing Authority of Jackson County, Livewell: Active for Life.

A registered nurse coach teaches residents to 
successfully manage and control their blood 
pressure, LifeSTEPS, Housing Plus Services: 
RN Coaching.
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Benedict College, consisted of providing 
creative education and training to 
hundreds of mostly minority students. The 
students received electronic training on 
zoonotic diseases and environmental 
disasters. The innovative part of the 
project consisted of identifying motivated 
students. They extended their learning by 
researching specifi c zoonotic diseases, 
emerging pathogens, and environmental 
disasters, and then presented their 
fi ndings through competitively evaluated 
research presentations.

Dr. Morris has served as the director of the 
Environmental Health Science Program at 
Benedict College in South Carolina since 
1989. He has been a member of NEHA 
for 32 years. Dr. Morris served in the U.S. 
Army and has held leadership positions 
in several professional organizations. He 
retired from the Medical Service Corps of 
the U.S. Army Reserves with the rank of 
lieutenant colonel.

NEHA/AAS Scholarship
Connor Henderson, 
Western Carolina University, 
Undergraduate Recipient

Amanda Ruckey, 
Montana State University, 
Undergraduate Recipient

Summer Holloway, 
University of Nevada, Las Vegas, 
Graduate Recipient

NEHA and AAS partner to offer scholar-
ships to deserving environmental health 
students. The purpose of the scholarship 
program is to encourage students to com-
mit to a career in environmental health and 
to inspire past and present graduates to 
pursue postgraduate studies in environ-
mental health sciences. Every year one 
graduate student is awarded $2,500 and 
two undergraduate students are awarded 
$2,250.

NEHA Affi liate Certifi cates 
of Merit
Certifi cates of Merit are awarded to affi li-
ate members and teams who have made 
exemplary contributions to the profession. 
Each affi liate selects winners based upon 
its own criteria for recognition. The 2020 
recipients are:

Individuals

Michael Boudreau, 
Massachusetts Environmental Health 
Association

Zachary Ehrlich, 
New Jersey Environmental Health Association

Carey Panier,
Illinois Environmental Health Association

Don Simmons,
Iowa Environmental Health Association

Erik Solie,
Minnesota Environmental Health Association

Team

Virginia Department of Health 
Commissioner’s Offi ce and Local Health 
Department Employees
The Virginia Environmental Health Associa-
tion recognizes the Virginia Department of 
Health Commissioner’s Offi ce and all local 
health department employees for their 
contributions, service, and dedication in 
response to the COVID-19 pandemic. Em-
ployees throughout the Virginia Department 
of Health and local health districts have been 
adapting to ongoing changes and responsi-
bilities every day of the pandemic. Whether 
conducting contact trace investigations, 
collecting data, handling logistics, or being 
an ear to people in need, local health depart-
ments have continually connected with 
healthcare experts, frontline professionals, 
fi rst responders, and the public to continue 
to protect their communities.

NEHA Past Presidents Award
Jason Marion, PhD, 
Associate Professor, Eastern Kentucky 
University

Henroy Scarlett, DrPH, REHS, 
Lecturer, University of the West Indies, 
Jamaica

Sylvanus Thompson, PhD, 
Associate Director, Toronto Public Health, 
Canada

The 2020 recipients of the Past Presidents 
Award have worked tirelessly to promote 
international cooperation within the West-
ern Hemisphere. They have strengthened 
the relationship between the Jamaican 
Association of Public Health Inspectors, 
Canadian Institute of Public Health Inspec-
tors, and NEHA. They have promoted at-
tendance at the NEHA AEC by environmen-
tal health professionals from Canada and 

the Caribbean. They have also encouraged 
public health inspectors in Jamaica to sit for 
NEHA’s Registered Environmental Health 
Specialist/Registered Sanitarian exam.

Together they planned and promoted 
the One Health, One Global Environment 
Conference held in Montego Bay, Jamaica. 
The conference was cohosted by Eastern 
Kentucky University and the University of 
the West Indies and was attended by more 
than 400 health practitioners and academ-
ics spanning six continents. It was the fi rst-
ever conference dedicated to One Health. 
Drs. Marion, Scarlett, and Thompson have 
also attended several International Federa-
tion of Environmental Health conferences 
as representatives of the Western Hemi-
sphere where they shared best practices 
with environmental health professionals 
from around the world. 

