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 The purpose 
of this month’s 
special report, 
“Kombucha 
Brewing Under 
the Food and 
Drug Adminis-
tration Model 
Food Code: Risk 
Analysis and 

Processing Guidance,” was to provide a 
hazard analysis and critical control points 
(HACCP)–based risk analysis of the process 
to help both operators and regulators main-
tain safe production of kombucha. Kom-
bucha is a fermented beverage made from 
brewed tea and sugar whose fermentation 
process is similar to vinegar’s. Hazards from 
brewing and drinking kombucha include 
pathogen and mold growth, overfermenta-
tion, cross contamination, and acidosis. 

See page 8.
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Alicia Enriquez Collins, 
REHS

Membership With 
Benefi ts: Opportunities 
for Professional Growth 

 PRESIDENT’S MESSAGE

NEHA makes 
the professional 

growth of its 
members a priority.

A s a board member and active mem-
ber of NEHA, I am often asked about 
membership benefi ts. NEHA has an 

assortment of benefi ts such as opportuni-
ties for continuing education and profes-
sional growth, helping us to remain current 
regarding emerging science, best practices, 
and trends in the environmental health 
fi eld. NEHA provides a forum that connects 
its members, whether it is the Annual Edu-
cational Conference (AEC) & Exhibition, 
engagement in a technical work group, or 
online education and training. Most of the 
online courses and training sessions are of-
fered to members without tuition or fees. 

During the past few years, our communities 
have been hit hard with natural disasters and 
a number of large multistate foodborne dis-
ease outbreaks. NEHA has taken a proactive 
role by providing the training needed to pre-
pare our workforce for emergency response, 
which could mean response and recovery to a 
natural disaster or a coordinated response to a 
foodborne disease outbreak. In this column, I 
will provide a few examples of how NEHA has 
had an integral role in building capacity in the 
area of emergency response for environmental 
health professionals, providing opportunities 
for professional growth. If you have not had 
the opportunity to attend the courses noted 
below, I encourage you to contact NEHA or 
look at the convenient online options.

Environmental Health Training 
in Emergency Response
After Hurricane Katrina and the devastat-
ing hurricane season in 2005, the Centers 
for Disease Control and Prevention (CDC) 

developed the Environmental Health Train-
ing in Emergency Response (EHTER) course. 
This multiday awareness-level course was 
designed to increase the level of emergency 
preparedness among environmental health 
professionals and other response personnel 
by providing them with the necessary knowl-
edge, skills, and resources to address the envi-
ronmental health impacts of emergencies and 
disasters. It includes 10 modules covering 
challenges encountered during emergency 
preparedness and response for various envi-
ronmental health disciplines such as food 
safety, drinking water, vectors and pest con-
trol, worker safety, and disaster management.

Since 2007, NEHA has provided assistance 
to CDC in the development and delivery of 
EHTER and has offered a condensed version 
at our AEC. The course is available year-round 
through the Federal Emergency Management 
Agency at their Anniston, Alabama, location. 
This version of the course is available free of 
charge to state and local environmental health 
professionals. Through this arrangement, 
thousands of environmental health profes-
sionals have either participated in the full fi ve-
day EHTER course, the condensed courses, 

or the online version. In 2012, over 1,100 
environmental health professionals com-
pleted the online EHTER course and in the 
fi rst six months of 2013, nearly 700 individu-
als had completed the online course—that is 
nearly 2,000 members of our workforce in 
an 18-month period. And, more than 2,000 
individual modules have been viewed for this 
course outside of full course completions. 
This is a tremendous service for members who 
are challenged with travel restrictions. 

To view or take the free online course, go 
to www.nehacert.org. For additional informa-
tion, contact Christl Tate at ctate@neha.org.

Training Opportunities for 
Foodborne Outbreak Response
CDC estimates that each year in the U.S., 
1,000 foodborne disease outbreaks are 
reported along with 128,000 hospitaliza-
tions and 3,000 deaths related to foodborne 
disease. This includes approximately 150 
national or multistate investigations that 
require a tremendous amount of coordina-
tion and collaboration among environmental 
and public health agencies and food safety 
experts. Environmental health professionals 
from all sectors must continue to be highly 
trained and ready to respond to foodborne 
disease outbreak investigations. 

NEHA has developed foodborne illness 
workshops that travel the country. NEHA 
has also taken offi cial positions that can be 
shared with your agencies or local associa-
tions and is involved in food safety initiatives. 
These combined efforts help our members 
grow professionally and prepare to respond 
to environmental health emergencies.

JEH11.13_print.indd   6 10/3/13   3:20 PM
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Epi-Ready
Epi-Ready is a two-day workshop developed 
specifically for environmental and public 
health professionals responsible for inves-
tigating foodborne disease outbreaks. This 
course was developed in partnership with 
CDC and was designed with a team-approach 
concept for training. The inaugural course 
was offered in Atlanta, Georgia, in 2003, 
and over the last 10 years, 64 courses have 
been offered throughout the country, training 
nearly 3,000 environmental and public health 
professionals. Each of our 50 states has been 
represented along with Jamaica, Guam, and 
several countries around the globe.

Teams of participants from response agen-
cies are encouraged to attend as a team and 
include their environmental health special-
ist, epidemiologist, laboratory staff, public 
health nurse, public information officer, or 
any team member who would have a critical 
role in responding to a foodborne outbreak. 
This approach helps the participating agency 
teams strengthen collaboration and work 
through details of a response as scenarios and 
case studies are used throughout the training. 
What I found to be most impressive about 
this course is that NEHA has a cadre of highly 
qualified and experienced instructors who 
travel around the country to teach this course. 

NEHA’s participation in the Council to 
Improve Foodborne Outbreak Response 
(CIFOR, www.cifor.us), which is a national 
working group formed to increase collabora-
tion and reduce the burden of foodborne ill-
ness in the U.S., has been vital to ensuring 
that the information from CIFOR’s guidelines 
is followed in the curriculum. 

In 2008, NEHA was recognized and awarded 
the 2008 Food Safety Leadership Award by NSF 
International for Epi-Ready. The success and 
longevity of this course is due to the persever-
ance and collaborative work by the NEHA staff 
and our partners from CDC, CIFOR, and local, 
state, and federal agencies. Looking ahead, 
NEHA staff will be working with the Food and 
Drug Administration (FDA) on a three-day Epi-
Ready for Response Teams Training. It will ini-
tially be delivered to 10 states that were recently 
awarded with a cooperative agreement to form 
Rapid Response Teams to improve response for 
food and feed emergencies.

For additional information about Epi-
Ready, visit our Web site at www.neha.org/

epi_ready/index.html or contact Ginny Coyle 
at gcoyle@neha.org.

Industry-Foodborne Illness 
Investigation Training and Recall 
Response Workshop (I-FIIT-RR) 
Demand continues for foodborne disease 
outbreak training inclusive of the food 
industry. This 1.5 day I-FIIT-RR workshop 
was developed in 2011 to assist regulatory 
officials and retail food industry representa-
tives to collaborate and prepare for a rapid 
and effective recall response or outbreak 
investigation. Like Epi-Ready, it follows the 
CIFOR guidelines and the recently released 
CIFOR industry guidelines.

This workshop was recently enhanced to 
include food recall and traceback compo-
nents, incorporating both food safety and 
food defense perspectives. I-FIIT-RR is a 
result of collaboration and input by a team of 
industry representatives, local/state/federal 
officials, and many others. The principle 
behind this training approach is that agencies 
and communities can use existing resources 
and relationships to improve overall effec-
tiveness and efficiency for retail food protec-
tion response activities. Another benefit can 
be the improved risk communication to the 
public, whether the need is to inform the 
local community about an outbreak or a 
product recall and the potential risks. 

NEHA members have received the ben-
efit of this training course in Memphis, Ten-
nessee; Columbus, Ohio; and Washington, 
DC. In 2012, NEHA received cooperative 
agreement funding for the enhanced I-FIIT-
RR workshop from FDA. It launched at this 
year’s AEC in Washington, DC, and I recently 
received word that three courses will be 
offered around the country within the next 
year, with three more to follow.

To learn more about attending this work-
shop or bringing this workshop to your 
area, visit our Web site at www.neha.org/ifiit/
index.html or contact Elizabeth Landeen at 
elandeen@neha.org.

Registry of Food Safety Credentials
In 2011, NEHA was awarded cooperative 
agreement funding from FDA to develop an 
online repository of food safety credential 
holders and experts. This registry is being 
designed to help meet requirements set forth 
in the Food Safety Modernization Act to 

implement an integrated food safety system 
and build the global capacity of food safety 
professionals. Another function of this data-
base will be for use during foodborne illness 
outbreaks and in food defense situations.

The final product will be an online data-
base of food safety experts noting their verifi-
able food safety credentials. The pilot project 
has begun for the North American region 
with the intention of expanding to a database 
that holds data for food safety experts around 
the world. The foundation for this sizable 
database will be NEHA’s current database of 
food safety credential holders. Some of the 
key goals for this tool include 1) being user-
friendly for credential holders and for enti-
ties searching for nearby experts, 2) being 
easily maintained and updated by a creden-
tial holder, 3) having easily verifiable infor-
mation, 4) being a secure site, and 5) estab-
lishing an understanding of equivalencies for 
credentials and skills across borders.

Development of this registry is a five-year 
project and is being led by Rance Baker of 
NEHA. Rance is working with a team of 
NEHA staff and a stakeholder group com-
prised of public and private sector represen-
tatives. The testing phase is underway now 
and both the North American and inter-
national launches are scheduled for 2014! 
Thanks to Rance and his team and our part-
ners at the Division of Human Resources 
Development in the Office of Regulatory 
Affairs at FDA for their work on this innova-
tive project, which will serve as a resource 
for food safety experts and the food industry 
throughout the world.

For additional information about the regis-
try, contact Rance Baker at rbaker@neha.org.

In Closing
Remember that each of the courses men-
tioned above is usually offered at no cost to 
NEHA members. These opportunities have 
been developed and funded through coop-
erative agreements with our federal part-
ners. NEHA members can also enjoy the 
benefit of receiving continuing education 
credits for each of the courses offered by 
NEHA, whether they are offered in person 
or online!

These are just a few examples of training 
opportunities and progressive activities that 
are being provided as member benefits. For 

 Y O U R  ASSOCIATION

 continued on page 49
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 S P E C I A L  R E P O R T

Introduction
Kombucha is a fermented beverage made from 
brewed tea and sugar. The taste is slightly 
sweet and acidic and it may have residual car-
bon dioxide. Kombucha is consumed in many 
countries as a health beverage. It is believed 
to have prophylactic and therapeutic benefi ts 
toward a wide variety of ailments (Greenwalt, 
Steinkraus, & Ledford, 2000). 

The kombucha process resembles a vin-
egar fermentation. Like vinegar, kombucha is 
a yeast fermentation of sugar to alcohol fol-
lowed by a bacterial fermentation of alcohol 
to acetic acid. The symbiotic culture forms a 
pellicle or biofi lm on the surface of the brew 
often called a mushroom or SCOBY (symbi-
otic culture of bacteria and yeast). The yeasts 
in the mixture metabolize sucrose into glu-
cose and fructose, then into ethanol and car-
bon dioxide (Mayser, Fromme, Leitzmann, & 
Gründer, 1995). Ethanol is then oxidized by 
the bacteria (in the presence of air) to acet-
aldehyde, then to acetic acid (Mayser et al., 
1995). Typically, the alcohol and acetic acid 

content of kombucha is less than 1%, respec-
tively, but each can rise to 3% during a long 
ferment (~30 days; Mayser et al., 1995). The 
acetic acid bacteria also utilize glucose to 
produce gluconic acid to approximately 2%. 
Fructose is used to a lesser extent and some 
remains after the fermentation. Some glucose 
will remain unmetabolized, and together with 
the remaining fructose, provides sweetness.

As a fermented beverage, kombucha would 
be categorized in the Food and Drug Adminis-
tration (FDA) model Food Code as a specialized 
process. A retail or food service operator would 
need to request a variance from their regula-
tory authority as defi ned in the Food Code sec-
tion 3-502.11 (Food and Drug Administration 
[FDA], 2009). This section also requires that 
the operator submit a food safety plan to the 
regulatory authority for approval before com-
mencing operations. Below is a hazard analysis 
and critical control points (HACCP)–based risk 
analysis of the process to help both operators 
and regulators maintain safe production 
of kombucha.

Process Flow
Naturally, kombucha recipes will vary. The 
general process has been described by Green-
walt and co-authors (2000) and includes infus-
ing tea leaves (~4–5 g/L) into freshly boiled 
water. Sugar (sucrose) is added at 50–150 g/L 
(5% to 15%). The tea is allowed to brew for 
approximately 10 minutes and the tea leaves 
are removed. The tea is cooled to room tem-
perature and approximately 100 ml/L (10%) 
of fresh-fermented kombucha containing the 
microbial mat from a previous batch is added 
to the sweetened tea. It is then covered with 
a clean porous cloth (e.g., cheese cloth) and 
incubated at room temperature for about 7–10 
days. If the fermentation is allowed to con-
tinue beyond 10 days, acidity may rise to levels 
potentially harmful to consumers (equivalent 
to drinking undiluted vinegar).

Kombucha Hazards Analysis 
(Table 1)

Biological Hazards
Most boiling water with black or green tea 
infusions start at a pH of  ≤5. Once fermen-
tation starts that pH is reduced in approxi-
mately seven days to a fi nishing pH of ≤2.5. 
Fermentations such as wort to beer have a 
similar pH reduction during fermentation, 
although beer will fi nish closer to pH 4. 
Since the initial infusion uses boiling water 
we consult Table A of section 1-201.10(B) 
(FDA, 2009) to determine if this is a poten-
tially hazardous food (PHF). The tea infu-
sion would not be a PHF if the pH were ≤4.6. 
Since the tea is heated but not packaged, 
however, it may be subject to contamination 
after cooling. Therefore, we must also con-
sult Table B of section 1-201.10(B) (FDA, 

Abst ract  Kombucha is a fermented beverage made from brewed 

tea and sugar. The taste is slightly sweet and acidic and it may have residual 

carbon dioxide. Kombucha is consumed in many countries as a health 

beverage and it is gaining in popularity in the U.S. Consequently, many 

retailers and food service operators are seeking to brew this beverage on 

site. As a fermented beverage, kombucha would be categorized in the Food 

and Drug Administration model Food Code as a specialized process and 

would require a variance with submission of a food safety plan. This special 

report was created to assist both operators and regulators in preparing or 

reviewing a kombucha food safety plan. 

Brian A. Nummer, PhD
Retail-Foodservice Food 

Safety Consortium
Utah State University 

Cooperative Extension

Kombucha Brewing 
Under the Food and Drug 
Administration Model 
Food Code: Risk Analysis 
and Processing Guidance

3 tables, 0 fi gures
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2009) that requires a pH ≤4.2 to be a non-
PHF. Since kombucha starts at a potentially 
hazardous pH (~5) and finishes below 4.2 
this process would require food safety moni-
toring to ensure safety. This is also confirmed 
in the Food Code under section 3-502.11 
(FDA, 2009), where it requires a food safety 
plan for any process that uses acidification to 
make a PHF into a non-PHF. 

Chemical Hazards
FDA has evaluated the practices of several com-
mercial producers of the kombucha and found 

no pathogenic organisms or other hygiene vio-
lations (Centers for Disease Control and Pre-
vention [CDC], 1996). Kombucha consump-
tion has proven to be harmful in only a few 
documented instances (Srinivasan, Smolinske, 
& Greenbaum, 1997). The possibility of toxic 
effects when kombucha is consumed in large 
quantities became a concern after two inci-
dents in the U.S. in 1995. One individual died 
from perforations of the intestinal tract and 
severe acidosis. It was speculated that because 
she had recently increased her consumption 
threefold to 12 oz. that kombucha was the 

cause. The surviving victim mentioned that she 
increased the length of the fermentation time 
from 7 days to 14 days, and she could hardly 
manage swallowing the very acidic tea but did 
anyway. It was later determined that the indi-
viduals had severe preexisting conditions that 
made them susceptible to acidosis. These two 
cases of illness were investigated to determine 
if kombucha played a role in the development 
of metabolic acidosis or other toxic effects. It 
was concluded that kombucha is not harmful 
at about 4 oz. per day; however, potential risks 
are associated with excessive consumption or 

Kombucha Hazards Analysis

Step Description Hazards Created, Eliminated, or Reduced Preventative Measures

1 Boil water. Potable water should be free of hazards. Boiling water will kill vegetative pathogens.

2 Add tea and sugar 
and steep 10 minutes.

Biological: sporeformers may be heat shocked 
and germinate.

Clostridium perfringens and Bacillus cereus do not grow well or at all  
at pH ≤5. Clostridium botulinum can grow down to pH 4.7. The addition  
of an active fermentation culture will outcompete sporeformers to 
prevent growth.

3 Remove tea leaves  
and cool.

Biological: cross contamination. Use clean and sanitized utensils. Keep container covered with clean  
and sanitized porous cloth (e.g., cheese cloth). The pH of ≤5 will  
prevent C. perfringens outgrowth. Therefore cooling parameters need  
not be monitored.

4 Add 10% inoculum. Biological: mold or wild culture cross 
contamination.

Use a commercially purchased culture on first use. Reuse only culture 
from kombucha that shows no signs of mold or unusual contamination. 
The pH of the reused culture should be ≤4.2 to minimize the potential for 
acid resistant pathogens.

5 Ferment at room 
temperature 7–10 days.

Biological: pathogen, mold, or wild culture 
growth. Chemical: acetic acid can leach metal.

Ferment aerobically (in the presence of air) to ensure acetic acid 
production to pH ≤4.2. The typical end point is pH 2.5. Ferment in a safe, 
nonmetallic food-grade container.

6 Refrigerate covered. Biological: overfermentation may increase 
acetic acid to hazardous levels. As fermentation 
slows, mold growth potential increases.

Refrigeration at pH ≤4.2 would not be required for food safety, but 
it should be used for quality and to prevent spoilage from molds. 
Refrigerated kombucha should be covered, preferably with a tight fitting 
lid. This way a small amount of carbon dioxide will build up and minimize 
mold growth.

7 Filter or remove culture 
mass.

Biological: cross contamination. Use clean and sanitized utensils.

8A Option 1: consume  
on premises.

Chemical: a potential for acidosis or acid 
ingestion exists. If mold is present mycotoxins 
could form.

The pH end point should be ≥2.5. Overfermentation can increase 
acetic acid to hazardous levels. Consumers should be notified that no 
more than 4 oz. per day is recommended and that they should not be 
immunocompromised.

8B Option 2: package for 
retail sale.

Biological: spoilage with mold or yeasts. Over 
fermentation producing excessive acetic acid.

Option 1: Pasteurize—hot fill at 180°F into clean containers. Cap and 
invert 15 seconds. Cool.
Option 2: Fill packaging at any temperature and store refrigerated with 
a shelf life that precludes mold development, excessive acetic acid, or 
excessive carbon dioxide buildup.
Option 3: Same as option 2, but add 0.1% sodium benzoate and 0.1% 
potassium sorbate to prevent mold growth.

Option 2: labeling. Chemical: a potential for acidosis or acid 
ingestion exists.

Consumers should be notified that no more than 4 oz. per day is 
recommended and that they should not be immunocompromised. They 
also should be made aware that small amounts of alcohol may be 
present. Labeling claims are outside the scope of this article, but health 
claims would not be recommended (e.g., “cures health problems”).

TABLE 1
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consumption by an individual with preexisting 
health problems (CDC, 1995).

Alcohol is certainly debatable as a hazard, 
but is not debatable as an impetus for taxes. 
Recently Severson (2010) reported some 
commercial producers of kombucha were 
forced to recall unpasteurized versions from 
grocery store shelves when the alcohol con-
tent exceeded 0.5%. Some brands continued 
to ferment and may produce up to 3% alco-
hol in the bottle. This happens because yeast 
continues to ferment sugars producing alco-
hol and carbon dioxide. In a closed container 
the buildup of carbon dioxide inhibits the 
conversion of alcohol to acetic acid.

Controlling Food Safety 

Critical Control Points, Critical 
Limits, Monitoring, Corrective 
Actions, and Record Keeping
Of all of the steps in Table 1, only one is criti-
cal to prevent the potential for acid-resistant 
pathogens: step 5. In this step the fermenta-
tion proceeds from pH ~5 to ≤4.2. Therefore 
the critical limit is pH ≤4.2. The pH should be 
monitored using a calibrated digital pH meter 
for ease and accuracy (versus paper). The 
main corrective action if the pH > 4.3 would 
be to continue fermentation and remeasure. 
If the pH does not reach pH ≤4.2 in seven 
days the culture is most likely contaminated 
or the fermentation temperature is too cold. 
In this case discard is recommended. Start a 
new batch with a newly purchased commer-
cial culture. A record of the pH of kombu-
cha should be kept to verify that the safe pH 
level has been reached. An example would be 
to create a simple table (Table 2). For each 
batch, mark the start date (manufacture date) 
and starting pH, then mark each successive 
pH measurement until pH ≤4.2. You may 
optionally continue to measure pH since the 
operational target is 2.5. Operators will also 
need to keep a calibration log (Table 3). If 
the pH goes below 2.5 the operator can add 
fresh brewed tea to return it to pH ≥2.5. A pH 
measurement guide including calibration 
instructions can be found at http://exten-
sion.usu.edu/files/publications/publication/
FN_Food_Safety_2008-01.pdf.

Good Manufacturing Practices 
Controls and preventative measures that 
don’t meet the threshold of being critical, but 

nonetheless are needed to ensure safety, are 
contained in good manufacturing practices 
and standard operating procedures (SOPs). 
These controls are found in Table 1 under 
preventative measures. Using these preventa-
tive measures is recommended.
1. Use hot (≥165°F) water to steep tea (kills 

vegetative pathogens if present).
2. Use only clean and sanitary equipment and 

utensils.
3. Use a commercially purchased culture on 

first use. Reuse only culture from kombu-
cha that shows no signs of mold or unusual 
contamination. 

4. Kombucha with a pH of below 2.5 or 
that tastes especially acidic should not be 
offered to consumers. A corrective action 
would be to dilute the high acidity with 
fresh brewed tea until pH ≥ 2.5, but never 
higher than pH 4.2.

5. Discard all kombucha that is showing 
signs of mold contamination. Do not reuse 
for inoculum.

6. Consumer warnings: Consumers should be 
notified that no more than 4 oz. per day 
is recommended (see CDC references) and 
that they should not be immunocompro-
mised. Furthermore, they should be made 
aware that minor amounts of alcohol may 
be present.

7. Health claims: kombucha is suggested to offer 
health benefits. Operators are discouraged 
from marketing or labeling health claims 
such as drinking will “cure” some ailment. 

SOPs
SOPs are written, step-by-step instructions to 
accomplish a food safety objective. The fol-
lowing are recommended.
1. A detailed pH measurement and calibra-

tion SOP.
2. A detailed process instruction sheet to tell 

employees how to make kombucha using 
the food safety measures outlined in this 
report. The SOP must describe how employ-
ees will measure and record on a pH log.

Retail Sale of Kombucha (Packaging)
Retail sale of kombucha is beyond the scope of 
this report. Described below, however, are some 
minimum concerns to this specialized process.

Many commercial processors bottle kombu-
cha. The main food safety hazard is acid-resis-
tant pathogens. Bottling kombucha at a pH 
≤4.2 will ensure no pathogen growth. Another 
hazard is bottling an actively fermenting kom-
bucha beverage. Carbon dioxide will build up 
inside the container causing pressure. As the 
pressure exceeds the ability of the container 
to hold it, leakage or breakage occurs. Bottles 

Kombucha pH Log

# Start Date/pH Date/pH Date/pH Date/pH Date/pH Date/pH Date/pH

1
2

etc.

pH Calibration Log

Date/pH/* Date/pH/* Date/pH/* Date/pH/* Date/pH/* Date/pH/*

Note. Record date of calibration, calibration pH, and *initials of calibrator. Indicate manufacturer’s suggested calibration 
interval (usually daily).

TABLE 2

TABLE 3
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can explode, forming projectile hazards. The 
last concern is shelf life, where spoilage from 
mold can occur or alcohol can build up ≥0.5%. 
Typically, as a little carbon dioxide builds up, 
acetic acid production will cease. So an excess 
acid hazard is unusual.

Fermented beverages (foods) are exempt 
from acidified foods canning regulations. 
Therefore they do not need any filings or 
notifications to FDA. Likewise, any refrig-
erated beverage (food) is also exempt from 
these same regulations. 

Option 1: The best method is to pasteurize 
kombucha for bottling. Pasteurization will kill 
the culture preventing carbon dioxide or alco-
hol buildup in bottles. A simple recommenda-
tion is to heat kombucha to 180°F and bottle 
immediately. After 30 seconds invert bottle and 
hold for another 30 seconds. Allow bottles to 
cool. Pasteurized and bottled kombucha with 
a pH ≤ 4.2 is shelf stable (room temperature). 

Option 2: This method relies on refrig-
eration and antifungal preservatives to 
minimize hazards and spoilage. Add 0.1% 
sodium benzoate and 0.1% potassium sor-
bate to kombucha with a pH ≤4.2. Bottle 
kombucha at any temperature. Keep refrig-
erated until use. Benzoate and sorbate will 
prevent mold growth and minimize yeast 
growth. Minimal to no growth of acetic 
acid bacteria will occur in bottles without 
significant oxygen. A refrigerated shelf life 
will need to be determined based on even-
tual yeast growth with carbon dioxide and 
alcohol production. If this proves difficult 
the operator may want to find a commercial 
kombucha culture with yeasts that do not 
grow well at refrigeration temperature.

Option 3: This method relies on refrigera-
tion alone to minimize hazards and spoilage. 
Bottle kombucha at any temperature. Keep 
refrigerated until use. A refrigerated shelf life 
will need to be determined based on eventual 
yeast growth with carbon dioxide and alcohol 
production. If this proves difficult the opera-
tor may want to find a commercial kombucha 
culture with yeasts that do not grow well at 
refrigeration temperature.

Operators seeking to package kombucha 
for retail sale must also address labeling. 
Labeling issues are not covered here and 
operators are encouraged to inquire with 
their regulator or their state’s department of 
agriculture. Generally, regulators who over-
see grocery (retail) have information on 
requirements for retail labels.

Questions and Answers

Can I make diet or low-sugar 
kombucha? 
No. The sugar is required as part of the fer-
mentation process. Without sugar no alcohol 
is produced and without alcohol no acetic 
acid can be produced. 

I make kombucha using tea and other 
ingredients (e.g., fruit). Can I still use 
this guideline? 
Yes, provided the added ingredient does not 
raise the starting pH over that of the original 
tea (~pH 5). It might still be safe to brew using 
higher starting pH levels, but the operator 
would need to consult a processing authority.

Can I use this report as my  
HACCP Plan? 
This report contains some of the information 
needed for an HACCP plan, just not in the 
typical table format. If the regulatory author-
ity will accept it, it is sufficient. Copies of the 
recipe(s), a pH log, pH meter calibration log, 
and SOPs would need to be added to com-
plete the food safety plan. If the kombucha 
is bottled, information on safe bottling and 
labels must also be included.

