
Jo
u

rn
a

l o
f E

n
v

iro
n

m
e

n
ta

l H
e

a
lth

  Special C
om

pendium
 Issue 

Volum
e 76, No. 6  January/February 2014

JEH1-2.14_PRINT.indd   1 12/6/13   4:26 PM

JOURNAL OF

tw
e

lv
e

 d
o

ll
a

rsEnvironmental Health

Published by the National Environmental Health Association www.neha.org

Dedicated to the advancement of the environmental health professional Volume 76, No. 6  January/February 2014

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:

Your public wants to engage and seek information. They use  
search engines and social media to get to places that interest them. 
Accessibility and content provides the incentive to go back again and again.  
Every time they reach you, they “touch” your organization.

Health Departments across North America use HealthSpace to collect data, manage the inspection and 

regulatory process and report information.

A key role is also to inform the public

HEALTHSPACE maintains public access web sites on behalf of Health Departments  

so that restaurant inspections can be viewed by the public in addition to other  

facilities the Department deems to be in the public interest.

The public can access this information through a  

web browser, tablet or smart phone on HEALTHSPACE’S  
advanced network system.

QR codes can even be posted where the last inspection  

report can be retrieved on a smart phone by simply  

scanning the QR code.

Fully secure and accessible 24/7

Public safety is your primary concern.  
The general public wants to know.

Public access to information gives your organization relevance  

and visibility in the eyes of the taxpayer.

www.healthspace.com

HEALTHSPACE helps your Department to

 to go back again and again. 

 Department to
Call today at 

1.866.860.4224
for a demo

put “the Public” back into Public Health

JEH1-2.14_PRINT.indd   196 12/6/13   4:27 PM



UL-NEHA_11-2013.indd   1 11/21/13   10:47 AMJEH1-2.14_PRINT.indd   2 12/6/13   4:26 PM

questions?

who can i contact 

for online 

food 
safety courses?

what 
is the process  
for field evaluation 

of equipment?

how can i tell if a 
product has been

evaluated for 
sanitation?

where can i
find information about 
environmental-related

claims?

why do water  

samples  
have such a  
short shipping

window? 

claims?

connect with the experts.
No matter the question, trust UL to help you find the right answer.  
Our experienced team is dedicated to providing the technical support  
you need to ensure safe, code-compliant installations.    

UL and the UL logo are trademarks of UL LLC © 2013    BDi 21112 NEAH 11-13

ul.com/coderesource or call 800.595.9844

when do 
the new federal lead  
law requirements take 

effect?

 

Decade provides solutions that empower organizations just like yours.

Building Capacity is a partnership designed to help 
professionals confront the changing demands of 
environmental health across the nation.

To learn how NEHA and Decade are working together 
to increase the sophistication of the environmental 
workforce visit us online or call 800.233.9847.

www.decadesoftware.com

It’s 
about 
time.®

Build Capacity.
Elevate Performance.

JEH1-2.14_PRINT.indd   195 12/6/13   4:27 PM



January/February 2014 • Journal of Environmental Health 3

questions?

who can i contact 

for online 

food 
safety courses?

what 
is the process  
for field evaluation 

of equipment?

how can i tell if a 
product has been

evaluated for 
sanitation?

where can i
find information about 
environmental-related

claims?

why do water  

samples  
have such a  
short shipping

window? 

connect with the experts.
No matter the question, trust UL to help you find the right answer.  
Our experienced team is dedicated to providing the technical support  
you need to ensure safe, code-compliant installations.    

ul.com/coderesource or call 800.595.9844

when do 
the new federal lead  
law requirements take 

effect?

UL-NEHA_11-2013.indd   1 11/21/13   10:47 AM

JOURNAL OF

Environmental Health
ADVANCEMENT OF THE SCIENCE
Asthma Prevalence and Risk Factor Assessment of an Underserved 
and Primarily Latino Child Population in Colorado ......................................................................8

Effects of Centralized and Onsite Wastewater Treatment on the Occurrence 
of Traditional and Emerging Contaminants in Streams ...............................................................18

Fate and Transport of Phosphate From an Onsite Wastewater System 
in Beaufort County, North Carolina .............................................................................................28

Place-Based Exposure and Cataract Risk in the Beaver Dam Cohort ...........................................34

Residential Radon Testing Intentions, Perceived Radon Severity, and Tobacco Use ....................42

International Perspectives: Correlation of Arsenic Exposure Through Drinking 
Groundwater and Urinary Arsenic Excretion Among Adults in Pakistan .........................................48

International Perspectives: Risk Assessment of Heavy Metals in Shellfi sh for the Population 
in Nha Trang City, Vietnam ............................................................................................................56

Guest Commentary/International Perspectives: A Negative Correlation Between 
Dengue and Bushfi res in Brazil ......................................................................................................66