NEHA Presidential Citations
This special award is given to individuals 
who have made exemplary contributions 
to NEHA during the president’s term of 
offi ce. NEHA President Dr. Priscilla Oliver 
is presenting Presidential Citations to the 
following individuals:

Seth Arends

Dowit Berhe

Dr. D. Gary Brown

Dr. Norbert Campbell

Brian Collins

Lindsi Darnell

Dr. Natasha DeJarnett

Dr. Gerald L. Durley

Dr. David Dyjack

Alicia Enriquez Collins

DaJuane M. Harris

Dr. Carolyn Harvey

Stan Hazan

Gwendolyn Johnson

Leisha Kidd Brooks

Angelica Ledezma

Marissa Mills

Dr. Wendell Moore

George Nakamura

Terrance A. Powell

Dr. Sheila D. Pressley

Larry Ramdin

Dr. Welford Roberts

Kristen Ruby-Cisneros
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Dr. Henroy Scarlett

Dr. Derek G. Shendell

Christopher Sparks

Rowan Stephens

John A. Steward

Cynthia Talbot and Miss Daisy

Jacqueline E. Taylor

Dr. Sylvanus Thompson

Gail Vail

Dr. Leon Vinci

Dr. Raphael G. Warnock

NSF International Scholar
Matthew Biven, 
Eastern Kentucky University

AEHAP, in partnership with NSF Interna-
tional, offers a paid internship project to 
students from EHAC-accredited programs. 
The NSF International Scholar Program 
is an opportunity for an undergraduate 
student to gain valuable experience in 
the environmental health fi eld. The 2020 
scholar received $3,500 and the opportu-
nity to attend the 2021 NEHA AEC.

Samuel J. Crumbine 
Consumer Protection Award

Southern Nevada Health District

This prestigious 
award is 
named for one 
of America’s 
most renowned 

health offi cers and health educators, 
Samuel J. Crumbine, MD. The Crumbine 
Award encourages innovative programs 
and methods that reduce or eliminate 
foodborne illnesses, recognizes the 
importance of food protection at the local 
level, and stimulates public interest in food 
service sanitation. This award is given 
annually to local environmental health 
jurisdictions that demonstrate unsurpassed 
achievement in providing outstanding food 
protection services to their communities.

The 2020 Crumbine Award recipient, 
Southern Nevada Health District (SNHD), 
is one of the largest local public health or-
ganizations in the U.S. SNHD serves more 
than 2.2 million residents, representing 72% 
of Nevada’s total population. Additionally, 
SNHD is charged with safeguarding the 

public health of more than 42 million visitors 
to Las Vegas each year. SNHD employs 
an inclusive and wide-ranging approach to 
engaging community partners to keep food 
safe for consumption by a large population.

Walter F. Snyder 
Environmental Health Award
Joseph Cotruvo, PhD, BCES

For nearly 50 years, 
NEHA and NSF 
International have 
presented the Walter 
F. Snyder Award to 
recognize public 
health professionals 
who safeguard the 
air we breathe, the 
water we drink, the 

food we eat, and our environment. The 
Snyder Award honors NSF International’s 
cofounder and fi rst executive director, Walter 
F. Snyder, who provided outstanding 
contributions to environmental and public 
health advancement. Dr. Cotruvo received 
the award in recognition of over 45 years of 
steadfast service to environmental and public 
health through leadership, teamwork, and 
consensus national standards development.

Dr. Cotruvo’s accomplishments as a clean 
water crusader include 23 years as direc-
tor of the U.S. Environmental Protection 
Agency’s Criteria and Standards Division in 
the Offi ce of Drinking Water, and as director 
of the Risk Assessment Division in Toxic 
Chemicals. He also worked for 4 years at 
NSF International, fi rst as a senior regula-
tory executive and later as vice president 
of environmental health sciences, where he 
helped to advance the NSF/World Health 
Organization Collaborating Center for Drink-
ing Water. He then established the profes-
sional environmental consulting fi rm, Joseph 
Cotruvo & Associates.