How strict is the recommendation from 
the CDC about limiting consumption of 
kombucha to 4 oz. per day?
The CDC recommendations are exactly that—
recommendations. They are in response to 
two older and ill persons who became ill. One 
died. The analysis suggested they drank 12 oz. 
per day of very acidic kombucha. So, the rec-
ommendations are not to overferment kombu-
cha and limit servings.

I’ve read that the kombucha culture 
is sensitive to sanitizers. How can 
I sanitize utensils and wares so the 
culture is not harmed? 
FDA model Food Code section 4-703.11 per-
mits submerging previously cleaned wares 
and utensils in hot water (≥160°F) for ≥30 
seconds. This will sanitize the wares and not 
leave any chemical residue. 
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Introduction
Popular belief holds that the prevalence of 
asthma in children is increasing. Does the 
evidence, however, support this perception? 
Before this question can be addressed, a 
definition of asthma is warranted. Although 
the features of asthma are well documented 
(Beasley, Crane, Lai, & Pearce, 2000; Ger-

gen, Mullally, & Evans, 1988; Martinez, 
2002; Martinez et al., 1995), defining asthma 
remains a problem (Castro-Rodriguez, Hol-
berg, Martinez, & Wright, 2000; Taylor & 
Newacheck, 1992). Asthma is characterized 
by inflammation of the airways linked to 
hyper-responsiveness (Nowak et al., 1996), 
meaning that the airways leading to the lungs 

can narrow when individuals are exposed to 
anything to which they are sensitive. Inflam-
mation and bronchial constriction are char-
acterized by wheezing, coughing, and chest 
tightness (Belanger et al., 2003). Scientists 
and clinicians have agreed that asthma is 
not a single disease; it exists in many forms 
(Bacharier et al., 2004). 

The past decade has been characterized 
by proliferation of expert practice guidelines 
(Fuhlbrigge et al., 2002; National Asthma 
Education and Prevention Program, 1997), 
all with the goals of disseminating scientific 
knowledge to the practicing clinician and the 
widespread implementation of anti-inflam-
matory therapy to improve asthma outcomes 
(Adams et al., 2001; Diaz et al., 2000; Halter-
man, Aligne, Auinger, McBridge, & Szilagyi, 
2000). To this extent, much emphasis has 
been on early diagnosis and longitudinal care 
of patients with asthma, along with ensur-
ing adherence to the recommended therapies 
(Stempel, McLaughlin, Stanford, & Fuhl-
brigge, 2005). Yet, as exciting as changes 
have been in asthma research and practice, 
many controversies abound when consider-
ing asthma and asthma-like symptoms in 
children aged five and younger. 

Data on asthma in children younger than 
five years of age are sparse. Establishing a 
diagnosis of asthma in young wheezing chil-
dren can be challenging because the type, 
severity, and frequency of asthma symptoms 
vary widely among children and sometimes 
even with an individual child (Martinez, 
2002). Also, not all wheezing or coughing 
is caused by asthma (Martinez et al., 1995). 
Asthma in children usually has many causes 

2 tables, 0 figures

Abst ract  The heterogeneity of asthma and asthma-like symp-

toms results in difficulty defining, diagnosing, and therefore estimating 

environmental exposures and associations with wheezing or asthma-like 

symptoms. Determining the disease burden for young children is particu-

larly challenging. In the study described in this article, counter-matched 

sampling design was used to select participants from the Woman, Infants, 

and Children (WIC) program for this nested case-control study (N = 691, 

with 412 controls). Data were collected through structured interviews. 

Exposure to wood or oil smoke, soot, or exhaust was significantly associat-

ed with early-life asthma, as was exposure to cockroaches. Multivariate 

analyses showed that increasing age, male gender, presence of allergies 

(although not the type of allergies), and the presence of eczema at birth pre-

dicted wheezing behaviors in the authors’ study. The authors estimated the 

prevalence of wheezing behavior in a population of low-income preschool 

children was 31% with prevalence rates higher among African-American 

children as compared to other races/ethnicities. Fifty-one percent of those 

children whose caregivers reported wheezing, however, had not received a 

diagnosis of asthma. Further study is recommended to compare the differ-

ences in the wheezing experiences between those diagnosed with asthma 

and those who are undiagnosed, with the intent of designing primary pre-

vention interventions tailored to parents and caregivers of young children.
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or triggers that may change as a child ages 
(Melén, Wickman, Nordvall, van Hage-Ham-
sten, & Lindfors, 2001). A child’s reaction to 
a trigger may also change with treatment. In 
children under five years of age, the most com-
mon cause of asthma-like symptoms is upper 
respiratory viral infections such as the com-
mon cold (Lemanske et al., 2005). 

Diagnostic tools and current treatment 
recommendations do not address ade-
quately the needs of children age five and 
under (van Schayck, van Der Heijden, van 
Den Boom, Tirimanna, & van Herwaarden, 
2000). Asthma is often difficult to diagnose 
in infants, but in older children the disease 
can be diagnosed based on the child’s medi-
cal history, symptoms, and physical exam 
(Castro-Rodriguez et al., 2000). The major-
ity of the asthma estimates contained in 
most reports are dependent on conjecturing 
diagnoses and documenting these results in 
patients’ records, with the potential of either 
underestimates or overestimates of cases 
(Kuehni, Davis, Brooke, & Silverman, 2001; 
van Schayck et al., 2000). Surveillance will 
help determine the true disease burden of 
asthma in children younger than five years 
of age. Our study was conducted to gather 
preliminary data regarding the prevalence of 
asthma-like symptoms in young children and 
to explore environmental exposure sources 
that may be impacting symptoms.

Methods

Background and Subject Selection
Our study was approved in accordance 
with Allegheny County Health Department 
(ACHD) procedures, with approval granted 
by the ACHD director rather than an insti-
tutional review board. All participants gave 
written informed consent.

To determine prevalence of asthma in pre-
school children below the usual age of spi-
rometry (e.g., 5–6 years), subjects for our 
exploratory case-control study were selected 
from the Woman, Infants, and Children 
(WIC) program—a nutrition program that 
provides food, infant formula, and breast-
feeding/nutrition education to income-eligi-
ble pregnant, breast-feeding, and bottle-feed-
ing women. The program targets infants, tod-
dlers, and children up to five years of age who 
meet certain medical or nutritional risk crite-
ria. The WIC program in Allegheny County, 

Pennsylvania, serves an average of 15,640 
individuals per month, with approximately 
50% self-identifying as members of a racial/
ethnic minority. To best capture those indi-
viduals who would potentially be at greatest 
risk of reporting asthma-like symptoms, the 
investigators focused on five WIC program 
sites. These sites were selected because of 
their proximity to air monitoring stations 
and the number of asthma hospitalizations 
reported by local hospitals. The local health 
department reported that these geographical 
areas had potentially poor air quality (Allegh-
eny County Health Department, 2010). 

A counter-matched sampling design (Lang-
holz & Goldstein, 2001) was utilized to select 
subjects for this nested case-control study. 
The study base consisted of 5% (n = 810) of 
the individuals served by Allegheny County 
WIC, who were caregivers of children five 
years of age and younger at the time of the 
interview and had completed active follow-
up of WIC services. Of this study base, 14.7% 
(n = 119) refused participation. From those 
caregivers of children who chose to partici-
pate, all children with histories of wheezing 
episodes or asthma diagnosis before age five 
were assigned to the case group (n = 279). 
Matched controls (n = 412) were asthma-free 
children randomly selected from each of the 
qualifying target sites, with approximately 
equal numbers of children who were exposed 
or unexposed to maternal smoking within 
each sampling stratum. 

Inclusion Criteria
Individuals who had appointments to receive 
WIC services were approached in wait-
ing rooms of WIC providers. Individuals 
who were WIC participants were eligible 
for study participation if they were current 
WIC members with a child five years of age 
or younger. Because some of the WIC clin-
ics shared office space and waiting room 
areas with other health agencies, any person 
coming to these clinics with a child approxi-
mately five years of age or younger was also 
approached. Potential study participants 
were informed that ACHD was conducting 
a study on asthma, that the interview would 
probably take less than five minutes, and 
that they would receive a grocery store gift 
card for their participation. Mothers, fathers, 
grandparents, and foster parents were inter-
viewed. Pregnant women who were pregnant 

with their first child, or whose other children 
were older than five were not included in the 
sample. For convenience, all participants are 
referred to as caregivers. 

Data Collection
The caregiver of each case and control pro-
vided detailed information on demographics, 
family history of asthma, feeding practices in 
infancy, day care attendance, and the house-
hold environment (cockroaches, pets, herbi-
cides, and pesticides), through a structured 
interview. When the caregiver did not state the 
child’s racial data, the interviewer inserted this 
information based on physical appearance. 

Exposure Assessment
For the environmental exposures, including 
exposures to cockroach, pets, and pesticides, 
mutually exclusive categories of exposure 
were recorded as “ever exposed” or “never 
exposed.” To have a surrogate measure of 
particulate air pollutant exposures at home, 
caregivers provided a self-report of the child’s 
exposure to wood or oil smoke, soot, dust, or 
exhaust (specified as referring to home heat-
ing sources rather than exposure to auto ex-
haust in the greater environment). While a 
subjective measure of air pollution, exposure 
to wood or oil smoke, soot, dust, or exhaust 
best captured what respondents understood to 
be descriptive patterns of air pollution expo-
sure in the home for participating children. It 
is noteworthy that most participants were not 
aware of the geographical locations of local air 
monitoring stations. Although air monitoring 
data and residential proximity to monitoring 
stations would have been useful data sources 
to triangulate reporting, such data collection 
was beyond the scope of our preliminary 
study. Maintaining respondent confidentiality 
and anonymity was a primary concern for this 
vulnerable population. On the basis of the pat-
terns of exposure in participating children, ex-
posure was defined in three periods: (a) never 
exposed, (b) exposed since first year of life 
that continued after one year of age, and (c) 
exposed only after first year of life. 

Outcome Assessment
Asthma status was defined using the response 
to the question, “Do you have any children 
four years of age or younger who have ever 
wheezed when they breathe for any reason?” 
Wheezing was defined as a high pitched whis-
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tling sound during breathing occurring when 
air flowed through narrowed breathing tubes. 
Responses to this question were subjective (i.e., 
self-report) and not based on clinical findings. 
The age of onset was classified into mutually 
exclusive categories of early (by three years of 
age) and late (after three years of age) onset. 
An asthma case was assigned as having persis-
tent wheezing if the child had (a) one or more 
episodes of wheezing in the 12 months before 
study entry, or (b) used prescribed medication 
for asthma in the 12 months before study en-
try or after starting preschool. Of the 279 cases, 
47 (16.8%) had early transient wheezing, 166 
(59.5%) had early persistent asthma, and 166 
(59.5%) had late-onset asthma. Children were 
grouped into two wheezing status categories: 
those children who “never wheezed” and those 
children who “wheezed.”

Assessment of Confounders and 
Effect Modifiers
Maternal smoking during pregnancy was 
coded as yes (had ever smoked) or no (did 
not smoke). Secondhand tobacco smoke 
exposure was defined using the number of 
household smokers (none, 1, >1) during 
infancy. Family history of asthma or allergy 
was defined as any first-degree relative with 
a diagnosis of asthma or allergy. The yearly 
family income limits were an annual gross 
income of $17,224 for a family of one; $23,107 
for two; $28,990 for three; $34,873 for four; 
$40,756 for five; $46,639 for six; $52,522 for 
seven; and $58,405 for eight. Unborn chil-
dren were counted in determining family size 
when the woman was pregnant. Maternal or 
caregiver education at study entry was cat-
egorized into five groups: <12th grade edu-
cation, completed 12th grade, some college, 
completed college, and some graduate edu-
cation. Race/ethnicity was grouped into five 
categories: non-Hispanic Whites, Hispanics, 
African-Americans, Asians, and others.

Statistical Analysis
Odd ratios (ORs) of physician-diagnosed 
asthma patients were estimated by fitting 
conditional likelihood logistic regression 
models accounting for the counter-matched 
sampling using the methods described by 
Langholz and Goldstein (2001). The num-
ber of nonparticipants, including those who 
declined to participate, was considered in 
the likelihood. Pairwise conditional logistic 

regression models were used to assess the 
role of the exposures in different subgroups 
of levels and intensity of asthma (i.e., early 
transient wheezing, early persistent, and late-
onset asthma) and on age of onset at asthma 
diagnosis (i.e., asthma diagnosis by age three 
versus diagnosis after age three). Education, 
income, race/ethnicity, secondhand smoke, 
and maternal or family history of asthma 
confounded the associations between the 
exposures of interest and asthma. Potential 
confounding covariate factors were included 
in final models if their inclusion resulted in 
a 10% change in the parameter estimate. To 
investigate whether any of these character-
istics modified the associations of the expo-
sures of interest with asthma, conditional 
logistic regression models were compared 
with and without appropriate interaction 
terms using likelihood ratio tests. All tests 
were two-sided at a 5% significance level. 

Results
Table 1 summarizes the demographic char-
acteristics of the study subjects. Most of the 

study subjects (55%, n = 380) were African-
American and male (59%, n = 411) and had 
low socioeconomic status with an annual 
family income of nearly $20,000 for a fam-
ily of two or more. Family history of asthma 
was more common among cases than among 
controls. No statistical difference occurred in 
maternal or caregiver education level, yearly 
family income, or access to health care mea-
sured in terms of health insurance coverage 
between cases and controls. 

Table 2 summarizes the associations 
between various risk factors that were exam-
ined. Exposure to wood or oil smoke, soot, 
or exhaust was significantly associated with 
early-life asthma. Children exposed to wood 
or oil smoke, soot, or exhaust were at a 1.6-
fold higher risk of asthma than those who were 
never exposed (OR = 1.61; 95% confidence 
interval [CI], 1.03–2.51). This association 
appeared stronger when exposure occurred in 
the first year of life (OR = 1.74; 95% CI, 1.02–
2.96). In subgroup analysis, exposure to wood 
or oil smoke, soot, or exhaust was positively 
associated with both early- and late-onset 

Selected Demographic Characteristics of the Study Sample

Characteristics Case # (%) Control # (%)

Gender
Male 177 (63.4) 234 (56.8)
Female 102 (36.6) 178 (43.2)

Race/ethnicity
Non-Hispanic white 133 (43) 177 (57)
African-American 220 (58) 160 (42)
Asian and other 3 (1) 3 (1)

Maternal/caregiver education
<12th grade 82 (29.7) 155 (38.4)
12th grade 137 (49.6) 195 (48.3)
Some college 24 (8.7) 22 (5.4)
College 33 (12.0) 32 (7.9)

Annual family income ($) for family sizes of two or more children
<7,500 37 (14.8) 86 (23.6)
7,500–14,999 40 (16.0) 59 (16.2)
15,000–29,999 174 (69.2) 220 (60.2)

Health insurance coverage
Yes 250 (90.6) 346 (84.8)
No 26 (9.4) 62 (15.2)

Family history of asthma
Yes 150 (58.1) 296 (79.4)
No 108 (41.9) 77 (20.6)

TABLE 1
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asthma. The ORs were statistically significant 
for early transient wheezing, for which expo-
sure since the first year of life was associated 
with a more than five-fold increased risk (OR 
= 5.65; 95% CI, 1.97–16.20).

Children exposed to cockroaches were 
also at significantly higher risk for childhood 
asthma. Children exposed to cockroaches in 
their infancy had a nearly two-fold higher 
risk of asthma than those not exposed (OR 
= 1.74, 95% CI, 1.02–2.96). Any cockroach 
exposure was associated with early transient 
wheezing (OR = 5.65; 95% CI, 1.97–16.20). 
This association derived from exposure to 

cockroaches after the first year, which was 
associated with increased risk for early tran-
sient wheezing. Exposure to pets was not 
associated with asthma in our data. Further-
more, specific types of pets (e.g., dogs, cats, 
birds, and other furry animals) were not asso-
ciated with asthma (results not shown).

Children exposed to aerosols and indoor 
pesticides in the first year of life were signifi-
cantly at higher risk of asthma (OR = 4.58, 
95% CI, 1.36–15.43) although exposure 
beginning after the first year of life was not 
associated with increased risk of asthma. 
When aerosols and indoor pesticide expo-

sures were considered together, children 
exposed to any aerosol or pesticide in the 
first year of life were at a 2.53-fold higher 
risk of asthma compared with children who 
were never exposed (OR = 2.53; 95% CI, 
1.25–5.09). The ORs for the association of 
exposure to aerosols and indoor pesticide 
and early persistent asthma were largest for 
exposure beginning in the first year of life 
(OR = 3.78, 95% CI, 1.70–8.41). 

No association was found between exclu-
sive breast-feeding and any asthma outcome. 
Family or maternal history of asthma, sec-
ondhand tobacco exposure, maternal smok-

Associations Between Any Asthma, Early Transient Wheezing, Early-Onset Persistent Asthma,  
and Late-Onset Asthma and Selected Environmental Exposures

Exposure Control # Any Asthma Early Transient Wheezing Early-Onset 
Persistent Asthma

Late-Onset Asthma

# OR a (95% CI a) # OR a (95% CI ) # OR a (95% CI ) # OR a (95% CI )
Wood/oil smoke, soot, or exhaust

Never 310 201 1.0 32 1.0 122 1.0 47 1.0
Ever 102 78 1.61 (1.03–2.51) 15 4.32 (1.80–10.38) 44 1.59 (0.94–2.70) 19 1.12 (0.52–2.43)
In first year  
and later

60 46 1.74 (1.02–2.96) 10 5.65 (1.97–16.20) 22 1.62 (0.84–3.10) 14 1.35 (0.58–3.16)

Not in first year 42 32 1.44 (0.77–2.68) 5 2.99 (0.86–10.41) 22 1.57 (0.77–3.21) 5 0.73 (0.22–2.42)
Cockroaches

Never 364 240 1.0 38 1.0 143 1.0 59 1.0
Ever 102 78 1.61 (1.03–2.51) 15 4.32 (1.80–10.38) 44 1.59 (0.94–2.70) 19 1.12 (0.52–2.43)
In first year  
and later

60 46 1.74 (1.02–2.96) 10 5.65 (1.97–16.20) 22 1.62 (0.84–3.10) 14 1.35 (0.58–3.16)

Not in first year 42 32 1.44 (0.77–2.68) 5 2.99 (0.86–10.41) 22 1.57 (0.77–3.21) 5 0.73 (0.22–2.42)
Pets

Never 82 58 1.0 9 1.0 34 1.0 15 1.0
Ever 330 221 1.42 (0.88–2.29) 38 2.61 (0.89–7.71) 132 1.41 (0.80–2.47) 51 0.73 (0.32–1.64)
In first year  
and later

224 146 1.48 (0.88–2.47) 23 2.34 (0.72–7.55) 90 1.47 (0.80–2.68) 33 0.78 (0.32–1.90)

Not in the first 
year

106 75 1.35 (0.78–2.33) 15 2.90 (0.91–9.25) 42 1.32 (0.69–2.53) 18 0.67 (0.27–1.67)

Aerosols/indoor pesticides
Never 387 257 1.0 46 1.0 151 1.0 60 1.0
Ever 25 22 1.20 (0.58–2.47) 1 0.26 (0.02–4.36) 15 1.36 (0.61–3.01) 6 1.21 (0.40–3.68)
In first year  
and later

5 11 4.58 (1.36–15.43) 0 – 10 10.08 (2.46–41.33) 1 2.26 (0.19–27.43)

Not in the first 
year

20 11 0.58 (0.24–1.39) 1 0.26 (0.02–4.36) 5 0.36 (0.12–1.11) 5 1.09 (0.33–3.58)

Exclusive breast-feeding
<4 months 280 163 1.0 32 1.0 100 1.0 31 1.0
≥4 months 121 111 1.34 (0.88–2.04) 14 1.34 (0.54–3.33) 62 1.27 (0.77–2.11) 35 1.98 (0.96–4.07)

a OR = odds ratio; CI = confidence interval. ORs are matched on age, sex, and community of residence (i.e., proximity to air monitoring station), counter-matched on in utero maternal 
smoking and adjusted for race/ethnicity.

TABLE 2
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ing during pregnancy, gestational age, yearly 
family income, health insurance coverage, 
and maternal education level did not con-
found the association between any of the 
early-life exposures and asthma outcomes. 
Therefore, these variables were not included 
in the final models. Furthermore, none of 
the associations between the exposures and 
early-life asthma varied by family or maternal 
history of asthma or allergy.

In our study, the estimate of prevalence of 
wheezing behavior in a population of low-
income preschool children was found to be 
31%; however, 51% of those children with 
wheezing, as reported by caregivers, had not 
received a diagnosis of asthma. 

Multivariate analyses showed that increas-
ing age, male gender, presence of allergies 
(although not the type of allergies), and the 
presence of eczema at birth predicted wheez-
ing behaviors in children in the WIC popula-
tion. The data showed gender as a predictor 
of wheezing. For example, males were 1.6 
times more likely to wheeze than females. 
When breathing problems after physical 
activity or after exposure to cigarette smoke 
were considered, the presence of eczema at 
birth and breathing problems after exposure 
to cigarette smoke were significantly associ-
ated with wheezing behaviors. 

Discussion
The diagnosis of asthma in young children 
may well be more challenging than previously 
appreciated. The difficulty of accurate diag-
nosis is often underestimated by clinicians 
who may link it to a passing cold or other 
nonserious condition rather than relating it 
to asthma, a chronic and potentially serious 
disease. What accounts for the widespread 
perception that the prevalence of asthma is 
increasing in children, particularly in those 
younger than five years of age? 

Being diagnosed as having asthma is 
closely related to receiving specific treatment 
for the condition (Kuehni et al., 2001; van 
Schayck et al., 2000) and good reason already 
exists to suppose that pediatricians are see-
ing more children whom they recognize as 
having asthma-like symptoms. Increases in 
hospital admissions and general practice 
consultations for asthma have been reported 
(Homer et al., 1996; Ordonez, Phelan, Olin-
sky, & Robertson, 1998). Such increases may 
reflect changes in diagnosis and treatment 

of asthma-like symptoms rather than an 
increase in the prevalence of the disease. 

The percentages of wheezing children 
ranged from 1% of Hispanic children to more 
than 59% of African-American children. Most 
children had mild to moderate degrees of sever-
ity. Atopy, environmental triggers, and tobacco 
smoke exposure were common risk factors. 

 Our study found that older children, 
males, those with allergies, and those with 
eczema at birth were at increased risk for 
wheezing behavior that is common to 
asthma. The greatest proportional increase 
among the boys, and a substantial increase 
among the girls, was in those with persis-
tent symptoms but no diagnosis of asthma 
or asthma-like disease. In view of the close 
association that is believed to exist between 
diagnostic labels and treatment, this is partic-
ularly troubling. It may indicate an increasing 
number of untreated cases with moderately 
severe disease.

Our study had several limitations. It exam-
ined children participating in the Allegheny 
County, Pennsylvania, WIC program, which 
serves families of low socioeconomic status, 
so the findings do not represent the general 
population. This sample was also not rep-
resentative of the racial distribution, or of 
the access to health care and health-related 
products and practices of the general popula-
tion. Other limitations of our study include 
the extremely limited ability to draw causal 
inferences due to the cross-sectional nature 
of the study, as well as the recall bias associ-
ated with asking questions about events and 
conditions that may have occurred up to five 
years ago for some participants. 

Other study limitations relate to opera-
tional definitions. Our study was designed to 
explore a wide range of environmental expo-
sures that may impact asthma-like symp-
toms. Case definitions of asthma-like symp-
toms were broadly defined in an effort to cap-
ture the widest possible range of asthma and 
asthma-like symptoms, whether or not a par-
ticipant had ever received a formal diagnosis 
of asthma. Likewise, exposure status was 
defined using mutually exclusive categories 
of occurring or not occurring in an effort to 
capture the widest possible range of exposure 
factors. Detailed exposure data such as fre-
quency, duration, or magnitude of exposure 
were not collected, thus limiting statistical 
analysis capabilities. Although reported air 

quality and the number of asthma hospital-
izations were used to select interview sites, 
our study was based solely on subjective 
caregiver self-report. Residential addresses 
would have provided the ability to triangu-
late empirical air quality data, but protect-
ing participant anonymity was an overriding 
concern for our study, so no personally iden-
tifying information was collected.

Conclusion
The results from this exploratory study sug-
gest that nearly 30% of the low-income pre-
school population may be at risk for asthma 
or asthma-like symptoms, and that African-
American children may be at higher risk for 
wheezing behavior than other racial groups. 
Of those at risk, approximately half reported 
no diagnosis of asthma. Despite a greater 
awareness and better understanding of 
asthma, the problem of definition and diag-
nosis remains unresolved. Further research 
is necessary to improve understanding of the 
differences between children who wheeze and 
those who do not, as well as comparing the 
experiences of children who have been diag-
nosed with asthma and those who have not. 
Such studies would benefit from an examina-
tion of medical records, particularly regard-
ing diagnosis of asthma or repeated doctor or 
hospital visits for breathing problems. 

Future studies will also benefit from inclu-
sion of empirically based indicators of envi-
ronmental exposures, such as air monitoring 
data and the frequency, duration, and mag-
nitude of exposures. This line of research is 
important for designers of primary prevention 
efforts in this population. Because environ-
mental exposures may increase risk for devel-
opment of asthma-like symptoms, educational 
outreach to parents and caregivers of young 
children about environmental exposures may 
be one such prevention method. 
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Radon-Contaminated Drinking 
Water From Private Wells: An 
Environmental Health Assessment 
Examining a Rural Colorado 
Mountain Community’s Exposure

Abst ract  In the study discussed in this article, 27 private drinking 

water wells located in a rural Colorado mountain community were sampled 

for radon contamination and compared against (a) the U.S. Environmental 

Protection Agency’s (U.S. EPA’s) proposed maximum contaminant level (MCL), 

(b) the U.S. EPA proposed alternate maximum contaminate level (AMCL), and 

(c) the average radon level measured in the local municipal drinking water 

system. The data from the authors’ study found that 100% of the wells within 

the study population had radon levels in excess of the U.S. EPA MCL, 37% 

were in excess of the U.S. EPA AMCL, and 100% of wells had radon levels 

greater than that found in the local municipal drinking water system. Radon 

contamination in one well was found to be 715 times greater than the U.S. 

EPA MCL, 54 times greater than the U.S. EPA AMLC, and 36,983 times greater 

than that found in the local municipal drinking water system. According to 

the research data and the reviewed literature, the results indicate that this 

population has a unique and elevated contamination profile and suggest 

that radon-contaminated drinking water from private wells can present a 

significant public health concern.  

Introduction 
During the reclamation of a Superfund site 
located along the Colorado front range, an 
employee of a private company contracted by 
the U.S. Department of Energy began setting 
off radiation security alarms while entering 
the facility. After months of investigation to 
determine the source of this radiation, it was 
discovered that the drinking water from the 
individual’s private well was so highly con-
taminated with radon that simply showering 
with this water left enough radiation on his 
body to trigger the alarms. 