International Perspectives: Effectiveness and Acceptance of Total Release Insecticidal 
Aerosol Cans as a Control Measure in Reducing Dengue Vectors .....................................................68

International Perspectives: Acute Air Pollution–Related Symptoms Among Residents 
in Chiang Mai, Thailand ................................................................................................................76

Spatial Variation in Ambient Benzene Concentrations Over a City Park .....................................86

Transport of E. coli in a Sandy Soil as Impacted by Depth to Water Table ..................................92

International Perspectives: Fecal Contamination of Food, Water, Hands, and Kitchen 
Utensils at the Household Level in Rural Areas of Peru .................................................................102

International Perspectives: Assessment of Nonzoonotic Soil-Transmitted Helminth 
Levels in Soils in Yenagoa Metropolis, Niger Delta .......................................................................108

International Perspectives: Risk Assessment of Rooftop-Collected Rainwater for 
Individual Household and Community Use in Central Kerala, India .............................................114

Concentration Gradient Patterns of Traffi c and Non-Traffi c-Generated Fine 
and Coarse Aerosol Particles ......................................................................................................122

Environmental Toxicity and Poor Cognitive Outcomes in Children and Adults.......................130

Guest Commentary: The Cell Phone Problem/Solution ................................................................140

International Perspectives: Geochemical Correlates to Type 1 Diabetes Incidence 
in Southeast Sweden: An Environmental Impact? ..........................................................................146

Dual Home Screening and Tailored Environmental Feedback to Reduce Radon 
and Secondhand Smoke: An Exploratory Study ........................................................................156

International Perspectives: Urinary Metabolites of DEET After Dermal Application 
on Child and Adult Subjects .........................................................................................................162

Dedicated to the advancement of the environmental health professional Volume 76, No. 6  January/February 2014

 This special 
compendium 
issue of the JEH 
encompasses 
articles from all 
over the world. 
From the effects 
of asbestos-
containing 
materials after 

a tidal surge in Australia, to the correla-
tion between dengue and bushfi res in 
Brazil, to the risks associated with heavy 
metals in shellfi sh in Vietnam, this issue 
demonstrates that environmental health 
is truly an international concern. The JEH 
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Alicia Enriquez Collins, 
REHS

Limbo: Straddling the 
Present and Future

 PRESIDENT’S MESSAGE

Attracting younger 
professionals 

to join our 
environmental 

health associations 
and become part 
of our cause is 

our responsibility.

We are about to witness a tectonic 
shift in our profession. Within 
the next couple of years, the 

baby boomers employed in the environ-
mental health fi eld will be outnumbered by 
Generation X and Generation Y (also known 
as “millennials”). This realization should 
prompt us to examine the evolution of our 
profession, our mission, and how our profes-
sional association is meeting the needs of the 
millennials who are about to dominate the 
environmental health workforce.

This shift causes me to refl ect upon how 
our personal and professional lives have 
been impacted by technological advances of 
the past and present and how our paradigms 
will be affected by the changes the future will 
surely bring. To remain current in our profes-
sion, we fi nd ourselves having to adapt rap-
idly to the changes around us—something 
most of us are already accustomed to doing. 
For instance, depending on your generation, 
you may remember a time before 
• debit cards;
• laptop and tablet computers;
• thermocouples;
• e-mail, conference calls, and video 

conferences;
• cellular phones, text messaging, and 

smart phones; and
• social media.

The changes happening in our workforce 
and professional associations were recently 
well articulated by this year’s Florida Envi-
ronmental Health Association (FEHA) Presi-
dent Robert Maglievaz in his presidential 
address at FEHA’s annual conference. Like 
NEHA and many other organizations, FEHA 

fi nds its organization in a period of transi-
tion. Many of their members are retiring and 
the incoming generations are not replacing 
the outgoing members. Attracting younger 
professionals to join our environmen-
tal health associations and become part of 
our cause is our responsibility. If we do not 
take action to preserve our professional asso-
ciations that support our fi eld of practice 
and our continuing education, we are at 
risk of being witness to the fading of more 
programs and lack of support for our envi-
ronmental health workforce. How will this 
impact our association world and our envi-
ronmental health functions within our com-
munities? The generational transition is very 
real and is impacting our affi liate organiza-
tions. The FEHA president’s efforts to outline 

their current struggles and rally the member-
ship are to be commended. I hope you will 
also appreciate and relate to Mr. Maglievaz’s 
presentation excerpted below. 