Dr. Cotruvo chairs the American Academy 
of Environmental Engineers and Scientists’ 
Excellence in Environmental Engineering 
and Science Award committee. He’s an 
Albert Nelson Marquis Lifetime Achieve-
ment honoree and past president of the 
Inter-American Association of Environmental 
and Sanitation Engineering. He has served 
as associate editor and later, was on the 
editorial board of the American Water Works 
Association’s Journal AWWA. Dr. Cotruvo is 

an adjunct professor in the Departments of 
Chemistry and Environmental Sciences at 
the University of Toledo.

Upon receiving the Snyder Award, Dr. Co-
truvo said, “I am truly honored and humbled 
to have received the 2020 Walter F. Snyder 
Award. Our country’s overall public health 
status has signifi cantly improved over time 
but novel issues continue to arise that chal-
lenge health professionals’ abilities to reduce 
societal health risks. I feel our essential role 
as environmental and public health profes-
sionals is at least partly to assure that the 
issues are appropriately prioritized and 
addressed by the science and facts. One of 
our essential roles is to communicate those 
facts to galvanize public support to solve the 
problems that need solving.”

Walter S. Mangold Award

Carolyn Hester Harvey, MS, PhD, RS, 
CIH, CHMM

The Walter S. Mangold Award recognizes and 
honors individuals for outstanding contribu-
tions to environmental health professional 
advancement. It is the highest honor that 
NEHA can bestow on one of its members.

Dr. Harvey received the Mangold Award 
because she embodies the values as-
sociated with Walter S. Mangold’s legacy. 
Documentation of Dr. Harvey’s achieve-
ments was compiled and submitted by the 
Kentucky Environmental Health Associa-
tion (KYEHA) to a committee of judges 
who have themselves received this award. 
KYEHA Executive Board members praised 
Dr. Harvey for advancing the knowledge 
base of environmental health practitioners 
in Kentucky and beyond through her work 
as an educator and a mentor: “Dr. Carolyn 
Harvey dedicated her 50+ year career to 
promoting environmental and occupa-
tional health science. From working in the 
industry to educating future environmental 
health science professionals, Dr. Harvey 
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highlighted the importance of sanitarians to 
our communities. Through her involvement 
in NEHA, KYEHA, EHAC, and AEHAP, she 
has mentored countless emerging profes-
sionals and has volunteered countless 
hours toward improving our profession. The 
KYEHA Executive Board counts itself lucky 
to call Dr. Harvey a friend.”

Dr. Harvey began her career in academia 
as an assistant professor of environmental 
health at East Tennessee State Univer-
sity. There she taught industrial hygiene, 
ventilation, solid/hazardous waste, and air 
pollution in both the undergraduate and 
graduate programs. In 2001, Dr. Harvey 
left East Tennessee State University to join 
the Department of Environmental Health 
Science and Medical Laboratory Science 
faculty at Eastern Kentucky University 
(EKU). At EKU she directed the Master 

of Public Health Program (MPH) from 
2009–2014, held the full professor’s rank, 
and became department chair. She taught 
graduate courses in ventilation, industrial 
hygiene, and toxicology in the Environ-
mental Health and MPH Programs. Dr. 
Harvey retired from active teaching at EKU 
on January 1, 2017.

The Mangold Award is a highlight for Dr. 
Harvey, who has already received several 
prestigious awards, published dozens 
of professional articles, and held leader-
ship positions in multiple environmental 
health associations. Dr. Harvey has been a 
member of NEHA for almost 25 years, has 
served as a technical editor for the Journal 
of Environmental Health since 2011, and 
held the position of NEHA president from 
2014–2015.