The purpose of our study was to identify 
and evaluate the potential extreme occur-

rence of natural radon contamination in pri-
vate well water sources in this rural Colorado 
mountain community.   

Review of Literature

Radon and Health 
Radon is a well-established human carcino-
gen and is the principal source of radioactiv-
ity exposure among the general population 
in most countries around the world (Cateli-
nois et al., 2006). For many years scientists 
have sought to assess cancer risk associated 
with long-term radon exposure, and in 2005, 
the U.S. surgeon general issued a national 

health warning reporting that radon causes 
at least 20,000 lung cancer deaths per year in 
the U.S. and that all homes should be tested 
for elevated levels (Catelinois et al., 2006; 
U.S. Environmental Protection Agency [U.S. 
EPA], 2010). Also, in 1998, the International 
Agency for Research on Cancer declared 
radon as a group I carcinogen in humans 
based on results from animal and human epi-
demiological studies (Catelinois et al., 2006). 

Occupational and Residential Exposure 
The first evidence of the relationship between 
radon exposure and lung cancer was observed 
in occupational studies of miners exposed 
to high levels of radon underground (Al-
Zoughool & Krewski, 2009; Cothern & Smith, 
1987; Graves, 1987; Levy, 2009). Decades of 
subsequent research assessing this association 
has been firmly established and many cohort 
studies have shown statistically significant 
positive associations between radon inhalation 
and the risk of developing lung cancer (Darby 
et al., 1995; Howe, Nair, Newcombe, Miller, 
& Abbatt, 1986; Kusiak, Ritchie, Muller, & 
Springer, 1993; Laureir et al., 2004). 

Many studies have also been conducted in 
estimating the risk of residential radon expo-
sure among the general population showing 
a reasonable risk between such exposure 
and the development of lung cancer (Ala-
vanja, Lubin, Mahaffey, & Brownson, 1999; 
Auvinen et al., 1996; Barros-Dios, Barreiro, 
Ruano-Ravina, & Figuerias, 2002; Cateli-
nois et al., 2006; Darby et al., 1998; Pearce 
& Boyle, 2005; Wichmann et al., 2002, 
2005). In one study, the risk of lung cancer 
associated with residential radon exposure 
examined a collaborative analysis of indi-

3 tables, 1 figure
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vidual data obtained from 13 case-control 
studies related to lung cancer and residential 
radon. It was found that cases of lung can-
cer increased as the level of radon exposure 
in the home increased with a linear dose-
response relationship (Darby et al., 2005). 

Radon and Drinking Water 
Because radon is completely soluble in water, 
high concentrations of radon can accumulate 
in groundwater and pose a potential health risk 
for those who use it for drinking and domes-
tic purposes (Al-Zoughool & Krewski, 2009; 
Cothern & Rebers, 1991; Cothern & Smith, 
1987; Graves, 1987; National Research Coun-
cil [NRC], 1999a). In fact, one environmental 
radon assessment study found that private well 
water supplies in the U.S. were as much as 3–20 
times higher in radon concentrations compared 
to that of public drinking water systems (Hess, 
Horton, Prichard, & Coniglio, 1985). 

At increased concentrations, radon-
contaminated water used for drinking and 
domestic purposes can contribute to the 
added radon concentrations in a home (Col-
lman, Loomis, & Sandler, 1991; Cothern 
& Smith, 1987; Graves, 1987; NRC, 1999a; 
Prichard, 1987). With agitation and heating, 
radon in water is released into the air and 
scientists have estimated that 10%–15% of 
total radon in air may actually be attributed 
to radon off-gassing from domestic water 
(Collman et al., 1991). Also, the ingestion 
of high concentrations of radon in drinking 
water represents a particular concern for the 
stomach and gastrointestinal tissues, and sci-
entists have estimated that up to 90% of the 
ingested dose of radon is delivered directly to 
the stomach tissue (Kendall & Smith, 2002). 
In fact, it has been estimated that radon in 
drinking water causes approximately 168 
cancer deaths per year—89% from lung can-
cer caused by breathing radon released to 
the indoor air from the water, and 11% from 
stomach cancer caused by the ingestion of 
radon-contaminated water (NRC, 1999a, 
1999b; U.S. EPA, 2012). 

Radon Regulatory Limitations 
In comparison to other group I carcinogens, 
radon health and safety regulations tend to lack 
in overall progress and backing within the U.S. 
Currently, no federal regulations exist for radon 
exposure in indoor air; however, U.S. EPA has 
set a recommended action limit of 4 picocuries 

per liter (pCi/L) (U.S. EPA, 2011a). Similarly, no 
federally enforced standards currently exist that 
protect individuals from radon-contaminated 
drinking water. In 1991, the U.S. EPA did pro-
pose to regulate radon levels in public drinking 
water supplies; however, this regulation has yet 
to be adopted and would not include oversight 
for private wells (Abdallah, Habib, Nuwayhid, 
Chatila, & Katul, 2007; NRC, 1999b; U.S. EPA, 
2011b). In this 1991 proposal, U.S. EPA pro-
posed a new National Primary Drinking Water 
Regulation that recommended a maximum 
contaminant level (MCL) of 300 pCi/L. In 
addition to the proposed MCL, U.S. EPA also 
proposed a debated alternative MCL (AMCL) 
of 4,000 pCi/L. This AMCL would be allowed 
only if states or the local community water sys-
tem developed a U.S. EPA–approved indoor air 
quality program, also called multimedia mitiga-
tion programs, to educate and provide radon 
consultation to area residents. Overall, this 
AMCL is often referred to as a mechanically 
influenced standard as opposed to a relevant 
health protection standard (Abdallah et al., 
2007; NRC, 1999b; U.S. EPA, 2011c). 

Methods 

Sample, Instrumentation, and Data 
Collection 
The population in our study was considered a 
convenience sample of 29 private wells located 
in a rural Colorado mountain community. A 
total of 27 wells were sampled in our study. 

All water samples were sent to a local 
U.S.EPA–certified laboratory for analysis. 
The laboratory used the Standard Method 
of the Examination of Water and Wastewater 
7500-Rn Liquid Scintillation Method, which 
is specific for determining radon concentra-
tions in drinking water obtained from ground 
or surface water sources (Clescerl, Green-
berg, & Eaton, 1999). 

Water sampling occurred over a four-week 
period and each private well was sampled 
once for radon, uranium, and radium. Ura-
nium and radium levels were sampled only to 
account for the potential positive bias result-
ing from interference of these radionuclides 
if present in concentrations greater than the 
radon (Clescerl et al., 1999). All radon water 
samples were collected in glass sample con-
tainers (two at each well), while the uranium 
and radium samples were collected in plastic 
containers (three at each well) as specified 

by laboratory analysis methods. All sample 
instruments were provided by the laboratory 
and inspected prior to use for sound condi-
tion. Sample bottles found to be damaged or 
altered in any way were not used for sample 
collection in this study (Koren & Bisesi, 
2003; Salvato, Nemerow, & Agardy, 2003). 

All water samples were collected from a non-
aerated spigot that had been allowed to run 
for at least 10 minutes to ensure the sample 
was representative of water directly in the well 
(Clescerl et al., 1999). Samples were collected 
by a registered environmental health specialist 
or a research assistant trained in water sample 
collection techniques and procedures. After 
samples had been collected, a record of the 
sampling date, time, and sample identification 
number was recorded on a chain of custody 
form. The sample number corresponded to the 
well being sampled, numbered 1 to 27. To com-
pare radon levels measured between the sample 
population and the local municipal drinking 
water system, radon level data was requested 
from the local municipal drinking water qual-
ity laboratory. The local municipality provided 
the researchers with a record of radon samples 
taken between 2003 and 2010. 

Data Analysis
All water samples were analyzed by a U.S. 
EPA–certified laboratory using the Standard 
Method for the Examination of Water and 
Wastewater 7500-Rn. Radon levels measured 
in the private wells were compared against 
the following study standards: (a) the U.S. 
EPA MCL of 300 pCi/L, (b) the U.S. EPA 
AMCL of 4,000 pCi/L, and c) the average 
radon level measured in the local municipal 
drinking water system at 5.8 pCi/L. All water 
quality results were entered into SPSS and 
Microsoft Excel for data analysis. 

Results

Descriptive Statistics 
The results of our study indicated that the 
minimum radon contamination level was 
360 pCi/L (well #10), the maximum level 
was 214,500 pCi/L (well #2), and the mean 
radon contamination level was 15,776 pCi/L 
(N = 27, SD = 41,565.94) (Table 1). 

All wells (100%) had radon contamina-
tion greater than the U.S. EPA MCL of 300 
pCi/L as well as the average level found in 
the local municipal drinking water system of 
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5.8 pCi/L. The sample maximum of our study 
(well #2) was 715 times greater than the U.S. 
EPA MCL and 36,983 times greater than the 
average level found in the local municipal 
drinking water system. Furthermore, the 
mean radon contamination level of the study 
population (15,776 pCi/L) was found to be 
53 times greater than the U.S. EPA MCL and 
2,720 times greater than the mean level found 
in the local municipal drinking water system. 

With regard to the U.S. EPA AMCL of 4,000 
pCi/L, 37% of the wells in our study were in 
excess of this standard. The sample maxi-
mum (214,500 pCi/L) was 54 times greater 
than the U.S. EPA AMCL and the population 
average of 15,776 pCi/L indicated a level four 
times greater than the U.S. EPA AMCL. The 
results of the water sample analysis can be 
seen in Table 2.  

Alternative Results (Exclusion  
of Outlier) 
Because well #2 (214,500 pCi/L) was sig-
nificantly greater than all other water qual-
ity results and acted as an extreme value and 
significant outlier affecting the sample aver-
age and further statistical analyses in our 
study, data analysis also included its exclu-
sion (further referred to as the “alternative”) 
to provide a more comprehensive analysis of 
the data. With the removal of well #2, the 
alternative maximum level was 46,000 pCi/L. 
The results also indicated an alternative mean 
level of 8,132 pCi/L. In this case, the alter-
native maximum of 46,000 pCi/L (well #3) 
was still 153 times greater than the U.S. EPA 
MCL level and still 7,931 times greater than 
the average level found in the local municipal 
drinking water system. Also, the alternative 
mean level (n = 26) was found to be 27 times 
greater than the U.S. EPA MCL and 1,402 
times greater than the mean level found in 
the local municipal drinking water system. 

With regard to the U.S. EPA AMCL of 
4,000 pCi/L, the alternative sample maxi-
mum (46,000 pCi/L) was shown to be 11.5 
times greater than the U.S. EPA AMCL and 
the alternative mean (8,132 pCi/L) indicated 
a level twice that of the U.S. EPA AMCL. 

Analytic Statistics
Because the data did not meet the assump-
tion of normality, a one sample Wilcoxon 
signed rank test using SPSS was performed 
to examine the relationship between the 

radon levels in the study population and 
that of the study standards to determine if 
the observed differences had statistical sig-
nificance. The one sample Wilcoxon signed 
rank test found statistical significance when 
compared to the U.S. EPA MCL and when 
compared to the level found in the local 
municipal drinking water system. The 
results of the test indicated that with a sam-
ple size of 27, a mean of 15,776.56 pCi/L, 

and median of 2,600 pCi/L, this test was sig-
nificant at p < .001 for both standards. 

With regard to the U.S. EPA AMCL, the test 
was found not to be statically significant. The 
results of the one sample Wilcoxon signed 
rank test indicated that with a sample size of 
27, a mean of 15,776.56 pCi/L, and a median 
of 2,600 pCi/L, this test was not significant 
at p = .701. This indicates that the difference 
between the study population and the U.S. 

Descriptive Statistics Table of Water Sample Data (N = 27)

Measure # Minimum Maximum Mean Median SD

Value 27 360 214500 15775.56 2600 41565.940

Water Sampling Results (N = 27)

Well # Radon (pCi/La) Uranium (ug/L) Radium (pCi/L)

1 35400 12 3.8
2 214500 100 16
3 46000 15 18
4 17700 12 28
5 2500 6.4 0.2
6 1820 11 0.4
7 2120 10 0.6
8 38600 25 6.1
9 13400 14 6.3

10 360 1.1 0.2
11 3570 4.8 2.1
12 880 6.6 0.6
13 5390 3.7 0.7
14 720 8.5 1.4
15 3130 0.7 0.0
16 2580 4.2 0.6
17 7750 10 6
18 2720 0.7 0.2
19 1770 19 0.6
20 8360 4.6 1.7
21 2600 10 0.3
22 2200 33 5.2
23 1200 5 0.4
24 6700 10 4.2
25 2010 1.4 1.2
26 1100 26 2.9
27 860 3 0.3

apCi/L  = picocuries per liter.

TABLE 1

TABLE 2
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EPA AMCL was not statically significant and 
that a larger sample size may be necessary to 
determine significance. 

Furthermore, the one sample Wilcoxon 
signed rank test was also performed with the 
removal of well #2 (n = 26); however, the sig-
nificance did not change to any great extent 
for the three standards.  

Uranium and Radium  
(Quality Control) 
Because no well was found to have uranium 
or radium levels in excess of the radon con-
tamination levels found in our study, litera-
ture indicates that the increased radon levels 
were most likely not caused by a positive bias 
in the sample analysis procedure influenced 
by the uranium or radium radionuclides 
(Clescerl et al., 1999). It is important to note, 
however, that several wells were found to be 
in excess of the U.S. EPA MCL for radium (5 
pCi/L) and the MCL for uranium (30 ug/L). 

The results show that only well #2 had a 
level of uranium greater than the U.S. EPA 
MCL with a measurement of 100 ug/L, which 
is 3.3 times the acceptable level for drinking 
water (Table 2). 

With regard to radium levels, six wells 
(22%) were found to be in excess of the U.S. 
EPA MCL of 5 pCi/L. In this case, well #4 
had a level of 28 pCi/L, which is 5.6 times 
the acceptable drinking water standard; well 
#3 had a level of 18 pCi/L, which is 3.6 times 
the acceptable drinking water standard; and 
well #2 had a level of 16 pCi/L, which is 3.2 
times the acceptable drinking water standard. 
Other wells in excess of the MCL were well 

#9 with 6.3 pCi/L, well #8 with 6.1 pCi/L, 
and well #22 with 5.2 pCi/L (Table 3). 

Discussion 
Our study did discover significant radon-con-
taminated drinking water from private wells 
within this rural Colorado mountain com-
munity. The results provide evidence of the 
increased risk of radiation exposure from pri-
vate well water sources, which may in turn lead 
to the increased risk of developing subsequent 
health effects such as cancer. Also, the results 
were found to be in support of the reviewed lit-
erature, indicating that individuals who obtain 
their drinking water from private wells have a 
significantly increased risk of radon exposure 
than those who obtain their drinking water 
from a local municipal drinking water system 
(Al-Zoughool & Krewski, 2009; Catelinois et 
al., 2006; Mose, Mushrush, & Simoni, 2001; 
NRC, 1999b; Pachocki et al., 2002; Senior, 
1998; Villalba et al., 2005). It is important to 
note, however, that this study population may 
have a unique geographical profile and be 
located in an area suspected to have elevated 
levels of underground uranium and radon. This 
is a U.S. EPA radon zone 1 area. 

Comparison to the Local Municipal 
Drinking Water System 
It has been reported that radon concentrations 
in surface water tend to be relatively low and 
usually measure less than 110 pCi/L, while 
groundwater concentrations are usually much 
higher (Al-Zoughool & Krewski, 2009). Our 
study supports the literature indicating the 
mean radon level found in the local municipal 

drinking water to be only 5.8 pCi/L (obtained 
from a surface water source) while the mean 
level found in the study population (ground-
water from private wells) was 15,776 pCi/L, 
with an alternative mean of 8,132 pCi/L, and 
with a maximum level observed at 214,500 
pCi/L. In a study conducted by Hess and co-
authors (1985), it was found that private well 
water supplies in the U.S. were as much as 
3–20 times higher in radon concentrations 
compared to public drinking water systems. 
In our study, however, it was determined that 
the mean level of 15,776 pCi/L was 2,720 
times greater than the mean level found in the 
local municipal drinking water system and the 
alternative mean was still 1,402 times greater. 

Comparison to Other Well  
Water Studies 
In comparing the results of our study to oth-
ers found in the reviewed literature, our study 
population has much greater radon con-
tamination levels. A study by Senior (1998) 
examined 665 samples taken from 534 wells 
in Pennsylvania and reported a mean con-
centration of 1,400 pCi/L, with the highest 
concentration measured at 53,000 pCi/L. 
Similarly, a study conducted by the U.S. Geo-
logical Survey sampled water from 160 wells 
in Pennsylvania and found radon levels up 
to 32,000 pCi/L with a mean of 2,400 pCi/L 
(Senior & Vogel, 1995). 

In more modest sampling studies that may 
be more comparable to this study, Abdallah 
and co-authors (2007) observed that in 20 
wells tested in Lebanon, a mean level of 308 
pCi/L was found with a sample maximum of 
1,339 pCi/L. Yalim and co-authors (2007) 
sampled 10 wells in Turkey and found radon 
levels between 11 and 778 pCi/L, while Silva 
and co-authors (2000) studied 97 wells in 
Brazil and obtained a radon level range of 
143 to 2,560 pCi/L with a mean level of 756 
pCi/L. Also, Walia and co-authors (2003) 
reported that samples from 38 wells in India 
had a radon range of 8 to 21,384 pCi/L with a 
minimal average of 103 pCi/L. 

Overall, in comparison to the reviewed 
literature, the results of our study indicate a 
much greater sample mean (15,776 pCi/L), 
alterative mean (8,132 pCi/L), and a much 
greater sample maximum (214,500 pCi/L). In 
fact, our study found that 15% of the samples 
were greater than 30,000 pCi/L (Figure 1). 
Overall, our study yields the highest levels 

Wells With Levels in Excess of the U.S. Environmental Protection 
Agency Maximum Contaminant Level (U.S. EPA MCL) for Radium  
(N = 27)

Well # Radium (pCi/La) U.S. EPA MCL (pCi/L)

4 28 5
3 18 5
2 16 5
9 6.3 5
8 6.1 5

22 5.2 5

apCi/L = picocuries per liter.

TABLE 3
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of radon contaminated well water from the 
reviewed literature and therefore suggests a 
unique contamination profile in need of envi-
ronmental mitigation. 

Potential Health Risks 
Because radon is completely soluble in water, 
high concentrations of radon can accumulate 
in well water and pose a potential health risk 
for people who use this water as a drinking 
source (Al-Zoughool & Krewski, 2009; Coth-
ern & Rebers, 1990; Cothern & Smith, 1987; 
Graves, 1987; NRC, 1999a; Senior, 1998). In a 
study conducted by Kendall and Smith (2002), 
it was estimated that 90% of the ingested dose 
of radon is delivered directly to the stomach 
tissue. In relation to the literature, the results 
of this study would then suggest that from the 
sample mean of 15,776 pCi/L, this study pop-
ulation would experience on average a 14,198 
pCi/L dose of radiation delivered directly to 
the stomach tissue, and with the alternative 
mean, a 7,319 pCi/L dose. 

Also noted in the literature, radon-contam-
inated water used for drinking and domestic 
purposes can contribute to the added indoor 
air radon concentrations within the home 
(Collman et al., 1991; Cothern & Smith, 
1987; Graves, 1987; NRC, 1999a; Prichard, 
1987). It has been estimated that in North 
America, it can be assumed that an increment 
of 1 pCi/L of radon gas will be released into 
the air for every 10,000 pCi/L measured in 
water (U.S. EPA recommends a level below 4 
pCi/L in air) (Collman et al., 1991; Cothern 
& Smith, 1987; NRC, 1999a, 1999b; Prich-
ard, 1987; U.S. EPA, 2011a). In comparing the 
current study results to literature, it can then 
be assumed that from the average radon level 
found in this rural Colorado mountain com-
munity (15,776 pCi/L), study residents could 
see on average a 1.6 pCi/L rise in indoor radon 
concentrations, and a 0.81 rise when com-
pared to the alternative mean (8,132 pCi/L). 
In comparison to the sample maximum of this 
study (214,500 pCi/L), this would then con-
tribute to a 21 pCi/L increase of radon within 
the home, which would immediately place the 
home at more than five times the U.S. EPA–
recommended radon action limit of 4 pCi/L. 
In examining the second highest radon level 
in this study at 46,000 pCi/L, this would still 
place the home immediately over the U.S. 
EPA–recommended radon action limit of 4 
pCi/L with an indoor air level of 4.6 pCi/L. 

Remediation Recommendations 
In relation to the study data and reviewed 
literature, it would be recommended that 
residents of this community establish radon 
water mitigation safeguards to bring their 
radon levels below the MCL of 300 pCi/L 
to protect themselves from the future added 
effects of excess radiation exposure (NRC, 
1999a, 1999b; U.S. EPA, 2011c). If levels 
cannot be mitigated below this level, it would 
then be recommended that the homeown-
ers seek an alternative drinking water source 
(NRC, 1999b). Mitigation of radon-contami-
nated water is typically completed in one of 
two ways. The most commonly used method 
is aeration devices that are installed before 
the water is distributed to the faucets. These 
devices bubble air through the water to agitate 
and release the radon, which is then collected 
and carried out into the atmosphere through 
an exhaust fan and pipe (NRC, 1999a, 1999b; 
U.S. EPA, 2011c). The other method, which 
is less commonly used, is a granular-activated 
carbon filter installed to remove radon from 
the water. These filters tend to cost less than 
aeration devices; however, as radon collects 
on the filter, it can become radioactive, prov-
ing difficult to safely and legally dispose of 
(NRC, 1999a, 1999b; U.S. EPA, 2011c). 

Conclusion 
In conclusion, our study offers value in begin-
ning to understand the implications and pres-
ence of radon-contaminated drinking water 
in private wells. It adds substantial evidence 
to the reviewed literature suggesting that 
radon-contaminated drinking water from pri-
vate wells is a significant public health issue 
and that residents who use private wells may 
be at an increased risk for radiation exposure 
and future cancer development (Al-Zoughool 
& Krewski, 2009; Catelinois et al., 2006; 
Mose et al., 2001; Pachocki et al., 2002; Vil-
lalba et al., 2005). 
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Introduction
Protecting the environment is increas-
ingly recognized as a centerpiece of pub-
lic health in the U.S. and around the world 
(McMichael, Butler, & Folke, 2003). Envi-
ronmental resources such as soil, water, air, 
and biodiversity provide the building blocks 
necessary for human health. As environmen-
tal consumption increases and consequences 
of climate change exacerbate, consensus is 
growing that public health action is needed 

to protect environmental resources neces-
sary for human health (Costello et al., 2009; 
McMichael, Butler, & Folke, 2003; McMi-
chael et al., 2003; Patz et al., 2000). 

Howard Frumkin, a past director of the 
National Center for Environmental Health/
Agency for Toxic Substances and Disease Reg-
istry at the Centers for Disease Control and 
Prevention and current dean of the School of 
Public Health at University of Washington, and 
Anthony McMichael wrote (2008), “Health 

professionals should motivate people toward 
both appropriate personal behaviors and col-
lective decisions that will protect health from 
the effects of climate change (p. 405).” This 
recent call for primary prevention action 
calls on health promoters to utilize behavior 
change theory and evidence to guide health 
behavior change efforts related to environ-
mental issues (Frumkin, Hess, Luber, Malilay, 
& McGeehin, 2008; Howze, Baldwin, & Keg-
ler, 2004; Largo-Wight, 2011). Environmental 
health efforts that involve changing human 
behavior should utilize health education and 
health promotion theories and approaches. 

“Environmental health promotion” is a 
term representing an emerging and needed 
collaboration between environmental health 
and health education and health promo-
tion. Environmental health promotion is 
the bridge between environmental health 
and health education (Howze et al., 2004); 
it is the application of preventative health 
approaches and behavior change theories to 
environmental problems. This collaboration 
enables two critical public health goals to be 
addressed—promoting the environment for 
the health of the public and protecting the 
environment for the health of the public. 
Promoting the environment involves culti-
vating and creating healthy places and com-
munities that foster health outcomes among 
residents. Protecting the environment 
involves both strategies for development 
and conservation that foster and protect the 
health of the environment and its residents. 
Thus, the promotion of “environmental” 

Abst ract  Recycling solid waste is an important primary 

prevention focus to protect environmental resources and human health. 
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efficacy of an intervention aimed to increase can and bottle recycling on a 
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health behaviors, such as recycling, to pro-
tect the environment and Earth’s resources 
necessary for human life and health are 
important (Largo-Wight, 2011).

Recycling and College Campuses
An environmental health behavior that needs 
immediate attention is recycling solid waste 
(Castro, Garrido, Reis, & Menezes, 2009). 
Recycling solid waste protects the environ-
ment and natural resources and therefore 
protects and promotes the health of the pub-
lic (Frumkin, Hess, Luber, Malilay, & McGee-
hin, 2008). Recycling is healthful in that it 
reduces the emissions related to waste dis-
posal, reduces the need to harvest raw mate-
rial for production of new goods, and reduces 
energy consumption related to production of 
new materials (Lansana, 1992; U.S. Environ-
mental Protection Agency [U.S. EPA], 2013). 
For example, Americans recycled about 33% 
of total municipal solid waste in 2009, which 
is equivalent to saving almost 225 million 
barrels of oil (U.S. EPA, 2009). Despite the 
healthier land, air, and water-related benefits 
of waste recycling, recycling behavior still 
needs public health attention. Approximately 
90% of the waste generated in the U.S. could 
be recycled, but Americans are recycling 
only about 30% of their trash (Castro et al., 
2009). In a call to action, Healthy People 2020: 
Improving the Health of Americans prioritized 
the need to increase recycling in the U.S. over 
the next 10 years. Objective EH-12 aimed to 
increase municipal waste recycling behavior 
by 10% (Office of Disease Prevention and 
Health Promotion, 2011). 

Schools and college campuses represent 
a recycling intervention priority worldwide 
because of the potential for colleges and uni-
versities to contribute to a community’s waste 
stream and impact environmental-related 
human health (American College Health 
Association, 2002; Ana et al., 2011; Creighton, 
1998; Largo-Wight, Bian, & Lange, 2012). In 
recognition of the impact colleges and univer-
sities have on their communities, most higher 
education campuses in the U.S. provide recy-
cling opportunities through the availability 
of basic recycling infrastructure on campus 
(Mason, Brooking, Oberender, Harford, & 
Horsley, 2003). Public universities’ recycling 
rates should be improved, however. Previ-
ous studies concluded that campus recycling 
rates are similar to the national household 

and municipal recycling statistics in the U.S.; 
only about one-third of recyclable waste is 
diverted from the landfills and recovered for 
recycling (Chase, Dominick, Trepal, Bailey, & 
Friedman, 2009). Intervention studies have 
shown that campus recycling can be increased 
with effective campaigns. Previous findings 
have shown that multifaceted campaigns that 
involved increasing recycling convenience 
along with various education, awareness, and 
communication strategies increased recycling 
on campus (e.g., Chase et al., 2009).