Connecting the Future 
One Dot at a Time 
by Robert Maglievaz, 2013–2014 FEHA 
president (Presented at the 2013 FEHA 
annual conference, September 2013)

Autumn is a time for refl ection upon 
the change happening around us and 
there has been no shortage of it within 
our organization. A combination of eco-
nomics, demographics, societal shifts, 
and technological change has forced our 
organization to alter the way we have 
always done things … and change is 
never easy. So we refl ect upon the organi-
zation we once were and doors that have 
closed behind us. We lament over the 
things we left behind in the process and 
worry about what the future might bring.

Alexander Graham Bell once said, 
“We often look so long and so regret-
fully upon the closed door that we do 
not see the one which has opened for 
us.” I ask our members to consider the 
possibility that Alexander Graham Bell 
may have been right … that we need 
to stop focusing on the closed ones 
and instead notice the doors opening 
up around us, the doors leading us to 
new opportunities that could make 
our association better, stronger, and 
take us to a more relevant place than 
we fi nd ourselves today.

JEH1-2.14_PRINT.indd   6 12/6/13   4:26 PM
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Connecting Dots 
Getting to that place is not always 
obvious. It sometimes requires a “con-
necting of the dots” before the true 
picture of the future emerges. The 
problem is, as Steve Jobs once said, 
“You can’t connect the dots looking 
forward; you can only connect them 
looking backwards. So you have to 
trust that the dots will somehow con-
nect in the future.” I think that was 
the secret to his success … when a 
door opened to a new opportunity, he 
somehow knew how to read all those 
dots and piece them together to form 
the “big picture.” I think this analogy 
applies to the future of our associa-
tion. These newly opened doors have 
revealed a lot of dots to us … dots that 
we must somehow start to connect 
in order to form the picture of our 
future. I’d like to share my perspec-
tives and discuss the dots and how I 
see them connecting for our future.

A Dot in Time—January 1, 2011 
One of the first dots that I see is Janu-
ary 1, 2011. Why is this date impor-
tant? On this day, the largest turnover 
of human capital in American history 
commenced when members of the baby 
boom generation reached 65. Each day 
afterward, another 10,000 baby boom-
ers reached retirement age. I believe it 
is no coincidence that our membership 
began dropping around this date.

Young People Just Don’t Care?
Consider the statement, “Millennials 
only want to work eight hours whilte 
they look for a better opportunity.” If 
this is true, then why are thousands of 
young people appearing at events such 
as Occupy Wall Street and how did 
somebody convince all these millenni-
als to care? Clearly there must be a dis-
connect here, because the research says 
young people do care … and the ones 
going into the environmental health 
profession really do care about environ-
mental health issues and they really do 
want to be involved. The research tells 
us the disconnect is how we expect 
them to plug in. We expect them to be 
just like baby boomers and they are not. 

So the next dot connection we must 
figure out is how to build the plug and 
where to put the outlets in order for 
our new generation of environmental 
health professionals to plug into our 
organization and get them involved. 
Limited leave, tight economic times, 
and increased workloads also make it 
difficult for them to attend an annual 
educational conference on their own 
time and dollar. 

According to the research, millen-
nials really want to become part of a 
community that supports causes they 
can identify with, a community that 
offers connections to others within the 
profession, and a virtual infrastruc-
ture through which they can rapidly 
plug into to make these connections 
from the comfort of their home or 
office. So building an infrastructure 
that can support that virtual envi-
ronmental health community are the 
next dots we must connect.

We Need a Cause
What better cause could we adopt than 
fighting for the respect and salaries of 
these new people coming into our pro-
fession and supporting them as they 
move through their careers? Building 
that respect, supporting our own, and 
promoting environmental health in 
our communities are all causes that 
will attract millennials to our ranks. 

A Better Future
One hundred and fifty years ago, for 
every person who died of old age, eight 
more died from environmental-associ-
ated diseases. It was through the com-
mitment and diligence of those who 
came before us that we now all enjoy 
the possibility of living to old age.

This is no time to rest on the laurels 
of our past. This is no time to wallow 
in the trial and tribulations of our cur-
rent circumstances or to allow pessi-
mism and pragmatism to keep us on 
the plateau of the present. I have come 
to you to remind you of the urgency 
of NOW and why an organization like 
FEHA is important to us all. This is the 
time for a new beginning, a beginning 
that could eventually unite the profes-

sionals in our environmental health 
programs and make them stronger 
and more effective. I challenge you to 
rediscover the spirit of urgency and 
purpose that was present when the 
environmental health profession was 
created. Now is the time for us to make 
the commitment to be involved and 
take the journey together. 