The NEHA Board of Directors, staff, and 
Mangold Award Selection Committee are 
honored to award Dr. Carolyn Harvey the 
2020 Walter S. Mangold Award. In the 
words of 2011 Mangold Award recipient 
CAPT Craig A. Shepherd, “As the 2020 
Walter S. Mangold Award Committee 
Chair, I was so pleased to see a nomina-
tion submitted for Dr. Carolyn H. Harvey. 
Dr. Harvey has devoted more than 50 
years of her life to the environmental health 
profession. Her professionalism, numer-
ous individual achievements, contributions 
made toward improving our profession, 
her active involvement in NEHA and 
state associations, and the professional 
positions she has held, coupled with her 
education, made her most worthy and de-
serving of being recognized as this year’s 
Mangold Award recipient.” 
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NEHA Staff Profiles
As part of tradition, the National Environmental Health Associa-
tion (NEHA) features new staff members in the Journal around
the time of their 1-year anniversary. These profiles give you an
opportunity to get to know the NEHA staff better and to learn
more about the great programs and activities going on in your
association. This month we are pleased to introduce you to two
NEHA staff members. Contact information for all NEHA staff can
be found on page 36.

Audrey Keenan
I joined NEHA in October 2019 as a
project coordinator in the Program and
Partnership Development department.
I first encountered NEHA through an
internship in my graduate program. I
had a great experience doing my intern-
ship here and I thought to myself, “If
only I can work somewhere as great as
NEHA when I graduate!” I was excited

to be hired by NEHA after I graduated in 2019.
At NEHA I help to plan and conduct projects on a variety of

topics that benefit the environmental health workforce. I enjoy
this role because it is expanding my environmental health knowl-
edge and it allows me to interact with different NEHA members
across the country. I love hearing about the different roles mem-
bers play in environmental health. My goal is to provide them with
new skills and resources they can use in all of these roles. Some
of the tasks in my position include hosting webinars, developing
resources, setting up partnerships, and being a public health re-
source to others.

I love Colorado and have never lived anywhere else! I grew
up in Grand Junction, which is located on the Colorado West-
ern Slope. I received my bachelor’s degree in neuroscience from
Regis University in Denver and my Master of Public Health from
the Colorado School of Public Health in Aurora. Prior to joining
NEHA, I worked as a research assistant at the University of Colo-
rado, where I studied chronic kidney disease. I have always been
interested in health and research, and I am enjoying being in a
role where these intersect.

When I’m not at work, I enjoy doing small art projects, going to
concerts, and trying to become better at gardening.

Michael Newman
I was thrilled to join NEHA in October 
2019 as the information technology (IT) 
manager, taking on the responsibility of 
managing the technology needs of NEHA 
and its amazing staff and board members. 
My goal is to enable everyone to achieve 
their professional success using technol-
ogy and to keep it from being an obstacle 
in our mission to the membership.

The best description of the background that I bring to NEHA is 
diverse. As the son of an engineer, I have lived all around the coun-
try, ending up in Colorado for high school. After high school, my 
interests and passions were film and television. I tried out Los Ange-
les but decided New York was more to my liking. I went to several 
schools in New York City, including New York University, the School 
of Visual Arts, and the New School. After school I worked in a small 
television studio making commercials and informercials for a Wall 
Street financial firm. I followed the other staff when they all went to 
work for Michael Bloomberg. As the original production director for 
Bloomberg’s 24-hour satellite news station, I spent one year devel-
oping all the on-air and behind-the-scenes systems. That’s when my 
interest shifted from television to technology.

Since then, I returned to Colorado and spent several years as a 
contractor working for many companies as a “fixer,” coming in 
and cleaning up all the technology problems and then moving on. 
I finally found a home and spent 14 years as the IT director for a 
design firm in Boulder.

While working in Boulder, I joined with a group of like-minded 
individuals to form a nonprofit dedicated to educating through 
pop culture, graphic novels, movies, etc. The goal was to start a 
large-scale event to fund the nonprofit and the event created was 
Denver Comic Con. I was one of the founding directors, oversee-
ing all operations, logistics, and registration for the first years of 
the event. I hope to bring some of that experience to the events 
that NEHA produces for our members and the greater environ-
mental health community.

When I’m not fixing a technical problem or managing vendors, 
I’m a single dad to my daughter who is starting fourth grade. Being 
dad is job number one.  