Behavior Change Theory
Health behavior theories are used to guide 
evidenced-based behavior change programs. 
Theories are practical tools, based on aggre-
gate behavioral research findings, that target 
the determinants of behavior change to guide 
study and primary prevention intervention 
(Glanz, Rimer, & Lewis, 2002). The Theory 
of Reasoned Action and Planned Behavior 
(TPB) is commonly used to study recycling 
behavior (Valle, Rebelo, Reis, & Menezes, 
2005). TPB assumes that behavioral intention, 
one’s commitment to act, is the strongest 
predictor of behavior. Perceived behavioral 
control, attitude toward behavior, and subjec-
tive norm are the theory’s direct constructs 
that inform behavioral intention. Programs 
and interventions that are guided by TPB 
should involve enhancing the theory’s con-
structs in order to facilitate behavioral inten-
tion and ultimately behavior change (Glanz 
et al., 2002). Essentially, health promoters 
using TPB to guide behavior change pro-
grams should strive for participants to assess 
the desired behavior as good (attitude toward 
behavior), cool (subjective norm), and easy 
(perceived behavioral control). 

Cross-sectional findings suggest that one of 
TPB’s constructs, perceived behavioral control, 
was a particularly strong predictor of recy-
cling behavior (Chase et al., 2009; Chu & 
Chui, 2003; Kelly, Mason, Leiss, & Ganesh, 
2006; Largo-Wight et al., 2012; Terry, Hogg, 
& White, 1999; Valle et al., 2005). In fact, 
perceived behavioral control was the single 
strongest predictor of recycling intention 
across several studies (Chase et al., 2009; 
Chu & Chui, 2003; Kelly et al., 2006; Terry et 
al., 1999). TPB’s perceived behavioral control 
to recycle is similar to what some researchers 
call “situational factors” or “external facilita-
tors” to recycle, which have also been shown 

to be an important predictor of recycling 
behavior (Hornick, Cherian, Madansky, & 
Narayana, 1995; Shultz, 2002; Stern, 2000). 

Based on TPB’s assumptions, perceived 
behavioral control is comprised of “self-effi-
cacy” and “external factors” that influence 
the adoption of a health behavior. Thus, a 
behavior change program aimed to increase 
recycling based on TPB’s perceived behav-
ioral control construct should enhance self-
efficacy or one’s confidence in his/her ability 
to recycle and/or external or situational fac-
tors to recycle (convenience of receptacles on 
campus) (Glanz et al., 2002; National Cancer 
Institute [NCI], 2005; Valle et al., 2005). 

Purpose
In our pilot study, we developed and tested 
an intervention program aimed to increase 
perceived behavioral control to recycle and 
ultimately recycling behavior through exter-
nal factors only. We developed and tested an 
intervention program aimed to increase the 
convenience of recycling receptacles on a 
university campus. Specifically, we tested the 
efficacy of a can and bottle recycling inter-
vention aimed to increase external factors of 
perceived behavioral control and ultimately 
recycling behavior as measured by recycling 
volume by adding more convenient and easy 
opportunities to recycle. 

Methods

Design and Intervention
Our quasi-experimental pilot field study took 
place at a large southeastern university over 
eight-weeks. The study was designed to test 
the efficacy of a can and bottle recycling inter-
vention on a college campus. This community-
based participatory research (CBPR) study 
involved academic and community partners 
who collaborated to design the study and col-
lect the data (Braun et al., 2012; Wallerstein & 
Duran, 2010). University custodial, grounds, 
and administrative staff as well as student vol-
unteers participated in the study’s conception, 
implementation, and data collections. 

Three campus buildings were used in 
our study: two treatment buildings and one 
control building. The control building was 
a classroom building that maintained the 
university’s standard recycling program. The 
university’s standard can and bottle recycling 
program consisted of the presence and main-
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tenance of outdoor recycling receptacles for 
cans and bottles. The outdoor recycling re-
ceptacles were large and located near the en-
trance of campus buildings. No indoor recy-
cling receptacles were in the control building 
or on campus.

The two treatment buildings were of simi-
lar square footage to the control building. 
One treatment building was an administra-
tive building that housed office and admin-
istrative staff. The other treatment building 
was a classroom building, like the control 
building, that had classrooms utilized for 
course meetings daily. The treatment build-
ings, like the control building, also had the 
university’s standard outdoor recycling re-
ceptacles as well as our study’s recycling in-
tervention, the addition of indoor recycling 
receptacles for can and bottle recycling. The 
indoor recycling receptacles were married 
with the existing trash cans in each class-
room, hallway, and office. The intervention 
consisted of the addition of indoor recepta-
cles only; no education or promotion efforts 
were conducted. 

For the entirety of the eight week study, 
the control building offered only one recy-
cling option: outdoor recycling receptacles. 
In the treatment buildings, the recycling op-
tions varied. During the first four weeks of 
the study, only outdoor recycling receptacles 
were available in the two treatment buildings. 
This four week period was used to establish 
baseline data. During the second four weeks 
of the study, both indoor and outdoor recy-
cling receptacles were available in the two 
treatment buildings. 

Data Collections 
Data collections involved measuring the can 
and bottle recyclable volume from the study’s 
campus buildings for eight weeks. The unit 
of analysis was the buildings rather than 
the individual. No human participants were 
involved in our study.

Data were collected from the treatment 
buildings’ outdoor receptacles for eight 
weeks total. Treatment buildings’ outdoor 
data were collected for four weeks during the 
baseline data collection period and for four 
weeks during the treatment condition period. 
The treatment buildings’ indoor data were 
also collected during the treatment condition 
period. Data were collected from the control 
building’s outdoor receptacle for four weeks 

total: two weeks during the baseline data 
collection period and two weeks during the 
treatment condition period (Table 1).

Outdoor recycling data were measured by 
university grounds staff. When collecting the 
recyclables from the outdoor receptacles, the 
grounds staff indicated the receptacle’s full-
ness of cans and bottles as a percentage. The 
grounds staff completed the “recycling data 
form” by choosing one of four ordinal op-
tions to best represent the receptacle’s can 
and bottle volume. The data form measured 
the weekly volume with short ordinal scales 
with natural order categories or ordered lev-
els. The form’s natural order or categories 
or levels were 0%–25% full, 26%–50% full, 
51%–75% full, and 76%–100% full. Addi-
tional natural order categories of fullness 
were added during data analysis to normalize 
the data to represent total volume by week. 
The natural order percentage form options 
were converted to ordinal numbers for data 
analysis (Table 1).

The intervention data collections were col-
lected by an administrative staff and trained 
students. The indoor recycling receptacles 
were smaller than the outdoor receptacles. To 
maintain consistent data collection methods, 
the contents from indoor receptacles were 
transferred into a bag used in the outdoor re-
ceptacles prior to volume estimation. 

Results
The normalized data are presented in Table 2. 
When indoor recycling opportunities were 
made available, total recycling volume 
increased in the treatment classroom and 
administrative buildings by 65% and 250%, 
respectively. An independent samples t-test 
revealed that the total building recycling 
volume significantly increased in both of 
the treatment buildings and did not change 

in the control building. The recycling vol-
ume in the treatment classroom building (t 
= -2.9, p < .05) and treatment administrative 
building (t = -12.4, p < .001) had a signifi-
cant increase in recycling from the baseline 
to the posttest. No significant increase in 
recycling volume in the control building 
occurred (t = -.13, p = .91). 

Discussion 
The findings from our pilot field interven-
tion study support previous cross-sectional 
findings on the importance of TPB’s perceived 
behavioral control construct for increasing 
recycling behavior (Chase et al., 2009; Chu 
& Chui, 2003; Kelly et al., 2006; Largo-
Wight et al., 2012; Terry et al., 1999; Valle 
et al., 2005). In our study, the increase in the 
external factor to recycle—added recycling 
bins for behavioral ease and convenience—
resulted in significant increases in can and 
bottle recycling behavior in both treatment 
buildings compared to the control building. 

Prior to our study, a concern was that add-
ing receptacles would result in a less efficient 
recycling program. The concern was that add-
ing recycling receptacles without education 
or promotion would not increase recycling 
behavior, but instead would result in a dis-
tribution of the recycling volume among the 
many receptacles, adding to university staff 
workload. This did not happen. The findings 
of our pilot study demonstrate that the vol-
ume of recycling significantly increased as 
a result of the increase of receptacles alone. 
And the increase was dramatic: the total vol-
ume increased by 130% when indoor recy-
cling receptacles were made available. 

Our intervention study had many strengths. 
Our study was grounded in the emerging 
field of environmental health promotion and 
guided by behavior change theory with impor-

Ordinal Recycling Volume Measurement 

Measurement Recycling Data Form

Ordinal data 1 2 3 4 5 6 7 8
Capacity full 0%–

25%
26%–
50%

51%–
75%

76%–
100%

101%–
125%

126%–
150%

151%–
175%

176%–
200%

Note. Italicized ordinal 5–8 were used by the researchers to normalize weekly data when a receptacle needed to be 
emptied twice in a week. 

TABLE 1
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tant public health application (Frumkin & 
McMichael, 2008; Largo-Wight, 2011). Our 
study effectively utilized social and behav-
ioral public health theories and approaches 
to address a critical environmental need. In 
addition, the intervention was simple and 
practical. Simply adding convenient recycling 
receptacles, without education or promo-
tional efforts, dramatically increased recycling 
behavior and volume. Evidenced-based sim-
ple and practical solutions are public health’s 
“best buys” (Brownson, Fielding, & Maylahn, 
2009; Hawe, Shiell, & Riley, 2004). This pilot 
study identified a “best buy” for increasing 
recycling behavior—add receptacles to make 
recycling easy and convenient. Based on the 
findings of this field study and past cross-
sectional findings, environmental heath pro-
moters should strive to make recycling con-
venient and easy first and this should be the 
priority over other more complex behavioral 
and educational strategies. 

Limitations and Future Research
The primary limitation of our pilot study was 
the lack of experimental control as a result 
of the CBPR approach. In this study, like 
all CBPR studies, academic and community 
partners collaborated to design the study and 
collect the data (Braun et al., 2012; Waller-
stein & Duran, 2010). In our study, grounds 
staff measured outdoor recycling volume 
during routine waste disposal. Recording the 
recycling volume for our study was added 
workload for the staff and required collabo-
ration, approval, and flexibility from both 
partners. Although the lack of experimen-
tal control during the data collections is a 

noted weakness, the CBPR approach is also 
a strength of this study. In fact, CBPR field 
design and community partner involvement 
bridge research and practice and enhance the 
relevance of the findings to best inform pol-
icy and decision making (Braun et al., 2012; 
Wallerstein & Duran, 2010).

A second and related weakness was the 
level of measurement. The data collected in 
this study were ordinal as opposed to con-
tinuous. A data collection form was used to 
measure ordinal level data with short order 
natural form categories or ordered levels 
(ordered percentage full). In this study, the 
level of data is a minor limitation because 
the data collection methods were the most 
precise measure of the data (Agresti, 1996; 
Shavelson, 1996) given the CBPR design. 
In addition, ordinal and even lower-order 
dichotomous data are common in health-
related research studies. In fact, many times 
continuous data are effectively dicotomi-
tized into categorical or ordinal data for ease 
of data collection (Agresti, 2010) in CBPR 
health research (e.g., Chobanian et al., 2003), 
as was done in our study.

If feasible, future replication studies should 
collect continuous data by counting recycled 
items. This would provide continuous data 
and account for the size of recycled cans 
and bottles and crushed items. If such data 
collections prove infeasible due to the enor-
mous effort and labor that would be needed, 
however, future researchers should consider 
height-volume estimations, similar to the data 
collection form used in our study, with the 
noted confidence in ordinal data with ordered 
levels (Agresti, 2010). And because of the 

dramatic increase in recycling volume (65%–
265%) in our study, it may be less practically 
important for replication studies to invest in 
counting items as these precise data collec-
tion methods may not significantly add to 
evidenced-based practice recommendations.

Future field studies may also assess the 
efficacy of additional conditions, such as 
educational and social marketing, moral obli-
gation, social norms, and pro-environmental 
self- identity (e.g., Largo-Wight et al., 2012), 
to examine the potential benefit, if any, of the 
additional program investment. Community 
and other settings should also be included in 
future research. 

Conclusion
Our study focused on promoting recycling 
behavior in a high-impact waste setting, 
college campuses (Creighton, 1998; Largo-
Wight et al., 2012). Our study’s intervention 
aimed at increasing perceived behavioral con-
trol to recycle, a theory-based, strong predic-
tor of recycling in previous studies (Chase 
et al., 2009; Chu & Chui, 2003; Kelly et al., 
2006; Largo-Wight et al., 2012; Terry et al., 
1999; Valle et al., 2005) among university stu-
dents and staff. The findings of this pilot sug-
gest that simply pairing recycling receptacles 
with garbage cans within treatment buildings 
resulted in a dramatic increase in recycling 
volume (65%–265%) over the eight week 
study. This may represent a public health 
“best-buy” in that the solution was practical 
and cost-effective with a huge environmen-
tal health return on investment (Brownson et 
al., 2009; Hawe et al., 2004). Environmental 
heath promoters should prioritize efforts to 
make recycling easy and convenient above 
other efforts such as education, health com-
munication, or promotion campaigns. 
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Normalized Ordinal Recycling Volume

Buildings Baseline Period Treatment Period

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Treatment 
Administration

1.8 2.8 2.8 3.1 1.5
7.0i

3.5
7.0i

3.0
6.0i

2.8
6.0i

Treatment 
Classroom

7.0 5.6 4.2 3.0 4.0
7.0i

3.1
4.0i

3.1
3.0i

5.6
3.0i

Control  
Classroom

– 3.0 3.0 – – 3.0 – 3.0

Note. Bold denotes outdoor data; i = indoor data and treatment condition.

TABLE 2
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Introduction
Xuanwei and Fuyuan (E 103°35′30″–
104°49′48″, N 25°02′38″–26°44′50″) cover 
around 9,300 km2 in Yunnan province in 
southwest China. Xuanwei, with a population 

of more than 1.4 million people, was found to 
have unusually high female lung cancer inci-
dence, i.e., eight times the national average for 
women. It has a lung cancer incidence four 
times higher than the national average for men 

as well (Mumford, He, & Chapman, 1987). 
Lung cancer incidence in Fuyuan, which is 
adjacent to Xuanwei with a population of more 
than 700,000 people, is also among the highest 
in the world (Lu, Ding, & Li, 2003) (Figure 
1). Indoor polycyclic aromatic hydrocarbon 
emission generated by burning smoky coals 
in unvented households (Figure 2) has been 
considered the most important cause of the 
unusual incidence, while other possible car-
cinogens, e.g., specific trace metals and radon 
in Xuanwei and Fuyuan, have not been empha-
sized enough. Their pollution levels, distribu-
tion in different communities, and relation to 
lung cancer have not been studied before.

Many trace metals and metallic compounds 
are harmful to humans. The International 
Agency for Research on Cancer (IARC) has 
classified arsenic and arsenic compounds, 
cadmium and cadmium compounds, hexava-
lent chromium, and nickel compounds into 
Group 1 (carcinogenic to humans); inorganic 
lead compounds into Group 2A (probably 
carcinogenic to humans); and many other 
metals into Group 2B (possibly carcinogenic 
to humans) (IARC, 2006). Trace metals in 
water and soil can be accumulated in the 
human body via the food chain and then dis-
tributed to many organs, e.g., liver, kidneys, 
and lungs by the circulation system, and 
impact these organs negatively. Trace met-
als in soil are a significant source of those in 

Abst ract  Xuanwei and Fuyuan, two counties located in 

southwest China, are areas with known high lung cancer incidence. Pollution 

relative to coal combustion, especially serious air pollution generated by 

burning smoky coals in unvented households, has been thought to be the most 

predominant cause. Possible inorganic carcinogenic matter including radon 

in air and arsenic, lead, chromium, cadmium, nickel, and beryllium in water, 

soil, and coal were sampled and examined to find the current pollution status, 

distributions, characteristics, and relationships to the lung cancer incidence. 

The concentrations of mercury in air of Xuanwei and Fuyuan ranged from 1.7 

to 205.3 ng/m3 (indoor), 1.3 to 7.5 ng/m3 (ambient). No radon concentration 

exceeded the World Health Organization standard. Results indicated that 

household stove improvement by changing stoves from unvented to vented 

obviously alleviated the indoor air pollution of carcinogenic metals. Most 

of the carcinogenic metals were also found at very low levels in water and 

soil, which therefore had little influence on human health. Concentrations 

of these elements at different sites did not vary in any relation to lung cancer 

incidence. The study described in this article added basic data; the results 

of the authors’ study will be helpful in determining pollution status and to 

future studies on the etiology of lung cancer.

Investigation of Radon and Heavy 
Metals in Xuanwei and Fuyuan, 
High Lung Cancer Incidence  
Areas in China

5 tables, 2 figures
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air particles, which can be easily transported 
deep into the respiratory system and become 
an important cause of lung cancer. 

Radon was classified as a Group 1 carcino-
gen (carcinogenic to humans) in 1987 (IARC, 
2006). The isotope 222radon in the atmosphere 
decays into 218polonium and 214polonium that 
can emit radioactive α-rays, damage people’s 
respiratory epithelia, and finally lead to lung 
cancer (Henderson, 1989). Li and co-authors 
also reported the incidences in Fuyuan were 
remarkably correlated with the types of local 
coal used (Li, Tang, & Yin, 2004). The dif-
ference in composition of coal in the two 

communities might be an important cause of 
different lung cancer incidence. Considering 
the high lung cancer incidence in Xuanwei 
and Fuyuan, a survey on radon levels in air 
and hazardous metal concentrations in soil, 
water, and coal was performed in our study. 
Our study will be helpful for a future detailed 
environmental survey and in exploring the 
relationship of these substances to lung can-
cer. To the best of our knowledge, no previ-
ous studies have determined the concentra-
tions and distributions of these substances 
except radon in air in Xuanwei by Deng and 
co-authors (2001).

Methods
Water and soil samples at 25 sites were 
collected. Most sites were chosen in com-
munities with high lung cancer incidence 
to evaluate the current situation of hazard-
ous elements pollution as shown in Figure 
1 and the previous study in our lab (Lü et 
al., 2009). Wude and Diandong, which have 
the lowest lung cancer incidence and where 
wood is used as fuel and no industrial pol-
lution sources are nearby, were chosen as 
reference sites in Xuanwei and Fuyuan, 
respectively. Sites of radon and mercury 
in indoor and outdoor air are listed in 
Table 1. Sites of coal samples were located 
according to He and co-authors (2012). A 
total of 18 and 14 coal samples were col-
lected in Xuanwei and Fuyuan, respec-
tively, which represented all four and six 
coal types, eight and seven main mining 
regions, and were supplied as main fuel for 
14 and 9 communes in the two counties, 
respectively. Well water is the main drink-
ing water source for the local residents, so 
all the water samples were collected from 
wells except Kuaize River. About 1-L water 
samples were collected using polyethylene 
(PE) bottles at the surface (0–20 cm) and 
stored in darkness before transporting and 
frozen in laboratory. Soil samples (0–10 
cm soil layer) were collected from differ-
ent locations. Each soil sample (about 2 kg) 
collected with a stainless steel scoop was 
composed of 20–30 soil samples at different 
locations in an area of about 10 m x 10 m. 
Samples were packed in PE bags and trans-
ported to the laboratory where they were air 
dried at room temperature, ground, sieved 
through a 2 mm sieve, and stored at -20ºC 
before analysis. Coal samples were all col-
lected directly from mines according to the 
local lifestyle except for Ayicun, a site with 
very high lung cancer incidence, where coal 
samples were collected from local farmers’ 
homes. About 5 kg of coal composed of 
samples the size of 1–30 cm3 were collected 
in PE bags, transported to the laboratory, 
ground until all passed through a 75-μm 
sieve, and prepared for use.

Radon in air was monitored by RCM-2 
online radon analyzer. Mercury in air was 
monitored by Lumex RA-915+. Both ele-
ments were monitored for two or three hours, 
and we acquired the hourly average concen-
tration. RCM-2 online radon analyzer could 

Sampling Sites

FIGURE 1
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monitor radon in air ranging from 1 to 9,999 
Bequerels per cubic meter (Bq/m3) with a 
detection limit of 0.7 cph/Bq/m3. The error 
should be less than 2% in a working period 
of 200 hours. The detection limit of mercury 
in air by Lumex RA-915+ was 0.3 ng/m3. The 
acquired data were averaged every hour.

Element analysis in water was carried 
out by direct injection to Agilent 7500 
inductively coupled plasma-mass spectrom-
etry (ICP-MS) after the water samples were 
passed through 0.45-μm filters. A pres-
sure bomb digestion in combination with 
ICP-MS method modified from Sun and 
co-authors (2001) was employed in the 
elemental analysis of soil and coal samples. 
Briefly, a 0.1-g sample was weighed into 
the polytetrafluoroethylene pressure bomb 
and then 1 mL nitric acid, 1 mL hydrogen 
chloride, and 1 mL hydrogen fluoride were 
added. The vessels were placed in heating 
block at 180°C for 10 hours. After cooling 
down to room temperature, the supernatant 
was poured out, drawn through a 0.45-μm 
filter, and diluted to 50 mL with deionized 
water for ICP-MS analysis. Mercury in oil 
and coal samples was measured by Braic 
AF-620 atomic fluorescence spectroscopy 
(AFS) instead of IPC-MS. The concentra-
tions of heavy metals were calculated by a 
five-point calibration curve with ICP-MS 
and AFS in which linearity of all target 
elements was higher than 0.99. Samples 
were measured three times. The data were 
considered acceptable when relative stan-
dard deviation was less than 20%. Chinese 
standard reference material coal fly ash 
(GBW08401) was employed to monitor the 
performance of the method. The recovery 
of mercury was 112.50% and the possible 
carcinogenic elements were chromium, 
77.91%; arsenic, 101.36%; cadmium, 
81.25%; and lead, 109.85%. 

Results and Discussion

Radon and Mercury
The Agency for Toxic Substances and Dis-
ease Registry (ATSDR) has set a minimum 
risk level for mercury in air at 200 ng/m3 as 
the level below which continuous residen-
tial exposure is not associated with detect-
able adverse effects. ATSDR also reported 
that the general range of values in the U.S. is 
2–10 ng/m3 (Agency for Toxic Substances 

Pit Types 

A, B, C, without chimney and the vented stoves popularly used now. D, with chimney.

FIGURE 2

Mercury and Radon in the Air in Xuanwei and Fuyuan

County Sites Mercury (ng/m3) Radon (Bq/m3) Lung Cancer Rate

Indoor Outdoor Indoor Outdoor

Xuanwei Urban area 205.3 NA 272.0 NA 184/100,000 
Dalishu 3.3 3.8 71.0 120.0 21/100,000 
Dalishu2 5.6 7.5 NA 82.0 21/100,000 
Xize NA 4.5 NA 134.0 7/100,000 
Laobao NA 4.4 NA 112.0 184/100,000 
Mujiatun NA 6.3 NA 192.0 107/100,000 
Hutou 2.5 4.3 96.0 94.0 107/100,000 
Longhua NA 2.3 NA 74.0 184/100,000 
Longhua2 NA 1.3 NA 86.0 184/100,000 

Fuyuan Housuo 1.5 5.3 32.0 58.0 98/100,000 
Xingyun NA 3.0 NA 95.0 98/100,000 
Waihousuo NA 3.6 NA 62.0 98/100,000 
Duole 30.1 4.0 NA 52.0 115/100,000 
Zhongan NA 3.5 NA 96.0 115/100,000 
Shenggp NA 3.4 NA 52.0 115/100,000 
Dahe 10.4 NA 141.0 NA 121/100,000 
Ayicun 2.7 2.3 49.0 186.0 59/100,000 
Dahe2 1.7 3.5 NA NA 121/100,000 

TABLE 1

A B

DC
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and Disease Registry [ATSDR], 1999). As 
seen in Table 1, the mercury concentra-
tion in indoor air of Xuanwei and Fuyuan 
ranged from 1.7 to 205.3 ng/m3. Among 
nine samples, only one (collected in Cheng-
guan, 205.3 ng/m3) exceeded the standard 
of ATSDR, which should be ascribed to pol-
lution from indoor decorations since no 
indoor coal combustion was observed there. 
Hutou, Housuo, and Ayicun, three villages 
with very high lung cancer incidence using 
smoky coal as the main fuel, had low levels 
of mercury concentration, which were 2.5, 
1.5, and 1.7 ng/m3, respectively. It seems that 
indoor coal combustion in the two counties 
had little relation to mercury pollution. Pre-
vious studies have suggested that mercury 
in coal should almost completely emit to 
the air when the temperature is higher than 
800°C, while the average combustion tem-
perature for the household fire pit is about 
900°C for bituminous coal in Xuanwei 

(Tian, 2005), at which almost all mercury 
in coal will evaporate to the air. Low mer-
cury concentration in indoor air could be 
attributed to household stove improvement 
in recent years, which changed unvented 
stoves to vented to discharge the smoke 
outside the house (Lan, Chapman, Sch-
reinemachers, Tian, & He, 2002). The same 
situation could occur in other carcinogenic 
metals. No obvious mercury pollution was 
observed in ambient air, either. Concentra-
tions of 16 samples ranged 1.3–7.5 ng/m3, 
which might be attributed to the rapid cool-
ing, condensing, and deposition of mercury 
on its emission from chimneys. 

The maximum indoor radon level recom-
mended by the World Health Organization 
(WHO) and U.S. Environmental Protection 
Agency (U.S. EPA) is 200 Bq/m3 and 150 
Bq/m3, respectively. Among six samples, 
only one exceeded the WHO or U.S. EPA 
standard, which was collected from a hotel 

in Chengguan with high lung cancer inci-
dence. Indoor decorations should account 
for the indoor radon pollution at this site. 
Detailed research had performed a more 
comprehensive survey and proven that 
indoor radon pollution had no significant 
relation to the incidence of lung cancer in 
Xuanwei and Fuyuan (Deng et al., 2001), 
so outdoor radon pollution was focused on 
in our study. Radon concentration varied 
greatly even within the same district. No 
radon pollution in ambient air in general 
was observed. Only concentrations at two of 
the total 15 sites exceeded the U.S. EPA stan-
dard and none exceeded the WHO standard. 
In some villages, e.g., Ayicun, radon concen-
tration and lung cancer rate were found very 
high simultaneously. Concentrations turned 
out to be relatively low, however, in some 
villages with known high lung cancer inci-
dence, e.g., Hutou, Xingyun, Duole. Wude, 
with the lowest rate in Xuanwei, was found 
with the second highest radon concentra-
tion. This result indicates that no significant 
relation existed between radon in ambient 
air and lung cancer. 