You can stay in the loop every day with NEHA’s social media. Find NEHA on

• Facebook: www.facebook.com/NEHA.org

• Twitter: https://twitter.com/nehaorg

• LinkedIn: www.linkedin.com/company/national-environmental-health-
association 

Did You 
Know?
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DirecTalk 
continued from page 46

ddyjack@neha.org 
Twitter: @DTDyjack

the profession. Jonna Ashley and Lexi Nally 
from our Membership Department are sur-
veilling the country to ensure we know what 
we need to know to assist the profession. 
Laura Wildey, our senior program analyst in 
food safety, is leading efforts to strengthen 
our relationships with the Food and Drug 
Administration, National Association of 
County and City Health Officials, Confer-
ence for Food Protection, and Association of 
Food and Drug Officials. We are blazing new 
trails, hopefully with fewer poisonous crea-
tures lying in wait.

This time in history is testing our mettle. I 
ask that we be drawn into the future, rather 
than driven by the nonsense of the past. 
Every culture in the world values honesty, 
loyalty, kindness, courage, fairness, creativ-
ity, and perseverance. I know environmen-
tal health professionals are deeply anchored 
in these qualities because I have witnessed 
them for decades. Please do not fall prey to 
the seductions that might otherwise deplete 

your vessel of these virtues. Abraham Lincoln 
said it best when he encouraged Americans 
to listen to the “better angels of our nature.”

I also believe that remaining positive, 
while cliché, is effective. Remain engaged, 
find new meaning in your work, accomplish 
what you can, and search out positive rela-
tionships. These attributes have been empiri-
cally proven to work. Yes, science and data 
support what I am saying.

The Soapstone wilderness area provides a 
glimpse of nature in its rawest beauty. You 

can also encounter some of the deadliest crea-
tures in North America. This prairie is a met-
aphor for the current state of public health. It 
is not the trail we chose, but if we remain true 
to our values and character, they will take us 
where we can protect and promote the health 
of the public. Our vocation is disrupted. Our 
call to service remains intact. 

Soapstone’s beauty (left) and its beast (right). Photos courtesy of David Dyjack.

Did You 
Know?

NEHA continues to add to its 
Environmental Health Heroes 

in the Time of COVID-19 
blog. Through these blogs, 
the work of NEHA members 
responding to the COVID-19 
pandemic from the frontlines 

will be highlighted. Read 
what NEHA members are 

doing on local, industry, and 
international levels to ensure 
the health and safety of the 
public and the environment 

during the COVID-19 
pandemic at www.neha.org/
membership-communities/

get-involved/day-in-life.
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T rail dust, the consistency of confec-
tionary sugar, enveloped my hiking 
boots as I regaled in 28 square miles 

of the Soapstone Natural Prairie Area’s pris-
tine, wide-open vistas. Mule deer, prong-
horn antelope, and horned toads scurried 
off into the bush, no doubt more than a little 
disgruntled by the disruption of their collec-
tive morning rituals.

Rituals and traditions also play an impor-
tant role in the lives of people, their com-
munities, and the organizations they choose 
to associate with. We are no different. Every 
Monday morning at 8:00 a.m. sharp, the 
voice of Alexis streams through the ether 
into my headset as the National Environmen-
tal Health Association’s leadership team and 
I digest and refl ect on recent developments. 
Alexis is a given name derived from several 
saints venerated by the Eastern Orthodox 
and Roman Catholic churches and it roughly 
translates to helper or defender. In our case, 
Alexis is not a podcast host or an artifi cial 
intelligence app but rather, Lexi Nally, our 
member services representative. Lexi is a 
personifi cation of helper and defender as she 
describes to the leadership team what she has 
learned about you and your struggles while 
she offers insight on how we can support and 
advance the environmental health profession. 
Lexi serves to remind us that you are the rea-
son our association exists.

Lexi and her supervisor, Association Mem-
bership Manager Jonna Ashley, have expressed 
that the most important thing we can do dur-
ing this time of national disruption is to be a 
stable source of meaningful and relevant pro-

fessional continuing education. Let me clear, 
our nation is grateful for you and your work, 
and we are producing as much cost-free or 
affordable continuing education that we can 
muster. We understand training and travel 
budgets have been decimated. We recognize 
local businesses and the tax base they sup-
port have been profoundly impacted by the 
pandemic. We know you are professionally 
stretched like plastic wrap on last night’s left-
overs. Some of you have worked seven days a 
week since February.