Elements in Water and Soil
Table 2 lists the distribution of several haz-
ardous elements relative to lung cancer in 
the water from Xuanwei and Fuyuan. Con-
centration of mercury in water ranged 0.07–
0.19 μg/L with average value 0.12 μg/L. 
Beryllium ranged 0.37–0.41 μg/L, 0.38 μg/L 
on average; chromium ranged 0.35–2.63 
μg/L, 0.89 μg/L on average; nickel ranged 
0–6.26 μg/L, 1.13 μg/L on average; arsenic 
ranged 0.19–1.36 μg/L, 0.46 μg/L on aver-
age; cadmium ranged 0.26–3.46 μg/L, 0.43 
μg/L on average; and lead ranged 0–1.27 
μg/L, 0.12 μg/L on average. WHO guide-
line values for mercury that are of health 
significance in drinking water are 6 μg/L; 
chromium, 50 μg/L; nickel, 70 μg/L; arsenic, 
10 μg/L; cadmium, 3 μg/L; lead, 10 μg/L; 
and beryllium has not been regulated yet 
(World Health Organization [WHO], 2004). 
Water samples from 24 sites were all drink-
ing water and the sample at Kuaize was from 
the largest river in Fuyuan. The concentra-
tions of these hazardous elements were less 
than the guidelines of WHO, which indi-
cated that all drinking water samples could 
be classified as having no significant influ-
ence on human health. The concentration of 

Elements in Water of Xuanwei and Fuyuan (µg/L)

Site Mercury Beryllium Chromium Nickel Arsenic Cadmium Lead

Kuaize 0.08 0.41 1.2 6.26 0.68 3.46 1.27
Diandong 0.09 0.37 0.68 1.15 0.32 0.26 0
Dalishu 0.14 0.37 0.68 0.1 0.29 0.26 0
Duole 0.19 0.37 0.73 0.6 0.98 0.28 0
Shenggp 0.12 0.37 0.44 0 0.22 0.27 0
Gala 0.19 0.37 1.06 1.17 0.35 0.28 0.05
Housuo 0.13 0.37 1.04 1.78 0.43 0.31 0
Hutou 0.11 0.37 1.13 4.77 0.59 0.47 0.47
Xutun 0.11 0.38 0.61 1.46 0.63 0.38 0.11
Longhua 0.11 0.37 0.78 0.92 0.95 0.42 0.28
Longjin 0.09 0.41 1.4 0.49 0.23 0.35 0
Laobao 0.13 0.37 0.58 0.16 0.31 0.31 0
Mafang 0.09 0.39 1.76 0.34 0.38 0.36 0
Laibin 0.11 0.37 1.21 1.66 0.54 0.31 0
Fucun 0.16 0.37 0.46 2.16 0.26 0.27 0
Sege 0.11 0.37 0.47 0.9 0.77 0.28 0
Shenjiach 0.14 0.37 2.63 0.32 0.33 0.32 0
Tianba 0.07 0.4 0.82 1.17 0.25 0.3 0
Ayicun 0.08 0.38 1 0.6 0.26 0.28 0
Xize 0.16 0.37 0.35 0 0.19 0.26 0
Waihousuo 0.14 0.37 0.38 0 0.24 0.26 0
Xincun 0.1 0.37 0.39 0.05 0.3 0.29 0
Xiabz 0.12 0.37 1.01 0.44 0.27 0.26 0
Yangchang 0.12 0.37 0.7 0.14 1.36 0.3 0.82
Daaozi 0.11 0.38 0.77 1.66 0.4 0.28 0

TABLE 2
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mercury, beryllium, cadmium, and lead var-
ied slightly among the samples at different 
sites. No significant relationship between 
all seven metal concentrations and the lung 
cancer incidence occurred.

Distribution of six elements in soil rela-
tive to cancer is illustrated in Table 3. The 
concentration ranges and principle com-
ponent analysis (PCA) are summarized in 
Table 4. The concentrations of beryllium 
and cadmium varied slightly at different 
sites, while arsenic, chromium, lead, and 
nickel varied greatly. They were all far less 
than the Chinese national standard for heavy 
metals in arable soil and had no significant 
influence on human health except cadmium 
(GB 15618, 1995). Cadmium was the only 
element that exceeded this standard. Four-
teen samples of 25 were slightly higher 
than 0.3 μg/g with the average value of 0.37 
μg/g. Cadmium was also proven to have no 
relation to local lung cancer, however. For 
example, in Ayicun and Hutou with known 
extremely high lung cancer incidence, cad-
mium concentration in soil was 0.19 and 
0.57 μg/g, respectively, while in Wude, the 
reference site in Xuanwei with the lowest 
lung cancer incidence, cadmium concentra-
tion was 0.31 μg/g. No positive or negative 
relationship between cadmium concentra-
tion and lung cancer rate was found at these 
three sites.

The results of the PCA indicated that these 
six metal concentrations could be reduced to 
two principle components, which accounted 
for 92.2% of the total variance for the data 
(Table 4). All six elements were well repre-
sented by two principle components. The 
first principle component (PC1) can explain 
72.9% of the total variance and the second 
(PC2) explained 17.3%. PC1 had significant 
correlations with beryllium, cadmium, lead, 
arsenic, and nickel. PC2 had a significant 
correlation with chromium. Beryllium, cad-
mium, lead, and arsenic were negatively cor-
related with PC2. Nickel and chromium were 
distributed in both PC1 and PC2. The load-
ing value of nickel in PC1 was much higher 
than in PC2 while chromium was just the 
reverse. This implies that some of the beryl-
lium, cadmium, lead, arsenic, and nickel in 
the soils may originate from similar pollution 
sources and chromium and nickel may have 
another similar source.

Elements in Coals
Mumford and He suggested an etiologic link 
between lung cancer incidence and domestic 
smoky (bituminous) coal burning (Mumford 
et al., 1987). The same trend was observed in 
Fuyuan. Six kinds of coal were in Fuyuan and 

lung cancer incidence varied greatly among 
the areas using different types of coal. From 
north to south, gas-fat coals, coking coals, 1/3 
coking coals, lean coals, meager coals, and 
anthracite coals were mined in large amount 
separately. From Figure 1 and He (He et al., 

Elements in Soil of Xuanwei and Fuyuan (μg/g)

Site Beryllium Chromium Arsenic Cadmium Lead Nickel

Yangchang 0.18 9.4 3.59 0.3 18.58 8.81
Mujiatun 0.19 14.41 1.65 0.46 4.9 10.79
Longhua 0.25 13.76 3.21 0.55 7.74 8.21
Sege 0.22 14.8 2.54 0.46 6.84 9.34
Seerchong 0.19 18.54 2.75 0.26 7.45 9.09
Duole 0.22 12.7 1.83 0.21 4.85 9.58
Xingyun 0.32 22.42 0.86 0.27 3.04 12.88
Ayicun 0.27 12.54 0.79 0.19 2.91 9.29
Gala 0.15 21.03 1.69 0.28 7.98 7.96
Longjin 0.2 13.92 3.81 0.48 24.27 7.86
Dawayao 0.32 17.17 2.54 0.32 7.42 10.17
Xincun 0.18 17.32 2.05 0.29 8.54 8.01
Dahe 0.24 18.89 1.3 0.25 4.19 9.84
Waihousuo 0.21 26.15 0.72 0.12 4.58 10.71
Wude 0.16 10.98 1.73 0.31 9.03 8.68
Shenjiach 0.2 39.3 0.79 0.33 6.94 14.01
Shenggp 0.17 15.37 1.2 0.22 4.61 10.14
Diandong 0.29 9.45 6.05 0.24 4.73 6.69
Tianba 0.24 21.69 2.34 0.33 13.26 10.31
Mafang 0.7 41.24 9.17 1.38 74.84 35.71
Laobao 0.15 12.23 1.11 0.43 8.62 11.05
Dalishu 0.18 10.48 1.46 0.34 6.76 6.02
Xutun 0.21 42.04 0.74 0.43 4.58 14.07
Housuo 0.27 20.55 1.24 0.19 8.36 13.43
Hutou 0.27 27.94 0.81 0.57 8.64 14.76

TABLE 3

Concentration and Principle Component (PC) Analysis of Elements  
in Soil (µg/g)

Element PC1
(72.9%)

PC2
(17.3%)

Min Max Average Standard

Beryllium 0.92 -0.04 0.15 0.70 0.24 N.R.
Chromium 0.58 0.78 9.40 42.04 19.37 150
Arsenic 0.77 -0.56 0.72 9.17 2.24 40
Cadmium 0.92 -0.07 0.12 1.38 0.37 0.3
Lead 0.94 -0.19 2.91 74.84 10.55 250
Nickel 0.94 0.28 6.02 35.71 11.10 40

TABLE 4
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2012), lung cancer rate in Fuyuan decreased 
in the same direction. Carcinogenic elements 
were examined in different kinds of coals to 
explore the potential cause of local lung can-
cer. Two main ways exist for the inorganic car-
cinogens to penetrate the human respiratory 
system in coal burning. For the carcinogens 
with lower boiling points, e.g., mercury and 
arsenic, evaporation may be the predomi-
nant way. For carcinogens with higher boil-
ing points, e.g., lead, chromium, nickel, and 
cadmium, they may be condensed in particle 
matters and then transported to the respira-

tory system in emission stream. Coal burn-
ing temperature is the most important factor 
among its multiple properties that may influ-
ence the emission of inorganic matters (Xu 
et al., 2003). Average arsenic concentration 
at five sites of anthracite (Laochang, Reshui, 
Luoshui, Xize, and Tianjing) was 134.6 μg/g, 
which was much higher than the average 
level of the total 33 (98.6 μg/g). Mercury in 
five sites of anthracite was 80 μg/g on aver-
age, also much higher than the total average 
level (30 μg/g) in exception of Fatu, the site 
with abnormal mercury concentration (4,950 

μg/g). Fire pits were the most popular burn-
ing equipment during the early exposure of 
residents in both Xuanwei and Fuyuan, and 
the average combustion temperature for the 
household fire pit was below 900ºC for bitu-
minous coals (Xian et al., 1994), whereas 
the flame temperature of the pulverized coal 
combustion, which was popularly used in the 
anthracite area in Xuanwei and Fuyuan, was 
1,480ºC–1,590ºC (Tillman, 1994). People in 
the anthracite area therefore suffered more 
exposure to mercury and arsenic. But, as seen 
in Figure 1, lung cancer rates in anthracite 
areas were found all less than 22/100,000, 
much lower than other areas. Results revealed 
that arsenic and mercury exposure in coal 
combustion was not the significant cause 
to local abnormal lung cancer incidence. As 
shown in Table 5, people in Haidai would 
suffer most from cadmium and nickel expo-
sure from air particles, while people in Long-
tan would suffer most from lead, chromium, 
and beryllium exposure. But lung cancer 
incidences in both Haidai (21/100,000) and 
Longtan (37/100,000) were much lower than 
that in Laibin (107/100,000). It appeared that 
beryllium, lead, chromium, cadmium, and 
nickel exposure though air particles also had 
no relationship to local lung cancer incidence.

Conclusion
In conclusion, exposure of radon in indoor 
or outdoor air had no significant relation-
ship to lung cancer in Xuanwei and Fuyuan. 
Household stove improvement changing the 
unvented stoves to vented stoves obviously 
alleviated the indoor air pollution of mercury 
and many other carcinogenic metals. Most of 
the carcinogenic metals were at very low lev-
els in water and soil, which therefore had little 
influence on human health. No relationships 
between metal pollution (beryllium, arsenic, 
lead, chromium, cadmium, and nickel) and 
cancer were observed. Our study was the 
first to determine these hazardous pollutants 
in these areas. Excluding these interfering 
factors from the causes of local lung cancer 
is necessary and will be helpful to the future 
etiology and epidemiology studies. 

Corresponding Author: Jungang Lv, Research 
Center for Eco-Environmental Sciences, Chi-
nese Academy of Sciences, Beijing 100040, 
China. E-mail: sdtaljg@163.com.

Elements in Coal Samples (µg/g)

Site Lead Cadmium Chromium Arsenic Beryllium Nickel

Lixing 17.2 1.12 12.31 46.13 1.04 21.8
Taoyuan 26.99 1.88 9.93 93.66 6.67 34.32
Wuqi 17.78 0.68 9.06 39.35 1.45 32.27
Xingyun 7.95 2.82 16.32 90.22 0.56 14.21
Ayicun 16.27 1.88 11.13 176.49 1.53 20.19
Kuantang 12.91 2.54 10.51 109.63 0.89 33.53
Fatu 20.31 4.14 21.49 284.68 1.7 12.04
Datianba 9.14 0.27 3.72 35.9 1.02 13.31
Shenjch 8.16 2.24 18.98 144.99 0.45 14.89
Reshui 25.84 0.59 1.5 128.81 0.24 17
Huajiao 15.47 0.95 6.55 138.73 1 26.84
Yishankou 10.36 2.18 15.65 135.74 0.86 31.3
Yanhe 23.1 3.44 20.95 101.25 1.38 26.05
Tuanjie 16.34 3.49 6.92 136.61 0.75 15.35
Laochang 26.03 1.01 0.61 111.95 0.17 19.84
Zhenhai 12.84 2.79 17.79 90.28 1.19 32.18
Xiaobaiyan 17.43 2.01 18.01 42.55 0.96 23.24
Daaozi 12.36 2.1 20.52 100.48 0.8 12.01
Huadagou 31.7 0.74 1.22 122.45 0.15 13.12
Luoshui 84.11 1.69 4.6 136.61 0.38 31.99
Haidong 16.2 1.6 7.24 109.44 1.19 25.95
Yantang 11.89 2.29 8.62 51.34 1.29 22.96
Xize 32.09 1.92 22.39 152.5 0.86 7.7
Tianjing 8.63 1.31 2.59 143.16 0.31 5.98
Longhai 7.8 1.51 7.16 45.98 0.5 14.8
Mixed 6.44 1.19 5.06 103.95 0.23 7.08
Zhenxing 27.9 1.85 13.02 51 2.13 71.76
Qijiadi 19.81 4.66 8.43 64.75 1.26 28.95
Baocun 11.46 1.99 11.35 62.45 0.76 27.29
Fangmaping 30.67 1.77 21.11 43.25 1.88 29.28
Hutou 14.4 1.58 9.76 58.42 0.42 13.85
Laoniuchang 13.21 1.26 7.84 44.88 0.94 15.89
Seerchong 11.36 1.46 13.39 56.29 1.03 21.47

TABLE 5
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P rivate Wells—Public 
Health Risks
For communities using private or 

unregulated drinking water wells, groundwater 
vulnerability to microbial contamination poses 
a signifi cant public health risk. Historically, a 
signifi cant number of drinking-water-associ-
ated waterborne illness outbreaks and contami-
nation events have been attributed to unregu-
lated water systems (Craun & Calderon, 2003; 
DeSimone, Hamilton, & Gilliom, 2009; Yoder 
et al., 2008). Although many environmental 
health programs are required to inspect and 
test private wells only at the time of permitting 

(when a new well is constructed or repaired), 
illnesses and problems associated with these 
systems constitute a major part of water safety 
initiatives pursued by these programs. 

In the wake of government austerity mea-
sures, many environmental health permitting 
programs will curtail services associated with 
private wells. In its efforts to support local 
environmental health programs, the Centers 
for Disease Control and Prevention’s Environ-
mental Health Specialists Network (EHS-Net) 
Water Program has developed a groundwa-
ter vulnerability assessment tool, Land-use 
Hydrology and Topography (LHT), piloted in 

18 counties in the state of Georgia to assess the 
effectiveness of this approach for identifying 
unregulated wells for prioritized intervention 
(Baloch & Sahar, 2011). This column presents 
a case for using a groundwater vulnerability 
mapping approach to prioritize intervention 
programs for those private or individual wells 
most vulnerable to contamination.

Groundwater Vulnerability 
Assessment Approach
The U.S. Environmental Protection Agency 
(U.S. EPA) defi nes a public water system 
(PWS) as a water system serving a minimum 
of 15 connections or 25 persons for at least 60 
days in a year (U.S. EPA, 2003, 2004). Unlike 
unregulated or private wells, wells supplying 
water to PWSs are protected by state wellhead 
programs (WHPs). These programs provide a 
localized approach to protection by focusing 
on the critical surface and subsurface areas 
surrounding a well connected to the PWS 
known as wellhead protection areas (WHPAs). 
This exact approach is not a viable option for 
unregulated or private wells because identify-
ing and delineating WHPAs for every private 
well in a jurisdiction is not practical given the 
large number and sparse locations of these sys-
tems. Furthermore, budget cuts across govern-
ment agencies necessitate sound planning and 
project prioritization to direct limited funds 
available for environmental health programs 
to projects that can have the most positive 
public health impacts. Elements of the WHPs 
can be adapted, however, to a groundwater 
vulnerability approach to help identify, priori-
tize, and protect private wells in contamina-
tion-prone areas. 

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, we feature a column from the 

Environmental Health Services Branch (EHSB) of the Centers for Disease 

Control and Prevention (CDC) in every issue of the Journal.

In this column, EHSB and guest authors from across CDC will highlight 

a variety of concerns, opportunities, challenges, and successes that we all 

share in environmental public health. EHSB’s objective is to strengthen the 

role of state, local, tribal, and national environmental health programs and 

professionals to anticipate, identify, and respond to adverse environmental 

exposures and the consequences of these exposures for human health. 

The conclusions in this article are those of the author(s) and do not 

necessarily represent the views of CDC. 

Mansoor Baloch is a consultant hydrologist/environmental engineer with 

the Environmental Health Specialists Network (EHS-Net) Water Program 

at EHSB. He has more than 10 years of research and program experience in 
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Groundwater vulnerability or susceptibil-
ity is a system property that refers to “ground-
water sensitivity to contamination and 
describes the relative tendency or likelihood 
for contaminants to reach a specified position 
in the ground water system after introduction 
at some location above the uppermost aquifer 
(Ligget & Talwar, 2009; National Research 
Council, 1993).” A groundwater vulnerabil-
ity assessment approach may help prioritize 
groundwater protection measures and direct 

limited resources to the most vulnerable loca-
tions for further investigation, protection, 
and monitoring. Groundwater vulnerability 
assessments use a systems theory approach 
that considers the entire watershed hydro-
logic system to understand the influences of 
variability in the watershed conditions and 
events on the groundwater. This approach 
can thus identify the root causes leading to 
contamination of the groundwater system. 

With the use of GIS, complex hydrogeologi-
cal and environmental data are processed to 
create a single vulnerability map by using an 
index and overlay method. Such methods are 
well suited to produce regional scale screen-
ing tools for use in decision making and for 
prioritizing focus areas and site assessments. 
In a GIS, digital data layers of variables of con-
cern are rated and assigned weights and then 
combined into a vulnerability score (Rahman, 
2008). Based on the score, a given study area 
is classified into contamination risk categories 
(e.g., high, medium, and low) depicting the 
relative vulnerability of groundwater in that 
region on a simple map (Figure 1). Vulner-
ability maps are inexpensive to produce, easy 
to implement, and often use readily available 
data. Furthermore, a vulnerability map is easy 
to understand and can be used as a power-
ful educational tool for raising public aware-
ness about groundwater contamination issues 
(Ligget & Talwar, 2009). 

Summary and Further 
Information
Groundwater vulnerability assessments pro-
vide meaningful tools to identify areas that 
are more likely than others to become con-
taminated. Such tools are particularly rele-
vant in the absence of site-specific monitoring 
and process-based evaluation. With budget 
reductions, environmental health practitio-
ners can use vulnerability assessment maps 
to identify areas for prioritized intervention. 
This information can also be used during 
water outbreak investigations as an indica-
tor in the environment for possible sources of 
contamination and may assist in tracing back 
to identify the source of the outbreak. 

EHS-Net Water Program’s LHT, a ground-
water contamination vulnerability assess-
ment tool, can be replicated and used in other 
areas of the country. Further details regard-
ing the LHT tool, its input data requirements, 
and technical support can be obtained by 
contacting the EHS-Net Water Program at 
CDC (www.cdc.gov/nceh/ehs/ehsnet/). 

Corresponding Author: Mansoor A. Baloch, 
Consultant Hydrologist/Environmental Engi-
neer, EEHS/NCEH, 4770 Buford Highway, MS 
F58, Atlanta, GA 30341. E-mail: MBaloch@ 
cdc.gov.

Land-Use Hydrology Topography (LHT) Model Results Identifying 
Groundwater Vulnerability to Microbial Contamination in Subwater-
sheds of Pilot Counties in North Georgia (Baloch & Sahar, 2011)

HUC = hydrologic unit code.

FIGURE 1
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Thomas Frey

By 2030 Over 50% of 
Colleges Will Collapse: 
Part 2

L ast month’s column explored the dif-
ferent metrics impacting the world 
of higher education: rising costs and 

student loan backlash, digital-era trends and 
the demand for online courses, employment 
statistics, and shifting trends. This month’s 
column will now look at several reasons why 
some colleges will collapse in the future. 

Eight Reasons Why Over 50% 
of Colleges Will Fail by 2030
So what happens when the legacy power 
of an institution meets a rapidly changing 

business environment driven by emerging 
technology? Some will survive but many 
will not.

For this reason I’ve decided to focus in on 
eight core issues for colleges that will drive 
a wedge between business-as-usual and the 
unstoppable forces of change.
1. Overhead costs too high—Even if the 

buildings are paid for and all money-
losing athletic programs are dropped, the 
costs associated with maintaining a college 
campus are very high. Everything from 
utilities, to insurance, to phone systems, to 

security, to maintenance and repair are all 
expenses that online courses do not have. 
Some of the less visible expenses involve 
the bonds and fi nancing instruments used 
to cover new construction, campus proj-
ects, and revenue inconsistencies. The cost 
of money itself will be a huge factor.

2. Substandard classes and teachers—Many 
of the exact same classes are taught in thou-
sands of classroom simultaneously every 
semester. The law of averages tells us that 
49.9% of these will be below average. Yet 
any college that is able to electronically pipe 
in a top 1% teacher will suddenly have a 
better class than 99% of all other colleges.

3. Increasingly visible rating systems—
Online rating systems will begin to torpedo 
tens of thousands of classes and teachers 
over the coming years. Bad ratings of one 
teacher and one class will directly affect 
the overall rating of the institution.

4. Inconvenience of time and place—Yes, 
classrooms help focus our attention and 
the world runs on deadlines. But our will-
ingness to fl ex schedules to meet some-
one else’s time and place requirements is 
shrinking, especially when we have a more 
convenient option.

5. Pricing competition—Students today have 
many options for taking free courses with-
out credits versus expensive classes with 
credits and very little in between. That, 
however, is about to change. Colleges 
focused primarily on course delivery will 
be facing an increasingly price-sensitive 
consumer base.

6. Credentialing system competition—Much 
like a doctor’s ability to write prescriptions, 
a college’s ability to grant credits has given 
them an unusual competitive advantage, 

Edi tor ’s  Note :  Significant and fast-paced change is occurring 
across society in general and our profession in particular. With so much 
confusion in the air, NEHA is looking for a way to help our profession better 
understand what the future is likely to look like. The clearer our sense for 
the future is, the more able we are to both understand and take advantage 
of trends working their way through virtually every aspect of our lives 
today. To help us see what these trends are and where they appear to be 
taking us, NEHA has made arrangements to publish the critical thinking 
of the highly regarded futurist, Thomas Frey. 

The opinions expressed in this column are solely that of the author and 
do not in any way refl ect the policies and positions of NEHA and the Journal 
of Environmental Health.

Thomas Frey is Google’s top-rated futurist speaker and the executive 
director of the DaVinci Institute®. At the Institute, he has developed original 
research studies enabling him to speak on unusual topics, translating 
trends into unique opportunities. Frey continually pushes the envelope of 
understanding, creating fascinating images of the world to come. His talks on 
futurist topics have captivated people ranging from high-level government 
offi cials to executives in Fortune 500 companies. He has also authored the 
book Communicating with the Future. Frey is a powerful visionary who is 
revolutionizing our thinking about the future.
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something every startup entrepreneur is 
searching for. Traditional systems for grant-
ing credits, however, only work as long as 
people still have faith in the system. This 
“faith in the system” is about to be eroded 
with competing systems. Companies like 
Coursera, Udacity, and iTunesU are well 
positioned to start offering an entirely new 
credentialing system.

7. Relationships formed in colleges will be 
replaced with other relationship-build-
ing systems—Social structures are chang-
ing and the value of relationships built 
in college, while often quite valuable, are 
equally often overrated. Just as a dating 
relationship today is far more likely to 
begin online, business and social relation-
ships in the future will also happen in far 
different ways.

8. Sudden realization that “the emperor has 
no clothes!”—Education, much like our 
money supply, is a system built on trust. 
We are trusting colleges to instill valuable 
knowledge in our students, and in doing so, 
create a more valuable workforce and society. 
But when those who find no tangible value 
begin to openly proclaim, “the emperor has 
no clothes!” colleges will find themselves in 
a hard-to-defend downward spiral.
Ironically, we are entering into a period 

where the demand for education will rise 
substantially. Yet traditional colleges are such 
a mismatch for what future consumers will 
want that dropping enrollments will cause 
many to fail. 

At the same time many new opportunities 
will begin to surface, and future learning cen-
ters will make use of former college facilities. 
Some may even resurrect the former institu-
tion under an entirely new business model.

Declining Enrollment Scenario
With several new alternative education options 
arising, many colleges will begin to experience 
a decline in their enrollment. When revenues 
run short, the first instinct will be to arrange 
short-term financing. This, coupled with long-
term bonds and other obligations, will create a 
growing mountain of debt.

As less expensive schools with extensive 
online capabilities begin to “steal” students, 
several colleges will engage in a pricing war 
to “keep their numbers up.” Many will spend 
heavily on marketing to change their image 
and boost enrollment. Others will spend 
heavily on lobbyists in hopes of gaining more 
support from government.

Some will experience declining revenues, 
others will experience declining enrollment. 
Most, however, will experience both.

How many colleges that experience a 10% 
decline in enrollment and/or revenue per 
year will still be around after five years?

In the business world, declining metrics 
like this are referred to as a “death spiral.” 
How long will it take before dramatic changes 
are made? At what point will layoffs begin, 
assets be sold, or mergers be considered?

For state-supported institutions, at what 
point will an emergency session of the state 
legislature be called? If three to five state-sup-
ported colleges are all experiencing enroll-
ment/revenue declines at the same time, 
at what point will the state decide to “walk 
away” from what they perceive to be a never-
ending money pit?

How many colleges or universities will 
have the ability to reinvent themselves as this 
is occurring?

Final Thoughts
Imagine coming across a job opening that 
requires a specific certification you currently 
don’t have. You match up well with all of the 
other job requirements but you’re only miss-
ing this one certification.

A few clicks later you find out the certifi-
cation can happen online with 20 hours of 
training. So you spend your weekend get-
ting certified.

Yes, a big difference exists between having 
a cursory understanding of a topic and work-
ing level proficiency. But for many of us our 
future careers will hinge on situations like 
the scenario I just described.

As a society we’ve grown complacent, 
thinking smart people in colleges are doing 
a good job preparing our kids for the future. 
Yet higher ed has become a lumbering giant, 
slow to adapt and increasingly out of sync 
with the needs of business and society.

The same top-down institutional systems 
that have preserved colleges for centuries are 
now becoming their greatest enemy.

Much as failed golf courses, big box retail-
ers, and shopping centers end up in the laps 
of local communities, failed colleges will also 
become local problems for city governments 
to deal with.

Pedestrian campuses that worked well dur-
ing peak enrollment have a way of becoming 
white elephants for whatever comes next.

Interested in sharing your thoughts? Go to 
www.FuturistSpeaker.com. 

Corresponding Author: Thomas Frey, Senior 
Futurist and Executive Director, DaVinci 
Institute®, 511 East South Boulder Road, 
Louisville, CO 80027. E-mail: dr2tom@ 
davinciinstitute.com. 
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CAREER OPPORTUNITIES

Food Safety Inspector 
UL Everclean Services is the leader in the restaurant inspections mar-
ket. We offer opportunities throughout the country. We currently 
have openings for professionals to conduct Q.A. audits of restaurants. 
Alaska
Albuquerque, NM
Baton Rouge, LA
Boise, ID
Buffalo, NY
Butte, MT
Cleveland, OH
Dallas, TX
Jacksonville, FL
Little Rock, AR
McAllen, TX

Mobile, AL
New Orleans, LA
Pittsburgh, PA
Richmond, VA
Rochester, NY
Rogers, AR
Shreveport, LA
Spearfi sh, SD
Virginia Beach, VA
Washington, DC

Past or current food safety inspecting is required. 
Interested applicants can send their resume to: Bill Flynn 
at Fax: 818-865-0465. E-mail: Bill.Flynn@ul.com. 

LSU Health Sciences Center-New Orleans, 
School of Public Health
Environmental and Occupational Health Sciences, 
Associate or Full Professor—Tenure Track

The School of Public Health at the Louisiana State University 
Health Sciences Center in New Orleans (LSUHSC-N.O.) is seeking 
applicants for a tenure track position in Environmental and Occu-
pational Health Sciences at the associate or full professor level. The 
successful candidate will be expected to participate in teaching en-
vironmental or occupational health science courses, to collaborate 
with other researchers, and to establish independent, externally 

funded research. A doctoral degree (PhD, ScD, DrPH) in a relevant 
science is required. Preference will be given to candidates with a 
degree(s) from a school of public health. Experience or expertise 
in environmental epidemiology, environmental policy, environ-
mental justice, and risk communication are of particular interest, 
but other areas of focus will be considered. Academic rank will be 
commensurate with teaching and research experience and national 
stature. Candidates should send a statement of research interests 
and teaching experience, a CV, and the names of three references 
to sphjobs@lsuhsc.edu. Please visit http://publichealth.lsuhsc.edu/ 
for additional information about LSUHSC-N.O.’s School of Public 
Health. LSUHSC-N.O. is an AA/EEO employer.

Find a Job! Fill a Job!

Where the "best of the best" consult... 

N E H A ' s
C a r e e r  C e n t e r

First job listing FREE for city, county, and state health 

departments with a NEHA member, 

and for Educational and Sustaining members.

For more information, please visit 

neha.org/job_center.html 

Free 30 Day Access to 
Recent Content from 

Archives in Environmental  
and Occupational Health 

For more than 90 years, Archives of Environmental & 
Occupational Health has provided objective documentation of 
the effects of environmental agents on human, and in some cases, 
animal populations. This noted journal consolidates the latest 
research from such varying fields as epidemiology, toxicology, 
biostatistics, and biochemistry.

Publishing cutting edge research based on the most rigorous 
methods, Archives addresses topics of current concern such 
as health significance of toxic waste, new energy technology, 
industrial processes, and the environmental causation of 
neurobiological dysfunction, birth defects, cancer, and chronic 
degenerative diseases. 

Archives of Environmental & Occupational Health  
has a 2-Year Impact Factor of 1.194  

and a 5-Year Impact Factor of 1.147* 
*©2013 Thomson Reuters, 2012 Journal Citation Reports®

Most Read Articles from 
Archives in Environmental 
and Occupational Health:

•	 Effect of Chronic Pesticide Exposure in Farm Workers  
 of a Mexico Community
•	 A Comparison of the Effect of Work Stress on Burnout  
 and Quality of Life Between Female Nurses and  
 Female Doctors
•	 Upper Body Quadrant Pain in Bus Drivers
•	 Taylorism, the Aging Workforce, and the  
 Biopsychosocial Model

Access Volume 68, issue 2 
for FREE!

Follow These Easy Instructions to Gain  
FREE ACCESS:

1. Visit this link tandfonline.com/r/VAEH

2. Log-in or Register

**you will only be able to access this free 
content by using the link above. Your 30 day 
access will not start until you log-in and visit this 
link.

tandfonline.com/VAEH

What Does a Credential From the National Environmental 
Health Association Offer You?
Holding a NEHA credential benefi ts you as an individual in proving your competency and capability in the 
fi eld of environmental health and protection. A NEHA credential offers you:

• Distinction as a leader, mentor, and role model in      
   environmental health and protection

• Potential for more career opportunities and 
   increased earnings

• Professional advancement

• Recognition for your skills, knowledge, and expertise 

• Demonstration to your employer and your community   
   that you are competent, properly trained, and 
   equipped to carry out your responsibilities
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UPCOMING NEHA CONFERENCES

July 7–10, 2014: NEHA’s 78th Annual Educational Conference & 
Exhibition in Partnership with the International Federation of 
Environmental Health, The Cosmopolitan of Las Vegas, NV. For 
more information, visit www.neha2014aec.org.

NEHA AFFILIATE AND REGIONAL LISTINGS

California
March 31–April 4, 2014: 63rd Annual Educational Symposium, 
“Harvest the Knowledge,” hosted by the Redwood Chapter of 
the California Environmental Health Association, Napa Valley 
Marriott Hotel, Napa, CA. For more information, visit www.ceha.
org/events.

Michigan
March 18–21, 2014: 2014 Annual Education Conference, 
sponsored by the Michigan Environmental Health Association, 
Big Rapids, MI. For more information, visit www.meha.net. 

Texas
December 4–6, 2013: 10th Annual South Texas Chapter 
Educational Conference, sponsored by the South Texas Chapter 
of the Texas Environmental Health Association, Isla Grand Beach 
Resort, South Padre Island, TX. For more information, contact 
Victor Baldovinos at (956) 761-3226 or tehastc@gmail.com.

TOPICAL LISTINGS

Food Safety
November 18–21, 2013: InFORM 2013: PulseNet, Outbreak-
Net, and Environmental Health, San Antonio, TX. For more 
information visit http://www.aphl.org/conferences/InFORM-
2013-PulseNet-OutbreakNet-and-Environmental-Health/Pages/
default.aspx. 
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Showcase Environmental Health
and All It Encompasses
For many years NEHA’s Journal of Environmental 

Health has been adorned by visually-stunning and 

creative covers portraying a wide variety of 

environmental health topics. You can now own these 

amazing cover images in poster size. Use the walls of 

your department and of�ce to display to visitors, your 

boss and staff, and the public what environmental 

health encompasses and your pride in your profession.

For more information and to place your order:

ª Go to neha.org/JEH

ª Contact Kristen Ruby at kruby@neha.org or  

     303.756.9090, ext. 341

• Three different frame-able sizes*

• Glossy, high-quality prints 

• Select covers from 2005 to the present

1

2

3
*Framing available on request for an extra fee.

Special Offer: Get a free 8.5x11˝ 
print of any cover with the order 
of at least one poster.

8.5x11˝

18x24˝

24x36˝
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enriqueza@comcast.net

President's Message
continued from page 7

additional information about in-person train-
ing opportunities and hundreds of online 
courses, visit our Web site at www.neha.org. I 
am proud to share information about our orga-
nization and the benefits provided—NEHA is 
proactive and makes the professional growth 
of its members a priority. The combined efforts 
of the NEHA staff, volunteers, stakeholders, 
and partners have contributed to a workforce 
that is prepared to respond.

Acknowledgements and special thanks to 
NEHA staff members Rance Baker, Ginny 
Coyle, Elizabeth Landeen, and Christl Tate 
for their contributions to this column and for 
their excellent work on the training courses 
and projects summarized. 

Managing Editor’s Desk
continued from page 49

the print version of the Journal. To update 
your e-mail address, simply visit neha.org 
and access your profile through My NEHA. 
And always, if you need additional assistance 
with updating your e-mail address, please 
don’t hesitate to pick up the phone and give 
us a call.

In years to come, I anticipate that our his-
torian (presently Dick Pantages, who serves 
us so well) will zero in on this article, as this 
day truly takes the association and our efforts 
to be of service to you to a whole new level. 

Enjoy! 

nfabian@neha.org

?
NEHA was asked by the Council to Improve Foodborne Outbreak Response (CIFOR) to conduct  

an assessment of the capacity of local and state agencies to undertake foodborne illness  
outbreak investigation and response. The summary and detailed results are published  

in a full report, Assessment of Foodborne Illness Outbreak Response and  
Investigation Capacity in U.S. Environmental Health Food Safety Regulatory Programs,  
at www.neha.org/pdf/CIFOR_FBIOutbreakCapacityAssessment_ResultsReport_Final.pdf.

Did You Know?
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RESOURCE CORNER

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

Environmental Engineering: Water, Wastewater, 
Soil and Groundwater Treatment and 
Remediation (Sixth Edition)
Edited by Nelson L. Nemerow, PhD; Franklin J. Agardy, PhD; Patrick 
Sullivan, PhD; and Joseph A. Salvato (2009)

First published in 1958, Salvato’s Envi-
ronmental Engineering has long been the 
definitive reference for generations of 
sanitation and environmental engineers. 
This new edition has been completely 
rewritten by leading experts in the field 
and offers succinct new case studies, 
new process and plant design examples, 
and added coverage of subjects such as 
urban and rural systems. This volume 
covers water and wastewater treatment, 
water supply, soil and groundwater 

remediation and protection, and industrial waste management. 
Study reference for NEHA’s REHS/RS exam.
384 pages / Hardback / Catalog #709
Member: $130 / Nonmember: $140

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

A must for the reference library of any-
one with environmental health con-
cerns, this book focuses on factors that 
are generally associated with the out-
door 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 assess-
ment; solid and hazardous waste prob-
lems and controls; safe drinking water 
problems and standards; onsite and 
public sewage problems and control; 

plumbing hazards; air, water, and solid waste programs; technol-
ogy transfer; GIS and mapping; bioterrorism and security; disaster 
emergency health programs; ocean dumping; and much more. 
Study reference for NEHA’s REHS/RS exam.
876 pages / Hardback / Catalog #215B
Member: $180 / Nonmember: $195

The Principles of Sustainability (Second Edition)
Simon Dresner (2008)

At a time of increasingly rapid environ-
mental deterioration and climate change, 
sustainability is one of the most impor-
tant issues facing the world. This edition 
covers the latest on the climate change 
front, particularly the advances in scien-
tific understanding and political aware-
ness of climate change. It covers histori-
cal development of the concept of sus-
tainability, contemporary debates about 
how to achieve it, and obstacles and the 
prospects for overcoming them.

205 pages / Paperback / Catalog # 809
Member: $34 / Nonmember: $37

Epidemiology: Concepts and Methods
William A. Oleckno (2008)

Comprehensive in its coverage, this text 
is a full-scale, pedagogically rich intro-
duction to fundamental ideas and proce-
dures in epidemiology. It covers the 
major concepts, principles, methods, 
and applications of both conventional 
and modern epidemiology using clear 
language and frequent examples to illus-
trate important points and facilitate 
understanding. While the author pro-
vides thorough treatment of the more 
customary aspects of conventional and 

modern epidemiology, he also introduces several important design 
and analytical issues that are only rarely approached in fundamen-
tal epidemiology textbooks. Concepts as diverse as competing 
risks, maturation, futility, and the prevalence and bias effects in the 
context of screening are just a few examples of the broad range of 
concepts covered in this text. 
649 pages / Paperback / Catalog #763
Member: $51 / Nonmember: $54  
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Your Food Safety Solution 
for Training and Certification

NEHANational Environmental Health Association

Simply the best choice in
food safety training.

NEHA 
Call today - toll free
1-866-956-2258 x340 

support@neha.org

PROFESSIONAL FOOD MANAGER
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The NEHA Endowment Foundation was established to enable NEHA to do more for the environ-

mental health profession than its annual budget might allow. Special projects and programs supported 

by the foundation will be carried out for the sole purpose of advancing the profession and its practitioners.

Individuals who have contributed to the foundation are listed below by club category. These listings are 

based on what people have actually donated to the foundation—not what they have pledged. Names 

will be published under the appropriate category for one year; additional contributions will move indi-

viduals to a different category in the following year(s). For each of the categories, there are a number of 

ways NEHA recognizes and thanks contributors to the foundation. If you are interested in contributing to 

the Endowment Foundation, please fill out the pledge card or call NEHA at 303.756.9090.

Thank you.
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Sustaining Members
Albuquerque Environmental Health 
Department 
lstoller@cabq.gov

Allegheny County Health  
Department 
Steve Steingart 
www.county.allegheny.pa.us

American Academy  
of Sanitarians (AAS) 
Gary P. Noonan  
www.sanitarians.org

Arlington County Public Health 
Division 
www.arlington.us

Ashland-Boyd County Health 
hollyj.west@ky.gov

Association of Environmental Health 
Academic Programs 
www.aehap.org

Chemstar Corporation 
www.chemstarcorp.com

City of Bloomington 
www.ci.bloomington.mn.us

City of Fall River Health & Human 
Services 
(508) 324-2410

City of Houston Environmental Health 
www.houstontx.gov/health/
Environmental/ 
(832) 393-5155

Columbia County Health Department 
www.columbiacountyny.com/depts/
health2/

County of San Diego 
cathy.martinez@sdcounty.ca.gov

Decade Software Company LLC 
Darryl Booth 
www.decadesoftware.com

DEH Child Care 
www.denvergov.org/DEH

DeltaTrak, Inc. 
Vallierie Cureton 
www.deltatrak.com

Department on Disability Services, 
District of Columbia 
http://dds.dc.gov

Digital Health Department, Inc. 
www.digitalhealthdepartment.com

Diversey, Inc. 
Steve Hails 
www.diversey.com

DuPage County Health Department 
www.dupagehealth.org

Ecolab 
Robert Casey 
robert.casey@ecolab.com 
www.ecolab.com

EcoSure 
charlesa.arnold@ecolab.com

English Sewage Disposal, Inc. 
(756) 358-4771

Food Marketing Institute 
www.fmi.org

Gass Weber Mullins LLC 
www.gasswebermullins.com

GLO GERM/Food Safety First   
Joe D. Kingsley 
www.glogerm.com

HealthSpace USA Inc  
Joseph Willmott 
www.healthspace.com

Industrial Test Systems, Inc. 
www.sensafe.com

Inspect2Go 
www.inspect2go.com

Inspek Pro LLC 
mail@inspekpro.com 
www.inspekpro.com

Jefferson County Health Department 
(Missouri) 
Joe Hainline 
www.jeffcohealth.org

Jefferson County Public Health 
(Colorado) 
csanders@jeffco.us 
http://jeffco.us/health

Kansas Department of Health  
& Environmental 
jrhoads@kdheks.gov

LaMotte Company 
Sue Byerly 
sbyerly@lamotte.com

Linn County Public Health 
health@linncounty.org

Maricopa County Environmental 
Services 
jkolman@mail.maricopa.gov

Mars Air Doors   
Steve Rosol 
www.marsair.com

McDonough County Health 
Department 
www.mchdept.com

Mid-Ohio Valley Health Department 
tim.l.miller@wv.gov 
www.movhd.com

Mitchell Humphrey 
www.mitchellhumphrey.com

Mycometer 
www.mycometer.com

National Environmental Health  
Science and Protection Accreditation 
Council 
www.ehacoffice.org

National Registry of Food Safety 
Professionals 
Lawrence Lynch 
www.nrfsp.com

National Restaurant Association 
www.restaurant.org

National Swimming Pool Foundation 
Michelle Kavanaugh 
www.nspf.org

New Jersey State Health Department, 
Consumer and Environmental Health 
Services 
Joe Eldridge 
www.njeha.org

New York City Department of Health 
& Mental Hygiene 
www.nyc.gov/health

North Bay Parry Sound District 
Health Unit 
www.healthunit.biz

Nova Scotia Department of Agriculture 
www.gov.ns.ca

NSF International 
Stan Hazan 
www.nsf.org

Omaha Healthy Kids Alliance 
www.omahahealthykids.org

Oneida Indian Tribe of Wisconsin   
www.oneidanation.org

Orkin 
Zia Siddiqi 
orkincommercial.com

Ozark River Hygienic Hand-Wash 
Station 
www.ozarkriver.com

PerkinElmer, Inc. 
www.perkinelmer.com

Pinnacle Health Childhood Lead 
Poisoning Prevention Program 
www.pinnaclehealth.org/Conditions---
Treatments/Services/Children-s-Health/
Services/Childhood-Lead-Poisoning-
Prevention-Program.aspx

Prometric 
www.prometric.com

San Jamar 
www.sanjamar.com

Seattle & King County  
Public Health 
Michelle Pederson 
michelle.pederson@kingcounty.gov

Shat-R-Shield Inc. 
Anita Yost 
www.shat-r-shield.com

Skillsoft 
Melynda Hilliard 
mhilliard@skillsoft.com

Sneezeguard Solutions Inc.  
Bill Pfeifer 
www.sneezeguard-solutions.com

St. Johns Housing Partnership 
www.sjhp.org

StateFoodSafety.com 
Christie H. Lewis, PhD 
www.StateFoodSafety.com

Stater Brothers Market 
www.staterbros.com

Sweeps Software, Inc. 
Kevin Thrasher 
www.sweepssoftware.com

Target Corporation 
www.target.com

Taylor Technologies, Inc. 
www.taylortechnologies.com

Texas Roadhouse   
www.texasroadhouse.com

The Steritech Group, Inc. 
www.steritech.com

Tri-County Health Department 
www.tchd.org

Underwriters Laboratories, Inc. 
Gus Schaeffer 
www.ul.com

Waco-McLennan County Public  
Health District 
davidl@ci.waco.tx.us

West Virginia Office of Economic 
Opportunity 
www.oeo.wv.gov

WVDHHR Office of Environmental 
Health Services 
www.wvdhhr.org

YUM! Brands, Inc. 
daniel.tew@yum.com 
www.yum.com

Educational Institution 
Members
American Public University 
Tatiana Sehring 
www.StudyatAPU.com/NEHA

Colorado State University, Department 
of Environmental/Radiological Health 
www.colostate.edu

East Tennessee State University, DEH 
Phillip Scheuerman 
www.etsu.edu

Eastern Kentucky University 
worley.johnson@eku.edu 
http://eh.eku.edu

Institute of Public Health, Georgia 
State University 
cstauber@gsu.edu

Internachi-International Association 
of Certified Home Inspectors 
Nick Gromicko 
lisa@internachi.org

University of Illinois at Springfield 
Sharron LaFollette 
www.uis.edu/publichealth 

 Y O U R  ASSOCIATION Y O U R  ASSOCIATION

JEH11.13_print.indd   53 10/3/13   3:20 PM



54 Volume 76 • Number 4

SPECIAL LISTING

 Y O U R  ASSOCIATION

SPECIAL LISTING

National Officers
President—Alicia Enriquez Collins, 
REHS, e-mail: enriqueza@comcast.net

President Elect—Carolyn Hester Harvey, 
PhD, CIH, RS, DAAS, CHMM, Professor, 
Director of MPH Program, Department of 
Environmental Health, Eastern Kentucky 
University, Dizney 220, 521 Lancaster 
Avenue, Richmond, KY 40475. Phone: 
(859) 622-6342; e-mail: carolyn.harvey@
eku.edu

First Vice President—Bob Custard, 
REHS, CP-FS, Environmental Health 
Manager, Alexandria Health Department, 
4480 King St., Alexandria, VA 22302. 
Phone: (703) 746-4970; e-mail: Bob.
Custard@vdh.virginia.gov

Second Vice President—David E. Riggs, 
REHS/RS, MS, 2535 Hickory Ave., 
Longview, WA 98632. Phone: (360) 430-
0241; e-mail: davideriggs@comcast.net

Immediate Past President—Brian 
Collins, MS, REHS, DAAS, Director 
of Environmental Health, City of Plano 
Health Department, 1520 Avenue K, Ste. 
210, Plano, TX 75074-6232. Phone: (972) 
941-7334; e-mail: brianc@plano.gov 

NEHA Executive Director—Nelson E. 
Fabian (non-voting ex-officio member of 
the board of directors), 720 S. Colorado 
Blvd., Suite 1000-N, Denver, CO 80246-
1926. Phone: (303) 756-9090, ext 301; 
e-mail: nfabian@neha.org

Regional Vice Presidents
Region 1—Vacant

Region 2—Marcy A. Barnett, MA, 
MS, REHS, Emergency Preparedness 
Liaison, California Department of Public 
Health, Center for Environmental Health, 
Sacramento, CA. Phone: (916) 449-5686; 
e-mail: marcy.barnett@cdph.ca.gov. 
Arizona, California, Hawaii, and Nevada. 
Term expires 2015.

Region 3—Roy Kroeger, REHS, 
Environmental Health Supervisor, 
Cheyenne/Laramie County Health 
Department, 100 Central Avenue, Cheyenne, 
WY 82008. Phone: (307) 633-4090; e-mail: 
roykehs@laramiecounty.com. Colorado, 
Montana, Utah, Wyoming, and mem-
bers residing outside of the U.S. (except 
members of the U.S. armed forces). Term 
expires 2015. 

Region 4—Keith Johnson, RS, Administrator, 
Custer Health, 210 2nd Avenue NW, 
Mandan, ND 58554. Phone: (701) 667-
3370; e-mail: keith.johnson@custerhealth.

com. Iowa, Minnesota, Nebraska, North 
Dakota, South Dakota, and Wisconsin. 
Term expires 2016.

Region 5—Sandra Long, REHS, RS, 
Inspection Services Supervisor,  City of 
Plano Health Department, 1520 K Avenue, 
Suite #210, Plano, Texas 75074. Phone: 
(972) 941-7143 ext. 5282; Cell: (214) 500-
8884; e-mail: sandral@plano.gov. Arkansas, 
Kansas, Louisiana, Missouri, New Mexico, 
Oklahoma, and Texas. Term expires 2014. 

Region 6—Adam London, RS, MPA, En-
vironmental Health Director, Kent County 
Health Department, 700 Fuller NE, Grand 
Rapids, MI 49503. Phone: (616) 632-7266; 
e-mail: adam.london@kentcountymi.gov. 
Illinois, Indiana, Kentucky, Michigan, and 
Ohio. Term expires 2016.

Region 7—CAPT John A. Steward, REHS, 
MPH, CAPT, USPHS (ret), Institute of 
Public Health, Georgia State University, P.O. 
Box 3995, Atlanta, GA 30302-3995. Phone: 
(404) 651-1690; e-mail: jsteward@gsu.edu. 
Alabama, Florida, Georgia, Mississippi, 
North Carolina, South Carolina, and 
Tennessee. Term expires 2014.

Region 8—LCDR James Speckhart, MS, 
USPHS, Occupational Safety and Health 
Specialist, USDA/FSIS/EHSB, Mellon 
Independence Center, 701 Market St., Ste. 
4100C, Philadelphia, PA 19106. Phone: 
(215) 430-6221; e-mail: james.speckhart@
fsis.usda.gov. Delaware, Maryland, 
Pennsylvania, Virginia, Washington, DC, 
West Virginia, and members of the U.S. 
armed forces residing outside of the U.S. 
Term expires 2015.

Region 9—Edward L. Briggs, MPH, 
MS, REHS, Director of Health, Town of 
Ridgefield Dept. of Health, 66 Prospect 
Street, Ridgefield, CT 06877. Phone: (203) 
431-2745; e-mail: eb.health@ridgefieldct.org. 
Connecticut, Maine, Massachusetts, New 
Hampshire, New Jersey, New York, Rhode 
Island, and Vermont. Term expires 2016.