If this information is not sobering enough, 
many members have shared their personal 
stories of workplace conditions that are 
deeply disturbing. Some of us are being asked 
to disband social events and inspect bars and 
restaurants late at night to assure compli-
ance with occupancy and masking directives. 
Some of us are being physically threatened 
by the public we serve. Some of us are being 
directed to do things that are counter to our 
environmental and public health training. 
Traveling this professional trail is not what 
I envisioned when I took the reins of our 
association. As President Barack Obama once 
quipped, “Challenges fi nd you.” The chal-

lenges are real. Our profession appears to be 
amid an existential crisis—low environmen-
tal health academic enrollments, an aging 
workforce, and now the collapse of the public 
health enterprise as we know it.

My serene Soapstone hike was unceremoni-
ously turned upside down by a noise I had not 
heard since I last watched Mutual of Omaha’s 
Wild Kingdom. Among the beauty of the vin-
tage American grassland was a prairie rattle-
snake. I would have stepped on it if it had not 
made its presence known. What irony. The 
guy who had disrupted the pronghorn ante-
lope an hour earlier was now being disrupted 
by a venomous serpent. Had I stepped on 
it, there was no cell service and no one else 
within miles. Challenges fi nd you.

The professional trail we have chosen con-
tains vipers. We are enveloped by the rattling 
of budget cuts, misguided decisions, and 
outright buffoonery. No sector is immune. 
We have the best environmental health and 
public health talent on the planet. I am dis-
heartened to fi nd our country in this mess.

I am realistic about the limited infl uence 
we leverage given the U.S. federated model 
of governance. Having said that, however, I 
want you to know that Doug Farquhar, our 
director of Government Affairs, and I have 
been caucusing on possible maneuvers that 
will serve to protect and promote the profes-
sion. Jesse Bliss, our director of Program and 
Partnership Development, and his team have 
been burning the midnight oil in efforts to 
secure new sources of organizational revenue 
that can be repurposed to provide support to 

David Dyjack, DrPH, CIH

Not a Trail

 DirecTalk M U S I N G S  F R O M  T H E  1 0 T H  F L O O R

continued on page 45

Our vocation 
is disrupted. Our 

call to service 
remains intact.
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The New Standard in Surface Sanitizers
PURELL® Foodservice Surface Sanitizer can be used on everything from restroom  
door handles to appliance knobs, tabletops to cutting boards — all the hot spots  
where germs can be found.

RAPID KILL TIME
Eliminates norovirus in 30 seconds, 
hepatitis A  and human coronavirus*  
in 60 seconds.

FORMULATED FOR  
FOOD-CONTACT SURFACES
No rinse required.

WORRY FREE
No handwashing required. 
No precautionary statements.
Fragrance free.

MULTI-SURFACE PERFORMANCE
Proven effective across a variety  
of hard and soft surfaces.

READY TO USE
No mixing required. The right 
concentration every time 
for consistent performance.

*Coronavirus Disease 2019 (COVID-19)  is caused by SARS-CoV-2. PURELL® Surface Sanitizer and Disinfectant Sprays kill similar viruses and therefore  
can be used against SARS-CoV-2 when used in accordance with the directions for use against Hepatitis A Virus on hard, non-porous surfaces.  
Refer to the CDC website at https://www.cdc.gov/coronavirus/index.html for additional information.

©2020 GOJO Industries, Inc. All rights reserved.                     #30739 (07/2020)

GOJO.com/Foodservice
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Enable your inspectors to get the most out of their 
day with HealthSpace. Learn more by visiting

Can your data management system optimize 
and map your inspector’s daily schedule? 

info.gethealthspace.com/NEHA

Ours can. 

Organizes all daily inspections

Optimizes the route

Maps turn by turn directions 

JEH_10-20_PRINT.indd   48 9/4/20   10:01 AM