Affiliate Presidents
Alabama—Cindy Goocher, 3060 Mobile 
Hwy., Montgomery, AL 36108. Phone: 
(334) 293-6511; e-mail: cindy.goocher@
adph.state.al.us

Alaska—Valerie Herrera, ANTHC/
DEHA, 3900 Ambassador Dr., Ste. 301, 
Anchorage, AK 99508. Phone: (907) 729-
3504; e-mail: vsherrera@anthc.org

Arizona—Shikha Gupta, Environmental 
Operations Program Supervisor, Maricopa 
County, 1001 N. Central Ave, Ste. 401, 
Phoenix, AZ 85004. Phone: (602) 506-
6939; e-mail: sgupta@mail.maricopa.gov

Arkansas—Jeff Jackson, 740 California 
Street, Camden, AR 71701. E-mail: jeff.
jackson@arkansas.gov

California—Brenda Faw, Senior REHS, 
California Department of Public Health 
EHS-Net, 1500 Capitol Ave., MS7602, 
Sacramento, CA 95814. Phone: (916) 445-
9548; e-mail: brenda.faw@cdph.ca.gov

Colorado—Kurt Dahl, Environmental 
Health Manager, Pitkin County 
Environmental Health, 76 Service Center 
Rd., Aspen, CO 81611. Phone: (970) 920-
5438; e-mail: kurt.dahl@co.pitkin.co.us

Connecticut—John Deckert, Chief 
Sanitarian, Glastonbury County Health Dept., 
2155 Main St., P.O. Box 6523, Glastonbury, 
CT 06033. Phone: (860) 652-7535; e-mail: 
john.deckert@glastonbury-ct.gov

Florida—Shaun May, CEHP, Florida Dept. 
of Health. E-mail: shaun_may@cox.net

Georgia—Kathleen Worthington, 
Compliance Specialist, Georgia Dept. 
of Agriculture - Food Safety Division, 
P.O. Box 1040, Claxton, GA 30417. 
Phone: (912) 856-9243; e-mail: kathleen.
worthington@agr.georgia.gov

Hawaii—John Nakashima, Sanitarian IV, 
Food Safety Education Program, Hawaii 
Dept. of Health, 1582 Kamehameha Avenue, 
Hilo, HI 96720. Phone: (808) 933-0931; 
e-mail: john.nakashima@doh.hawaii.gov

Idaho—Jami Delmore, Idaho Southwest 
District Health, P.O. Box 850, Caldwell, 
ID 83606. Phone: (208) 455-5403; e-mail: 
jami.delmore@phd3.idaho.gov

Illinois—Kimberly Bradley, Environmental 
Health Specialist, 912 - 16 Ave., East 
Moline, IL 61244. Phone: (309) 752-1510; 
e-mail: kgbradley75@gmail.com

Indiana—Christine Stinson, P.O. Box 
457, Indianapolis, IN. Phone: (317) 233-
7168; e-mail: christinedely@hotmail.com

Iowa—Michael Wichman, Associate 
Director, State Hygienic Laboratory, 
The University of Iowa, 2490 Crosspark 
Rd., University of Iowa Research Park, 
Coralville, IA 52242-4721. Phone: (319) 
335-4500; e-mail: michael-wichman@
uiowa.edu

Jamaica—Paul Ximines, e-mail: 
paulx2007@yahoo.com

Kansas—Edward Kalas, Shawnee County 
Health Agency, 1515 NW Saline, North 
Annex Ste. 221, Topeka, KS 66618. Phone: 
(785) 291-2455; e-mail: ed.kalas@snco.us

Kentucky—Stacy Roof, Kentucky 
Restaurant Association, 133 Evergreen 
Road, Ste. 201, Louisville, KY 40243. 
Phone: (502) 896-0464; e-mail: stacy@
kyra.org

Louisiana—Tammy Toups, Environmen-
tal Scientist, 110 Barataria St., Lockport, 
LA 70374. Phone: (985) 532-6206; e-mail: 
tammy.t.toups@la.gov

Maryland—James Lewis, 14 Spyglass 
Court, Westminster, MD 21158-4401. 
Phone: (410) 537-3300; e-mail: jlewis@
mde.state.md.us

Massachusetts—Heidi Porter, Bedford 
Board of Health, 12 Mudge Way, Bedford, 
MA 01730. Phone: (781) 275-6507; 
e-mail: president@maeha.org

Michigan—Chris Klawuhn, RS, Deputy 
Director, Bureau of EH, Ingham County 

Health Dept., 5303 S. Cedar St., Lansing, 
MI 48909. Phone: (517) 887-4527; e-mail: 
cklawuhn@ingham.org

Minnesota—Kimberley Carlton, Planner 
Principal, Minnesota Dept. of Health, 
625 Robert St. North, P.O. Box 64975, St. 
Paul, MN 55164. Phone: (651) 201-4511; 
e-mail: kim.carlton@state.mn.us 

Mississippi—Queen Swayze, Food 
Program Specialist, Mississippi State Dept. 
of Health, 570 E. Woodrow Wilson, Ste. 
O-300, Jackson, MS 39215. Phone: (601) 
576-7689; e-mail: elizabeth.swayze@msdh.
state.ms.us

Missouri—Ericka Murphy, St. Louis 
County Dept. of Health, 6121 N. Hanley, St. 
Louis, MO 63134. Phone: (314) 615-8959; 
e-mail: emurphy@stlouisco.com

Montana—Ruth Piccone, RS, State of 
Montana Food & Consumer Safety, 1400 
Broadway St., Room C214, Helena, MT 
59620. Phone: (406) 444-5303, e-mail: 
ruthpiccone@gmail.com 

National Capitol Area—Shannon McKeon, 
Environmental Health Specialist, 10777 
Main St., Fairfax, VA 22030. Phone: (703) 
246-2444; e-mail: smckeon@ncaeha.com

Nebraska—Sarah Pistillo, EH Scientist, 
State of Nebraska Dept. of Health & 
Human Services, 250114 Skyport Dr., 
Scottsbluff, NE 69361. Phone: (308) 436-
6948; e-mail: sarah.pistillo@nebraska.gov

Nevada—John Wagner, Environmental 
Health Specialist, P.O. Box 30992, Las 
Vegas, NV 89173. E-mail: nevadaeha@
gmail.com

New Jersey—Marconi Gapas, Health 
Officer, Township of Union and Borough 
of Kenilworth Department of Health, 1976 
Morris Ave., Union, NJ 07083. Phone: 
(908) 851-8507; e-mail: mgapas@union-
township.com

New Mexico—Jeff Dickson, EH Officer, 
Indian Health Service, 5052 Sanbusco 
Court NE, Rio Rancho, NM 87144-5301. 
Phone: (505) 946-9577; e-mail: jeff.
dickson@ihs.gov

New York—Contact Region 9 Vice 
President Edward L. Briggs, Director of 
Health, Town of Ridgefield Dept. of Health, 
66 Prospect Street, Ridgefield, CT 06877. 
Phone: (203) 431-2745; e-mail: eb.health@
ridgefieldct.org

North Carolina—Jesse Dail, EH Specialist, 
3820 Bridges St., Ste. A, Morehead City, 
NC 28557. Phone: (252) 728-8499; e-mail: 
jessed@carteretcountygov.org

North Dakota—Lisa Otto, First District 
Health Unit, P.O. Box 1268, Minot, ND 
58702. Phone: (701) 852-1376; e-mail: 
ecotto@nd.gov  

Northern New England Environmental 
Health Association—Co-president  
Brian Lockard, Health Officer, Salem 
Health Dept., 33 Geremonty Dr., Salem, 
NH 03079. Phone: (603) 890-2050; e-mail: 
blockard@ci.salem.nh.us. Co-president 
Thomas Sloan, RS, Agricultural Specialist, 
NH Dept. of Agriculture, P.O. Box 2042, 
Concord, NH 03302. Phone: (603) 271-
3685; e-mail: tsloan@agr.state.nh.us

Ohio—Joseph Harrod, RS, Columbus 
Public Health, 240 Parsons Ave., 
Columbus, OH 43215. Phone: (614) 645-
0189; e-mail: jaharrod@columbus.gov

The board of directors includes NEHA’s nation-

ally elected officers and regional vice presidents. 

Affiliate presidents (or appointed representatives) 

comprise the Affiliate Presidents Council. Tech-

nical advisors, the executive director, and all past 

presidents of the association are ex-officio council 

members. This list is current as of press time.

David E. Riggs,  
REHS/RS, MS

 Second Vice President
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Oklahoma—Loree Boyanton, Oklahoma 
Dept. of Environmental Quality, 11549 
SW 54, Mustang, OK 73064. Phone: 
(405) 702-6193; e-mail: loreeboyanton@
yahoo.com

Oregon—Delbert Bell, 1016 Newcastle 
Ave., Klamath Falls, OR 97601. Phone: 
(541) 273-0757; e-mail: Dbell541@
charter.net

Past Presidents—Mel Knight, REHS, 
109 Gold Rock Court, Folsom, CA, 95630. 
Phone: (916) 989-4224, cell: (916) 591-
2611; e-mail: melknight@sbcglobal.net

Pennsylvania—Joseph “Jay” S. Tarara, 
Greensburg, PA. E-mail: littletfamily@
aol.com

Rhode Island—Dottie LeBeau, CP-FS, 
Food Safety Consultant and Educator, 
Dottie LeBeau Group, P.O. Box 37, Hope, RI 
02831. E-mail: deejaylebeau@verizon.net

Saudi Arabia—Zubair M. Azizkhan, 
Environmental Scientist, Saudi Arabian Oil 
Company. P.O. Box 5250, MC 135, Jeddah 
21411, Saudi Arabia. Phone: +966-2-427-
0158; e-mail: Zubair.azizkhan@aramco.
com.sa

South Carolina—Trey Reed, Regional 
EH Director, SC Dept. of Health and 
Environmental Control, 206 Beaufort St. 
NE, Aiken, SC 29801. Phone: (803) 642-
1637; e-mail: reedhm@dhec.sc.gov

South Dakota—Roger Puthoff, SD Dept 
of Public Safety, 1105 Kansas Ave. SE, 
Huron, SD 57350. Phone: (605) 352-5596; 
e-mail: roger.puthoff@state.sd.us

Tennessee—David Garner, 5th Floor 
Cordell Hull Building, 425 5th Avenue, 
Nashville, TN 37247. Phone: (615) 
741-8536; e-mail: david.garner@
tnenvironmentalhealth.org

Texas—Janet Tucker, Environmental 
Health Specialist, City of Richardson, 411 
W. Arapahoe Rd., Room 107, Richardson, 
TX 75080. Phone: (972) 744-4077; e-mail: 
janet.tucker@cor.gov

Uniformed Services—Joseph Hout, 
Environmental Science Officer, The 
Uniformed Services University of the 
Health Sciences, 4301 Jones Bridge Rd., 
Bethesda, MD 20814. Phone: (301) 319-
6953; e-mail: joseph.hout@usuhs.edu 

Utah—Richard Worley, Bear River Health 
Department, UT. Phone: (435) 792-6571; 
e-mail: rworley@brhd.org

Virginia—Christopher Gordon, Executive 
Advisor-Public Health, Virginia Dept. of 
Health, 109 Governor St., 13th Floor, Office 
of the Commissioner, Richmond, VA 23219. 
Phone: (804) 864-7011; e-mail: christopher.
gordon@vdh.virginia.gov

Washington—Kay Massong, e-mail: 
massonk@co.thurston.wa.us

West Virginia—Judy Ashcraft, 350 
Capitol St., Room 313, Charleston, WV 
25301. Phone: (304) 356-4284; e-mail: 
judith.a.ashcraft@wv.gov

Wisconsin—Timothy Anderson, Chief, 
Regulatory and Technical Services, 
Dept. of Agriculture, 2811 Agriculture 
Dr., Madison, WI 53708. Phone: (608) 
224-4716; e-mail: timothy.anderson@
wisconsin.gov

Wyoming—Terri Leichtweis, 
Environmental Health Specialist I, 
Cheyenne-Laramie County Health 
Department, 100 Central Ave., 
Cheyenne, WY 82007. Phone: (307) 
633-4090; e-mail: tleichtweis@lara-
miecounty.com

NEHA Historian
Dick Pantages, NEHA Past President, 
Fremont, CA. E-mail: dickpantages@
comcast.net

Technical Advisors
Air Quality—Scott E. Holmes, REHS, 
MS, Environmental Public Health Man-
ager, Lincoln-Lancaster County Health 
Department, Lincoln, NE. Phone: (402) 
441-8634; e-mail: sholmes@lincoln.ne.gov

Aquatic Venues/Recreational Health—
Colleen Maitoza, REHS, Supervising 
Environmental Specialist, Environmental 
Management Department, County of Sacra-
mento, Mather, CA. Phone: (916) 875-8512; 
e-mail: maitozac@saccounty.net. Tracynda 
Davis, MPH, Environmental Health Con-
sultant, Colorado Springs, CO. Phone: (608) 
225-5667; e-mail: tracynda@gmail.com

Children’s Environmental Health—M.L. 
Tanner, HHS, Environmental Health Man-
ager III, Bureau of Environmental Health, 
Division of Enforcement, South Carolina 
Department of Health and Environmental 
Control, Columbia, SC. Phone: (803) 896-
0655; e-mail: tannerml@dhec.sc.gov

Drinking Water/Environmental Water 
Quality—Sharon Smith, RS, West Cen-
tral Region Supervisor, Minnesota Depart-
ment of Health, Fergus Falls, MN. Phone: 
(218) 332-5145; e-mail: sharon.l.smith@
state.mn.us

Emergency Preparedness and Re-
sponse—Vince Radke, MPH, REHS, 
CP-FS, DAAS, Sanitarian, CDC/NCEH/
DEEHS/EHSB, Atlanta, GA. Phone: (770) 
488-4136; e-mail: vradke@cdc.gov. Martin 
A. Kalis, Public Health Advisor, CDC/
NCEH/DEEHS/EHSB, Atlanta, GA. Phone: 
(770) 488-4568; e-mail: mkalis@cdc.gov

Emerging Pathogens—Lois Maisel, RN, 
CP-FS, Environmental Health Specialist II, 
Fairfax County Health Department, Fair-
fax, VA. Phone: (703) 246-8442; e-mail: 
lois.maisel@fairfaxcounty.gov

Environmental Justice—Welford C. 
Roberts, PhD, DAAS, RS/REHS, Subject 
Matter Expert, Office of the Air Force 
Surgeon General, ERP International, LLC. 
South Riding, VA. Phone: (703) 681-7795; 
e-mail: welford@erols.com

Food (including Safety and Defense)—
John A. Marcello, REHS, CP-FS, Pacific 
Regional Food Specialist, Food and Drug 
Administration, Tempe, AZ. Phone: 
(480) 829-7396, ext. 2035; e-mail: john.
marcello@fda.hhs.gov. Eric Bradley, 
MPH, REHS/RS, CP-FS, Environmental 
Health Specialist, Scott County Health 
Department, Davenport, IA. Phone: (563) 
326-8618; e-mail: Eric.Bradley@scottcoun-
tyiowa.com

General Environmental Health—Eric 
Pessell, REHS, Environmental Health Divi-
sion Director, Barry-Eaton District Health 
Department, Charlotte, MI. Phone: (517) 
541-2639; e-mail: epessell@bedhd.org. Ron 
de Burger, Director, Toronto Public Health, 
Toronto, ON, Canada. Phone: (416) 338-
7953; e-mail: rdeburg@toronto.ca

Global Climate Change and Health—
Steve Konkel, PhD, MCP, AICP, FRIPH, 
Associate Professor, Environmental Health 
Sciences, University of Alaska Anchorage, 
Anchorage, AK. Phone: (907) 786-6522; 
e-mail: steven.konkel@uaa.alaska.edu

Hazardous Materials/Toxic Substances—
Priscilla Oliver, PhD, Life Scientist/Pro-

gram Manager, U.S. Environmental Protec-
tion Agency, Atlanta, GA. Phone: (404) 
630-8558; e-mail: POliverMSM@aol.com

Healthy Homes and Healthy Com-
munities—Sandra Whitehead, MPA, 
Environmental Public Health Planner, 
Division of Environmental Health, Florida 
Department of Health, Tallahassee, FL. 
Phone: (850) 245-4444, ext. 2660; e-mail: 
Sandra_Whitehead@doh.state.fl.us

Injury Prevention—CAPT Alan J. Del-
lapenna, Jr., RS, MPH, DAAS, Historian, 
Indian Health Service, Rockville, MD. 
Phone: (919) 707-5441; e-mail: alan.del-
lapenna@gmail.com

Institutions/Schools—TBD

International—Sylvanus Thompson, 
PhD, CPHI(C), Associate Director, To-
ronto Public Health, Toronto, ON, Canada. 
E-mail: sthomps@toronto.ca

Land Use Planning/Design—Felix I. Zemel, 
MCP, MPH, RS, DAAS, Health Agent/
Administrator, Cohasset Board of Health, 
Cohasset, MA. Phone: (781) 383-4116, ext. 
119; e-mail: felix.zemel@gmail.com

Legal—Doug Farquhar, JD, Program 
Director, National Conference of State 
Legislatures, Denver, CO. Phone: (303) 
856-1397; e-mail: doug.farquhar@ncsl.org

Mentorship—Sheila D. Pressley, DrPH, 
REHS/RS, Associate Professor, Envi-
ronmental Health Sciences Department, 
Eastern Kentucky University, Richmond, 
KY. Phone: (859) 622-6339; e-mail: sheila.
pressley@eku.edu. Marie Woodin, REHS, 
Deputy Division Chief, Sacramento Coun-
ty Environmental Management Depart-
ment, Sacramento, CA. Phone: (916) 875-
8527; e-mail: WoodinM@saccounty.net

Occupational Health/Safety—D. Gary 
Brown, DrPH, CIH, RS, DAAS, Professor, 
Eastern Kentucky University, Richmond, 
KY. Phone: (859) 622-1992; e-mail: gary.
brown@eku.edu 

Radiation/Radon—TBD

Risk Assessment—TBD

Sustainability—Tom R. Gonzales, MPH, 
REHS, Environmental Health Director, 
El Paso County Public Health, Colorado 
Springs, CO. Phone: (719) 578-3145; e-
mail: tomgonzales@elpasoco.com

Technology (including Computers, 
Software, GIS, and Management Appli-
cations)—Darryl Booth, MBA, President, 
Decade Software Company, Fresno, CA. 
Phone: (800) 233-9847, ext. 702; e-mail: 
darrylbooth@decadesoftware.com

Vector Control—Zia Siddiqi, PhD, BCE, 
Director of Quality Systems, Orkin, Inc., 
Atlanta, GA. Phone: (770) 220-6030; e-
mail: zsiddiqi@rollins.com

Wastewater—Craig Gilbertson, RS, En-
vironmental Planner, TrackAssist-Online, 
Walker, MN. Phone: (218) 252-2382; 
e-mail: cgilbertson@yaharasoftware.com

Workforce Development, Management, 
and Leadership—CAPT Michael E. Her-
ring, REHS, MPH, Senior Environmental 
Health Scientist/Training and Technical 
Assistance Team Leader, Centers for Dis-
ease Control and Prevention, Atlanta, GA. 
Phone: (770) 488-7351; e-mail: mherring@
cdc.gov. George Nakamura, MPA, REHS/
RS, DAAS, President/CEO, Nakamura 
Leasing, Sunnyvale, CA. Phone: (408) 482-
4117; e-mail: gmlnaka@comcast.net

NEHA Staff:  
(303) 756-9090
Rance Baker, Program Administrator, 
NEHA Entrepreneurial Zone (EZ), ext. 
306, rbaker@neha.org

Trisha Bramwell, Customer & Member 
Services Specialist, ext. 336, tbramwell@
neha.org

Laura Brister, Customer & Member 
Services Specialist, AEC Registration 
Coordinator, ext. 309, lbrister@neha.org

Patricia Churpakovich, Credentialing 
Coordinator, ext. 317, pchurpakovich@
neha.org

Ginny Coyle, Grants/Projects Specialist, 
Research and Development (R&D),  
ext. 346, gcoyle@neha.org

Jill Cruickshank, Chief Operations 
Officer (COO), ext. 342, jcruickshank@
neha.org

Vanessa DeArman, Project Coordinator, 
R&D, ext. 311, vdearman@neha.org

Cindy Dimmitt, Receptionist, Customer 
& Member Services Specialist, ext. 300, 
cdimmitt@neha.org

Elizabeth Donoghue-Armstrong, Copy 
Editor, Journal of Environmental Health, 
nehasmtp@gmail.com

Misty Duran, Continuing Education  
Specialist, ext. 310, mduran@neha.org

Nelson Fabian, Executive Director, ext. 
301, nfabian@neha.org

Eric Fife, Learning Content Producer, 
NEHA EZ, ext. 344, efife@neha.org

Soni Fink, Strategic Sales Coordinator,  
ext. 314, sfink@neha.org

Michael Gallagher, IFSS Logistics and 
Training Coordinator, NEHA EZ, ext. 343, 
mgallagher@neha.org

Tjay Gerber, Credentialing Specialist, ext. 
328, tgerber@neha.org

Genny Homyack, Executive Associate, 
ghomyack@neha.org

Dawn Jordan, Customer Service Manager, 
Office Coordinator, HR and IT Liaison, 
ext. 312, djordan@neha.org

Elizabeth Landeen, Assistant Manager, 
R&D, (860) 351-5099, elandeen@neha.org

Matt Lieber, Marketing and 
Communications Assistant, ext. 338, 
mlieber@neha.org

Larry Marcum, Managing Director,  
R&D and Government Affairs, ext. 307, 
lmarcum@neha.org

Marissa Mills, Project Assistant, R&D, 
ext. 304, mmills@neha.org

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

Terry Osner, Administrative Coordinator, 
ext. 302, tosner@neha.org

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

Kristen Ruby, Content Editor, Journal of 
Environmental Health, ext. 341, kruby@
neha.org

Michael Salgado, Assistant Manager, 
NEHA EZ, ext. 315, msalgado@neha.org

Jill Schnipke, Education Coordinator, ext. 
313, jschnipke@neha.org

Joshua Schrader, Sales & Training 
Support, NEHA EZ, ext. 340, jschrader@
neha.org

Christl Tate, Project Coordinator,  
R&D, ext. 305, ctate@neha.org  

To update information, contact Terry Osner, Administrative Coordinator, (303) 756-9090, ext. 302.

JEH11.13_print.indd   55 10/3/13   3:20 PM



56 Volume 76 • Number 4

a
James M. Abbott, RS

Warren Abrahams, REHS, MSPH

Patrick T. Accardi

Karen L. Ahrendt, RS

Anthony C. Aiken

Irvin M. Allen, RS, REHS, LSS

Herbert Anderson, RS

Kevin F. Anderson

Peter R. Andrews

Bennett H. Armstrong, RS

Thomas W. Ashton, REHS

John D. Atkinson

b
John A. Baghott

Corey Bain

Jeffrey L. Bain

Denis L. Baker

Ned E. Baker, RS

Richard A. Baker

James J. Balsamo, Jr., MS, MPH, 
MHA, RS, CP-FS

Darryl B. Barnett, MPH, DrPH, 
RS, DAAS

John M. Barry, PhD

Myron Bateman

Dale M. Bates, REHS

Vance E. Baucom

Dennis J. Bauer, REHS/RS

Frank L. Bedey, RS

Delbert Bell

John E. Benko

Anthony E. Bennett

Steve L. Berry, REHS, DAAS

Jackie L. Bethel, RS

Robert Bialas

Michael E. Bish

Robert P. Bishop

James J. Blaha, MS

Rob Blake, MPH, REHS

Lee A. Bland

James D. Blaylock, REHS

Arthur W. Bloom

Dean Bodager, RS, DAAS, MPA

James J. Boddy, RS

Patrick O. Bohan, MSEH, MS, PhD, RS

David W. Boone, REHS

Robert T. Bowland

James H. Bowles

Nancy Bowser

David C. Breeding, PhD

Steven M. Breithaupt, RS

Robert E. Brewster, RS, LEHP, MPA

Corwin D. Brown

Robert C. Brown

Albert H. Brunwasser

Jackson C. Burgess

Thomas J. Butts, MSc, REHS, RHSP

c
Alfred B. Caisse, RS

John T. Callen, RS

Dennis P. Campbell, RS, REHS

Dorothy A. Campbell, RS

Jennifer R. Campbell

Robert J. Canning, RS

Lawrence L. Carlson, RS

William T. Carlson, REHS

Gregory Carmichael

John W. Carr

Harold D. Carrasquillo

Enid L. Carruth

Franklin B. Carver

Karen A. Casale, REHS

Ofelia C. Cavazos-Edmondson

Paula J. Champagne

Bruce R. Chelikowsky

Vickie L. Church, MPA, REHS

Bruce Clabaugh, RS

Richard F. Clapp, RS

Kenneth A. Clare

Nancy M. Clark, REHS

John W. Clayton, RS

Gordon Clemans

C. Dee Clingman

Curtis Cloaninger

L. Darrell Cochran

Rodney L. Coker, RS

Troy Cole, RS

Dora M. Coleman

Gary E. Coleman, RS, DAAS, CP-FS

Gordon C. Coleman

Brian Collins, MS, REHS, DAAS

Daniel E. Collins

Gary A. Collins

William D. Compton, REHS

David R. Conrad, RS

Kenneth L. Conright, REHS

T he National Environmental Health Association (NEHA) thanks and honors the individuals listed below who have been members of the 
association for 25 years or longer. NEHA sincerely appreciates their commitment to the association and to the environmental health 

profession. NEHA asked a few of these members to describe the personal and professional benefi ts of their tenured membership with the association, 
as well as why they initially became a NEHA member. Quotes from these responses are sprinkled throughout the tribute.

ATribute
t o  O u r  25– Y e a r  M e m b e r s

“I became a member of NEHA 
for the goal of acquiring 
professional knowledge and 
networking with environmental 
health professionals nationally 
and internationally. My 
membership tenure with 
NEHA has exceeded my 
expectations. The Journal 
and AEC both provided venues 
and opportunities to interact 
with environmental health 
professionals from multiple 
professional disciplines and 
geographical locations. The 
professional interaction and 
networking through NEHA 
has greatly enhanced my 
professional knowledge and 
expertise and contributed 
immensely to my career 
with the Florida Department 
of Health.”
Dean Bodager, RS, DAAS, MPA
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ATribute Murray Cooper

Ralls M. Coston

Laurie A. Cotulla, RS

Stanley R. Cowan

Wayne T. Craney

Alan M. Croft, REHS

Catherine W. Cummings, REHS

d
John J. D’Agnese

Ralph J. D’Aries

John H. Dame, REHS

Bruce D. Dart, PhD

Trenton G. Davis

Edward A. Deep, RS

Richard L. Dees

Vincent DeFilippo

Joseph Del Ferro, RS

James E. Devore, REHS

Patricia Diamond

Thomas E. Dickey, REHS

James D. Dingman, REHS

Michael J. Diskin

June B. Donato

Henry A. Drake, RS

Vicki L. Drake

Bernard Alan Dreher

Thomas S. Dunlop, MPH, REHS

Richard W. Durrett, MPH, PhD, RS

e
Diane R. Eastman

Douglas J. Ebelherr

Fred Einerman, RS

Amer El-Ahraf

Terry L. Elichuk, RS

Brian P. Emanuel

William B. Emminger, Jr.

Cheryl L. Engelman

Russell E. Enscore

Christopher C. Etcheson, RS

Bruce M. Etchison, RS

Diane L. Evans

f
Donald T. Fanning

John W. Fee, III, RS

Sheila P. Ferrell, RS

Frank S. Ferro, RS, CP-FS

Albert L. Fishback, RS

Michael Fitzpatrick

Michael D. Flanagan, REHS

Raymond E. Ford

Morris V. Forsting, REHS/RS

Alain J. Fortier, CHMM, REHS

Thomas M. Frank, HO

Norman Franks, RS

Allen J. Frechette, RS

Peggy D. French, RS

Gerald C. Fuhrmann, RS

g
Frank A. Gabrian

Jeanne M. Galloway, REHS, 
MPA, CHO

Eugene K. Garland

Galen W. Garst, Jr., MS

G. David Ghesquiere

Craig D. Gilbertson, RS

Richard J. Gillaspy

Ginger L. Gist, PhD

Scott R. Golberg

Scott M. Golden, RS, MSEH

Francis J. Goldsmith, RS

Maurice Goldstein, RS

Frank C. Gomez

Eugene T. Goode

Larry J. Gordon, MS, MPH, DHL

Charles R. Gossett, RS

Harry E. Grenawitzke, Jr., RS, 
MPH, DAAS

Karen A. Griffi th, REHS

Ron L. Grimes, RS, MPH, DAAS

William Grizzle

Steven F. Grover, REHS

Paul E. Guenther, REHS/RS

John G. Gurrisi

John J. Guzewich, MPH

h
Earl E. Hallberg, Jr., RS

John M. Halliwill, REHS

Marlena M. Hamann, MS, REHS

D. Max W. Hamblin, REHS

Michael C. Hanika

Zachary J. Hansen, REHS

Daniel M. Harper, Sr.

Robert E. Harrington, MS, RS, DAAS

Barry S. Hartfi eld

Jack B. Hatlen, MS

Cheryl Hawkins

Cathy S. Hayden

William H. Hayes, Jr., LEHP

Robert S. Hays, REHS

Alan R. Heck, RS

Gregory M. Heck

Cory D. Hedman

Chris R. Helgesen

James R. Helmstetter, RS, MPA

Wendy W. Henderson, RS, REHS

William Michael Henderson

Charles W. Henry, Jr., RS

Donna K. Heran, REHS

Robert E. Herr

Michael E. Herring, REHS, MPH

Gary M. Hickman

Charles L. Higgins, REHS

John E. Hiramoto, REHS

Kirk B. Hodges, RS

Kenneth W. Hohe, MSEH

Steven P. Holderby, RS

Scott E. Holmes, REHS/RS

Randall C. Holveck, RS

Tim Honadel

Donald M. Horning, REHS/RS

Charles N. Howard, RS

J. Dale Hutto

i
William A. Iannucci, PhD, RS, DAAS

Nancy Ellis Ice, RS

j
William Jacovina

Glenn B. Joesten, RS

Donald A. Johnson

Jill A. Johnson, RS

Keith M. Johnson

Bruce A. Jones, RS

Horace E. Jones, Jr., REHS

Kimball E. Jones

Lisa M. Jones, RS

Robert W. Jue

Ernest M. Julian, PhD

k
Brian P. Kaiser, CSP, CHMM, RPIH

Samuel R. Kalafat

Richard Kebabjian

Frank E. Kellogg, RS, MPH

William M. Kelly

Mark A. Kelty, RS

  continued on page 58

“I joined NEHA as a student 
at Old Dominion University. 
I’ve retained my membership 
to keep the professional 
credentials and CEUs. The 
AEC is really fun to attend 
and provides an opportunity 
for learning new things 
and seeing old friends. I 
recommend NEHA to anyone 
who plans to have a career in 
environmental public health.”
Jeanne M. Galloway, REHS, 
MPA, CHO
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Joy Keniston-Longrie

Harvey D. Kern, MS, REHS

Patricia A. Kerst, REHS

Glen F. Kinney

Michael J. Kirby

Philip B. Kirkwood, Jr.

David C. Klusman

Alan D. Knapp, RS

Paul L. Knechtges, REHS

Phillip B. Kneller, REHS

Mel Knight, REHS

Sarah O. Knust

Christopher J. Knuth

Peter J. Kolodziej, RS

Herman Koren, REHS, MPH, HSD

Jerry E. Kral, RS

Daniel J. Kramer

Melvin N. Kramer, MPH, PhD,  
REHS/RS

Dennis K. Kroll

George A. Kupfer, RS, DAAS

l
James P. LaFleur, REHS/RS(E),  
CP-FS(E)

L. Charles Landman, Jr., RS

Bruce K. Lane

Jonathan Langer, RS

Roland Everett Langford, PhD

Oren L. Larson

John H. Laubach, RS

H. Harold Lehman

G. Michael Lein, RS

Mike A. Lester, RS

Dody E. LeSueur, RS

Michael A. Letry

Stephanie J. Levell

Allan R. Levesque, RQAP-GLP, REHS

Richard L. Licari, RS

Frank S. Lisella

David L. Litke, RS

Patricia A. Livingston

Percell Locklear

Gus T. Lopez

Charles K. Love, RS

Cherié L. Lowry, RS

David F. Ludwig, MPH

Ross D. Lytle, RS, MS

m
Scott L. Maass

Arthur N. Mabbett

Gloria T. Mackie

Kathleen MacVarish, RS/REHS

Heather L. Maio, REHS

Kathleen A. Mallet, CQA

Patrick J. Maloney, RS, CHO, MPAH

Richard D. Manney, REHS/RS

Boyd T. Marsh, RS

Kevin A. Marshall

Elizabeth K. Martin

Joseph H. Martin, RS

Thomas H. Martin

Delmer D. Matasovsky

Isao Matoi, RS

Jack W. Maybee, MSEH, REHS/RS

Collis G. Mayfield

Ann Mayo

Paul A. Mazzuchelli, REHS/RS

Larry D. McCall

Richard McCutcheon

Harold C. McDowell, RS

Anne Marie H. McKenzie

Scott A. McKenzie, MPA, REHS

Herman R. McKethan, RS, REHS, MS

David H. McMahon

David Z. McSwane, HSD

Stephen L. Melega

Raymond P. Merry, REHS

Mark Meske, RS

Nancy M. Meyer-Emerick, RS, PhD

Colette A. Michaletz

Edward Michalewicz

William R. Milardo, Jr.

John M. Milgrim, REHS

Wesley Mills

Donna Z. Miorandi

Peter M. Mirandi, RS, MPH

Richard W. Mitzelfelt

Gunilla A. Montgomery, MPH

John S. Moody, RS

Robert E. Moore, MPH

Wendell A. Moore, RS, REHS, DAAS

Michael C. Morehouse, RS

Monroe T. Morgan, MSPH, DrPH

Jay M. Morgenstern, REHS

John E. Morrell, PhD, REHS/RS, CHO

George A. Morris, RS

Clifford L. Moseley, CIH, REHS

James H. Moses, REHS/RS

Gene L. Mossing

Russ A. Mull

Bruce Murphy

Timothy J. Murphy, PhD, REHS

Claus Mygind, RS

Mary L. Myszka, RS

George M. Nakamura, REHS,  
MPA, DAAS

Evelyn D. Neavear

Robert R. Nelson, PhD

Edison E. Newman, RS

Gary P. Noonan, REHS

John P. Nordin, RS

John G. Norris, RS

Eric R. Nystuen

o
Stewart B. Oakes, CEHT

Robert L. Odette, REHS/RS, MSPH

Thomas E. Okoniewski

William A. Oleckno

Rudolph E. Ollanketo

Gerald V. Olson, RS

MaryAnn Orapello

Carl S. Osaki

Michael J. Ostasz, RS

Ronald J. Osterholm

Anthony Ovesney, Jr.

p
Bette J. Packer, REHS

Marco Palmeri, RS

Richard A. Pantages

Joseph Michael Parker, REHS

Dan L. Partridge, RS, MPH

Jon S. Peabody, RS

Rick Petersen, RS

Mark D. Petrillo

Edward A. Pfister, MSPH, REHS

James Michael Phillips

Douglas C. Pickup, CIH, REHS

James E. Pierce, REHS

Richard E. Pierce

Harvey Pine

Michael R. Plemons, RS

Mickey Plymale, RS

Thomas J. Pohlman, EHS

Matthew J. Powers

continued from page 57

“I initially became a 
NEHA member because 
I wanted a professional venue 
to exchange ideas regarding 
my chosen profession and 
contacts to continue a dialogue 
to grow the profession. My 
personal and professional 
benefits in being a NEHA 
member have been exposure 
to national and international 
leaders and their thoughts 
on how to apply solutions to 
environmental health problems 
we all face.” 
Stephen R. Tackitt, RS,  
MPH, DAAS

o
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Robert W. Powitz, PhD, MPH, RS, 
CP-FS

Lewis J. Pozzebon

r
Laura A. Rabb, REHS, CIH

Vincent J. Radke, MPH, RS, CP-FS, 
DAAS, CPH

Aminda Ramig

Edward H. Rau, RS, MS, CHSP

Preston R. Rea, RS

Thomas A. Reardon

Joseph Milton Reed, Jr.

Kent A. Rees, RS

Roger T. Reid

Michael L. Reiss, MPH, REHS/RS

David A. Renkoski, REHS

Scott M. Reynolds

Leonard F. Rice, RS

David E. Riggs, REHS/RS

Richard H. Rinaldi

Pat A. Risa, RS

Ingrid Ritchie

Janet E. Rittenhouse, RS

Marsha A. Robbins, RS, EHS, CP-FS

Reed S. Roberts

Richard L. Roberts, MPH

Welford C. Roberts, PhD, RS,  
REHS, DAAS

Perry L. Robinson, RS, REHS

Richard W. Robinson, REHS

Adam R. Rocke

Connie Rocke, REHS

David J. Rogers, REHS

Carol L. Rollins, RS

Stanley I. Rooker, RS/REHS

Paul Rosile, MPH, RS

R. Jeanne Rucker, REHS

s
Dennis A. Salmen, REHS

Richard Sanchez

Paul R. Sandoval, REHS

Dennis V. SanFilippo, RS

Eldon P. Savage

Paul J. Scaglione

Sue Scheurer

John E. Schillinger

Peter M. Schmitt

Garry M. Schneider

Tommye Schneider, RS

James W. Schothorst

Julia H. Schott

Bruce E. Schroer, RS

Ellen M. Schroth, RS

Lucy S. Schrum

Frederick Schumacher

Frank S. Sedzielarz, RS

Owen Seiver, PhD

Richard D. Setty, RS

Thomas B. Sexton, Jr.

Jon R. Shannon

Brian P. Sheehan, RS

Craig A. Shepherd

Richard A. Sherman

David P. Shuemaker

Loren W. Sibilla, RS, REHS, MPH

Franklin C. Smith, RS

Jeffrey J. Smith

Sharon L. Smith, RS

Thomas G. Smith

Marcia G. Snyder, REHS

James S. Spahr, MPH, RS

Will Spates

Vincent A. Spencer

Carl W. Stein

Elliot Stein

Grace E. Steinke, RS

John A. Steward, REHS, MPH

Howard M. Stiver, MPH

Allen J. Stroh

Laura Studevant, RS

Jennifer Lamb Sullivan, RS

Neil R. Swanson, RS

Mark D. Swartz

Robert J. Swensen, EHS

t
Stephen R. Tackitt, RS, MPH, DAAS

Craig P. Taft

Ryan Talken

Colin K. Thacker, RS-E

Dennis Thayer, RS

Peter D. Thornton, MPH, RS

Richard J. Thoune, RS, MS, MPH

John G. Todd, DrPH, RS

Leroy E. Todd

Donald T. Torres, RS

Tara N. Tradd

Charles Treser

Dale H. Treusdell, RS

Lisa S. Trujillo

Michael W. Tryon, RS

Lynn W. Tucker, RS

Earl E. Tuntland

u
Cynthia L. Ulch, RS

Gerald T. Ulleberg, REHS

v
Robert Vaccarella, RS

Ray A. Van Ostran

Steve Van Stockum

Kathleen W. Van Zile

Laura L. Vasile, MPH, RS

Leon F. Vinci, DHA, RS

Daniel R. Voss

w
Bailus Walker, Jr., PhD, MPH

Jerry D. Walker

Peter P. Wallis, REHS

Robert E. Walters

Steven J. Ward, MPH, REHS/RS

Thomas R. Ward

Michael D. Warren, RS

Robert B. Washam, RS, MPH

Rebecca M. Webb

Bernard S. Weintraub

Norman L. Weiss

Michael M. Welch

Susan L. Welch, CIH, CSP, RS

Daniel M. Wellington, REHS, CP-FS

Betty L. Wernette-Babian, RS

Ted R. Westmeier, RS

Richard H. Whelan

James F. White, RS

James M. White, Jr., RS/REHS

Stephanie Whitman

Chris J. Wiant, PhD

Christopher E. Wicker

Jeffrey P. Widmeyer

Stephen P. Wiener, RS

Douglas A. Wigle, Jr.

Bruce W. Wilson, REHS

Edward F. Wirtanen

Linden E. Witherell, PE

John D. Wollstein, RS

Wayne E. Wood, RS

John A. Wozniak, Jr., REHS

Jerry L. Wright

y
Larry D. Yates, REHS

Bruce C. York, REHS

C.L. Young, MEd

George G. Young, REHS

Melinda A. Young

Webster Young, Jr.

z
Brian J. Zamora

Richard L. Zipin

“NEHA is the number 
one environmental 
health organization in the 
entire world. I’ve been a 
dedicated member since 
1975 and during those 
years I have gained a 
wealth of knowledge from 
professionals with a common 
goal of improving health.” 
Anthony C. Aiken

r w
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NEHA NEWS

 Y O U R  ASSOCIATION NEHA MEMBERSHIP
WHAT DOES MEMBERSHIP IN THE NATIONAL ENVIRONMENTAL 

HEALTH ASSOCIATION OFFER YOU? 

As a member of the National Environmental Health Association (NEHA), you join 
over 4,500 environmental health and protection professionals from across the nation 

and around the world in the public and private sectors as well as academia and the 
uniformed services in the only association serving ALL of environmental health and 

protection and ONLY environmental health and protection!

A Free Subscription to the Esteemed Journal of 
Environmental Health
•  Find out why subscribers from around the world go to the Journal of 

Environmental Health (JEH) to stay current on the latest technological, 
legal, and research-based advancements in environmental health and 
protection. The JEH is an esteemed, peer-reviewed journal published ten 
times a year to keep you informed! 

•  NEW! Get an electronic copy of the JEH. Beginning with the November 
2013 issue, NEHA members will receive the JEH in an electronic format for 
free in addition to receiving it in print. 

Savings and Discounts
•  Receive big discounts on attendance to the NEHA Annual Educational 

Conference & Exhibition where you can acquire practical and real-world 
information, expertise, and training on a variety of environmental health 
topics and network with other professionals and experts in the � eld.

•  Get signi� cant discounts on credentialing fees as you look to advance 
yourself professionally by earning a credential offered by NEHA.

•  Receive discounts on more than 150 environmental health and 
protection publications available in NEHA’s online Bookstore!

Join/Renew Today at neha.org/member
NEHA is also working hard to bring you a membership that fi ts your particular wants and needs. We are working to evolve 

the NEHA membership options available to you including a multiyear dues option and the opportunity to receive an 
electronic version of the Journal of Environmental Health. Updates and information are available at neha.org.

Benefi ts of NEHA membership include:

Continuing Education
•  Maintain your NEHA credential(s) with access to free educational courses 

and continuing education credits through NEHA’s e-Learning site.

•  Study environmental health abroad through the NEHA/UL Sabbatical 
Exchange Program! 

•  Take advantage of unique training opportunities through NEHA 
workshops on topics such as indoor air quality, radon resistant new 
construction, and Epi-Ready at little or no cost!

My Name

Staff Profile: Jill Schnipke
I joined NEHA just over one year 
ago, but have been interested in 
environmental health since I was 
a kid playing in the creek! My dad 
introduced me to environmental 
health through a water quality study 
he was contributing to for the city of 
Lima, Ohio. I became his field sam-
pler and then synthesized the work 
into a project that I took to the state 
science fair. During my undergradu-

ate studies, I completed grant-funded summer research projects in 
both Ohio and Colorado. I earned my bachelor’s degree from Ohio 
Wesleyan University with majors in biology and environmental 
studies in 2002. 

Upon graduation, I worked at a local health department and earned 
my Ohio Registered Sanitarian credential. Then I moved to quality 
assurance in private industry for several years. My employers sup-
ported my involvement in several professional organizations, includ-
ing the Ohio Environmental Health Association’s Annual Educational 

Conference planning committee. I fulfilled my dream of moving to 
Denver and living the outdoor lifestyle in 2008, working with a cou-
ple of restaurant chains and food production companies. In 2010, I 
took a break from environmental health and spent nearly a year trav-
eling globally, which brought me great personal growth and gave me 
broader perspectives of our profession. During that time, I also com-
pleted personal development courses, applied to and then decided 
against graduate school, and became an aunt and a triathlete.

Now, as NEHA’s education coordinator, I really enjoy the cre-
ative process of generating a vision, outlining objectives, and clari-
fying ideas. It’s fun to be at the leading edge of what’s happening 
across the disciplines of environmental health and to work those 
things into the educational agenda of NEHA’s Annual Educational 
Conference (AEC) & Exhibition. The detail work of coordinating 
NEHA’s AEC is satisfying as well. Navigating mentally between the 
big picture and the details is challenging and exciting. The best 
part of the job is seeing the culmination of the work when the AEC 
comes to life! I am currently working with NEHA’s Technical Advi-
sors to develop educational content for the 2014 AEC taking place 
in Las Vegas. To see the abstracts being considered and provide 
your feedback, visit www.neha2014aec.blogspot.com/. 
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NEHA MEMBERSHIP
WHAT DOES MEMBERSHIP IN THE NATIONAL ENVIRONMENTAL 

HEALTH ASSOCIATION OFFER YOU? 

As a member of the National Environmental Health Association (NEHA), you join 
over 4,500 environmental health and protection professionals from across the nation 

and around the world in the public and private sectors as well as academia and the 
uniformed services in the only association serving ALL of environmental health and 

protection and ONLY environmental health and protection!

A Free Subscription to the Esteemed Journal of 
Environmental Health
•  Find out why subscribers from around the world go to the Journal of 

Environmental Health (JEH) to stay current on the latest technological, 
legal, and research-based advancements in environmental health and 
protection. The JEH is an esteemed, peer-reviewed journal published ten 
times a year to keep you informed! 

•  NEW! Get an electronic copy of the JEH. Beginning with the November 
2013 issue, NEHA members will receive the JEH in an electronic format for 
free in addition to receiving it in print. 

Savings and Discounts
•  Receive big discounts on attendance to the NEHA Annual Educational 

Conference & Exhibition where you can acquire practical and real-world 
information, expertise, and training on a variety of environmental health 
topics and network with other professionals and experts in the � eld.

•  Get signi� cant discounts on credentialing fees as you look to advance 
yourself professionally by earning a credential offered by NEHA.

•  Receive discounts on more than 150 environmental health and 
protection publications available in NEHA’s online Bookstore!

Join/Renew Today at neha.org/member
NEHA is also working hard to bring you a membership that fi ts your particular wants and needs. We are working to evolve 

the NEHA membership options available to you including a multiyear dues option and the opportunity to receive an 
electronic version of the Journal of Environmental Health. Updates and information are available at neha.org.

Benefi ts of NEHA membership include:

Continuing Education
•  Maintain your NEHA credential(s) with access to free educational courses 

and continuing education credits through NEHA’s e-Learning site.

•  Study environmental health abroad through the NEHA/UL Sabbatical 
Exchange Program! 

•  Take advantage of unique training opportunities through NEHA 
workshops on topics such as indoor air quality, radon resistant new 
construction, and Epi-Ready at little or no cost!

My Name
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 JULY 7-10, 2014 
BE THERE!

LAS VEGAS,
 NEVADA

78th Annual National Environmental Health Association (NEHA) 

 

Annual Educational Conference (AEC) & Exhibition in  
Partnership with the International Federation of 

Environmental Health (IFEH)

IN PARTNERSHIP WITH THE
IFEH 13TH WORLD CONGRESS

AEC
NEHA
78th

Check out this video from the 2013 AEC to 
see why you should attend the 2014 AEC!
For information about the AEC, visit neha2014aec.org.

ENHANCED FEATURE ACCESSIBLE THROUGH THE E-JOURNAL
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This award was established by NEHA’s board of directors to recognize a NEHA 
member or organization for creating a new idea, practice, or product that has 
had a positive impact on environmental health and the quality of life. Innovative 
change that promotes  
or improves environmental health protection is the foundation of this award. 

Environmental health professionals face the dilemma of finding and implementing 
new ways of doing business without sacrificing the quality of their environmental 
health programs. This annual award recognizes those who have made an 
innovative contribution to the field, as well as encourages others to search for 
creative solutions. Take this opportunity to submit a nomination to highlight the 
innovations being put into practice in the field of environmental health!

Nominations are due in the NEHA office by March 17, 2014.

For more information, please visit  
www.neha.org/about/awardinfo.html.
Nomination materials can be obtained  
by e-mailing Terry Osner at tosner@neha.org.

2
0

14 Environmental Health  
Innovation Award

This award was established by NEHA’s board of 
directors to recognize NEHA members, teams, 
or organizations for an outstanding educational 
contribution within the field of environmental health. 
This award provides a pathway for NEHA members and 
environmental health agencies to share creative methods 
and tools to educate one another and the public about 
environmental health principles and practices. Don’t miss 
this opportunity to submit a nomination to highlight the 
great works of your colleagues!

Nominations are due in the NEHA office by  
March 17, 2014.

2014 Educational  
Contribution Award

For more information, please visit www.neha.org/about/awardinfo.html.  
Nomination materials can be obtained by e-mailing Terry Osner at tosner@neha.org.
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MY NEHA:
YOUR KEY TO EASY PROFILE MANAGEMENT AND SELF-SERVICE ONLINE

Because of our growth, the National Environmental 
Health Association (NEHA) is implementing a 
new and more powerful system to manage data 
and operate the association. You, the NEHA 
members and customers, will benefi t greatly from 
this new system as it provides you with the ability 
to more easily manage your personal profi le and 
transactions with NEHA.

With just one login and password you will create 
your My NEHA profi le. Through this profi le you can 
easily manage your profi le and update your contact 
information, join NEHA as a member or renew 
a current membership, review your credentials 
and continuing education credit requirements, 
buy products, register for events, and review your 
purchase history!

My Transactions

Access Your Transaction History

•  View all of your transaction history within your pro� le 
whether it is products you’ve purchased, events 
you’ve attended, and/or memberships and credentials 
you hold  

•  Review invoices and pay any outstanding balances 
through the online store

•  Access receipts for previous purchases

My Contact Information
Easy Profi le Management and Self-Service

•  Change your pro� le password or request a new 
password in the event of a forgotten password 

• Update your contact information

•  Manage your e-mail preferences to receive e-mails 
only on the topics most important to you My Membership and My 

Professional Development
Manage Your Membership 
and Credentials
•  View your member record to see when your 

membership expires and automatically 
renew online 

•  View your credential record to see your 
credential number, expiration date, and 
other pertinent information related to each 
credential you hold

•  Review your continuing education credit 
submissions to see which were approved/
rejected, how many credits were applied, and 
to which credential the credits were applied

•  Access receipts for previous purchases

Questions? 
Visit neha.org for an introductory video to My NEHA or call us at 303-756-9090.

Visit neha.org to create your My NEHA profi le.

Shop Online 
• Purchase your conference registration 

•  Purchase membership, books, and more 

•  Handle open orders, invoices, and other transactions

•  Receive a receipt automatically via e-mail for your 
purchases

My Name

My NEHA

 Y O U R  ASSOCIATION

2014Walter S. Mangold 
Award

The Walter S. Mangold Award recognizes an 
individual for extraordinary achievement in 
environmental health.  Since 1956, this award 
acknowledges the brightest and the best in 
the profession.  NEHA is currently accepting 
nominations for this award by an affiliate or  
by any five NEHA members, regardless of  
their affiliation.

The Mangold is NEHA’s most prestigious award 
and while it recognizes an individual, it also honors 
an entire profession for its skill, knowledge, and 
commitment to public health. 

Nominations are due in the NEHA office by Monday, 
March 17, 2014. 

A C C E P T I N G  N O M I N A T I O N S  N O W

For information, please visit www.neha.org/about/awardinfo.html. Nomination materials can be obtained  
by e-mailing Terry Osner at tosner@neha.org.

NEHA offers wide-ranging opportunities for professional 
growth and the exchange of valuable information on 
the international level through its longtime Sabbatical 

Exchange Program. The sabbatical may be taken in England, 
in cooperation with the Chartered Institute of Environmental 
Health (CIEH), or in Canada, in cooperation with the Canadian 
Institute of Public Health Inspectors (CIPHI). The sabbatical 
lasts from two to four weeks, as determined by the recipient. 
The exchange ambassador will receive up to $4,000 as a 
stipend, depending on the length of the sabbatical, and up to 
$1,000 for roundtrip transportation. 

The application deadline is March 3, 2014. Winners will 
be announced at the NEHA 2014 Annual Educational 
Conference & Exhibition in Las Vegas, Nevada, in July 2014. 
The sabbatical must be completed between August 1, 2014, 
and June 1, 2015.

For more information, contact Terry Osner  
at tosner@neha.org.

To access the online application, visit  
www.neha.org/about/awardinfo.html.
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 continued on page 49

A fter more twists and turns than a For-
mula One Grand Prix, it gives NEHA, 
the NEHA staff, the NEHA board, 

and me great pleasure to fi nally announce 
that the “E”-Journal of Environmental Health 
is fi nally here!

Starting with this, the November issue, 
every NEHA member will now receive, in 
addition to their print Journal, an electronic 
version of the same.

As many of you know, we have been endur-
ing the process of transitioning to a new 
association management system, all for the 
purpose of having more capability with our 
records and data and for making the NEHA 
experience richer for the NEHA member. This 
transition hasn’t been easy. It has also caused 
us to delay making this announcement.

Notwithstanding the ups and downs of 
this process and the delays to the best-laid 
plans we’ve had, we’ve now made it to the 
point where we can fi nally offer the NEHA 
membership a full Journal in an electronic 
mode. This represents yet another mile-
stone in NEHA’s ongoing efforts to be a 
contemporary association of ever-increas-
ing value to the NEHA member and even 
the full profession.

The original plan for the E-Journal was to 
embed it in yet another initiative: a multiyear 
membership program. While that remains the 
overall plan (target implementation date is 
one year from now), we decided that it would 
be a greater benefi t to the NEHA member to 
fi rst have the opportunity to experience both 
the print edition as well as the E-Journal … 
and at no additional cost. In that way, when 
the day comes when we ask you to choose 

between the three options of 1) print Jour-
nal only, 2) E-Journal only, or 3) both, you 
will have a much better base of experience to 
draw from in making your decision. We felt 
that by proceeding with this special one-year 
“get acquainted with the E-Journal program,” 
we were being more respectful of you and the 
need for you to have the time to decide what 
your preference will be.   

In opening up this new member benefi t, 
we’re also tapping into the latest in e-book 
technology. As we gain experience with using 
this technology, we even look to include 
video in the E-Journal experience. 

We’re also excited about the prospect of 
how the environmental health supplier com-
munity can use this technology to showcase 

what products and services are available to 
you, the environmental health practitioner.

On yet another front, we’ve been prepar-
ing for this day for some time. Accordingly, 
we have converted the past two years of the 
Journal into an e-product. If you wish to fi nd 
material in an e-format that was published 
over the past two years, you now have the 
capability of doing that through the NEHA 
Web site.

The availability of the E-Journal is also a 
boon to our growing efforts to better inte-
grate with the international community of 
environmental health professionals. By hav-
ing access to such a product, many colleagues 
in other countries around the world will have 
a substantially easier experience in using 
what we regard to be one of the most valuable 
educational resources for the environmental 
health community in the world.

This initiative also ties into the work we 
are doing to connect more deeply to the 
international community through the joint 
annual conference (with the International 
Federation of Environmental Health) that 
we will be conducting this coming July in 
Las Vegas.

We all experience e-mail issues, so to help 
ensure that your E-Journal will reach you 
upon delivery, we’d like to ask you to take a 
couple of simple steps: 1) add staff@neha.org 
to your “safe senders” list to help prevent the 
E-Journal from going into your spam folder, 
and 2) ensure that NEHA has an e-mail 
address for you on fi le and that it is correct. If 
we do not have your correct e-mail address, 
then we will continue to serve you with only 

The NEHA E-Journal Is Here!

Nelson Fabian, MS

 MANAGING EDITOR’S DESK
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Starting with this, 
the November 

issue, every NEHA 
member will 
now receive, 

in addition to their 
print Journal, 

an electronic version 
of the same.
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www.healthspace.com

HealthSpace EnviroIntel Manager 
provides the busy professional with 

Intelligence and the ability to get 
more done with less work.HealthSpace provides data and communication management systems for Envi-

ronmental and Public Health organizations across North America. HealthSpace 
EnviroIntel Manager is a proprietary system with design architecture that makes 
it easy to configure to meet the needs of the organization. 

For more information please visit us at:

8 good reasons why your department  
                    should consider HealthSpace.

HealthSpace  
is the safe and  

affordable  
choice

1  Serving Environmental Health Departments since 1998

3    Retained every client department since  
inception (No one has ever left)

5    Leader in mobile inspection and  
iPad technology

7    Verifiable reputation  
for responsive and  
effective service

2           More state-wide systems deployed than any other company 
in the field

4     Knowledgeable staff with years and  
years of environmental health experience

6     Scalable pricing formula making 
HealthSpace affordable for small 
county health departments

8     Configurable systems to match 
your organization’s workflow 
and business rules

Verifiable reputation 
for responsive and  
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