Moving Toward the Future
The challenge is identifying and connect-
ing with younger professionals using dif-
ferent approaches and technologies. NEHA 
is addressing this challenge by expand-
ing our student mentorship program. We 
have the opportunity to hear directly from 
graduating environmental health students 
now entering the profession. NEHA has 
also been working diligently to incorporate 
practices that are more appealing and condu-
cive to learning for our incoming workforce. 
Some examples of recent changes within 
NEHA include 1) e-Learning opportuni-
ties online, 2) learning laboratory formats 
for our conferences, 3) virtual conferences 
where participants can tune in remotely 
either live or at a later time, 4) E-News pub-
lications one to two times per month, 5) 
release of an E-Journal last month, 6) e-mail 
blasts for quick dissemination of informa-
tion, 7) development of an electronic com-
munication tool for information exchange 
between affiliate presidents, 8) e-commerce, 
9) creation of environmental health blogs, 
and 10) community outreach efforts at 
annual conferences.

At our upcoming 2014 Annual Educa-
tional Conference & Exhibition in Las 
Vegas, Nevada, our meeting with affiliate 
presidents will focus on the technological 
and generational transition. We will strive 
to do more, are open to your ideas, and will 
engage in further exchange with our affili-
ates. Please feel free to contact me by e-mail 
or contact your NEHA regional vice presi-
dent (see listing on page 186) if you have 
any thoughts on taking proactive measures 
during this time of rapid transition. 
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Asthma Prevalence and Risk  
Factor Assessment of an 
Underserved and Primarily Latino 
Child Population in Colorado

Abst ract  Asthma is a substantial public health burden among 

children. Disease and risk-factor discrepancies have been identified among 

racial, ethnic, and socioeconomic groups. At a rural health clinic (Salud 

Family Health Center) with primarily underserved and Latino patients in 

Colorado, the authors evaluated 250 medical records and administered 

57 parental surveys to describe this population with respect to asthma 

diagnosis, asthma-like symptoms, and environmental/occupational risk 

factors among children. Wheeze and asthma were indicated in 9.7% 

and 8.9% of medical records, respectively. Twenty parents (35.7%) 

reported in a questionnaire that their child had experienced wheezing 

or whistling in the chest. Parents reported that children play in farming 

fields (21.8%) and feed livestock/animals (10.9%). Additionally, 13.2% 

and 9.4% of children have a household member who works around 

livestock or around grain, feed, or dust, respectively. Information from 

the Salud population can be used to develop larger-scale research and 

public health initiatives to eliminate health and risk factor disparities 

among underserved children.

Introduction
In the U.S., the percentage of children who 
are Hispanic has grown faster than any 
other racial or ethnic group (Federal Inter-
agency Forum on Child and Family Statis-
tics, 2009). In 2008, 22% of U.S. children 
were Hispanic, an increase from 9% in 1980 
(Federal Interagency Forum on Child and 
Family Statistics, 2009). In 2004, Latinos 
represented 19.2% of the Colorado popula-
tion (U.S. Census Bureau, 2004a), increas-
ing from the 17.1% identified in the 2000 
Census (U.S. Census Bureau, 2004b). 

While Latinos represent the largest 
demographic group among U.S. children, 
the group is not ethnically homogeneous 
(Choudhry et al., 2007). Genetic, socio-
economic, educational, and demographic 
variation within and among Latino ethnic 
groups provides a unique opportunity to 
examine the impacts of race, genetics, cul-
ture, and environment on complex diseases, 
such as asthma (Choudhry et al., 2007). 
Asthma, a chronic inflammatory disorder of 
the airways characterized by episodic and 
reversible airflow obstruction and airway 

hyperresponsiveness, is experienced dis-
proportionately among certain racial, eth-
nic, and socioeconomic groups. For exam-
ple, asthma prevalence was 120% higher 
in Puerto Rican children, 60% higher in 
African-American children, and 25% higher 
in Native American children as compared to 
non-Latino white children (Gold & Wright, 
2005). Additionally, those below the fed-
eral poverty level had higher asthma rates 
(10.3%) compared with those at or above 
the poverty level (6.4% to 7.9%) (Moorman 
et al., 2007). 

Analysis of national data reveals that 
Latino asthma prevalence has increased 
over time (Flores & Committee on Pediat-
ric Research, 2010). Other asthma-related 
disparities experienced disproportionately 
by Latinos include emergency department 
and urgent care visits; hospitalizations; 
activity limitations; a higher potential 
asthma burden (diagnosed plus undi-
agnosed asthma); lower use of asthma 
medications; and among Mexican-Amer-
icans, higher odds of cockroach and dust 
mite allergen sensitivity (Flores & Com-
mittee on Pediatric Research, 2010). The 
asthma discrepancies among different 
Latino ethnic groups, as well as the lack 
of research conducted among these popu-
lations, has led the American Academy 
of Pediatrics to identify asthma among 
Latinos as an urgent priority for future 
research (Choudhry et al., 2007). 

Challenges remain in understanding 
chronic health conditions potentially asso-
ciated with disparities involving occupa-
tion, environment, economics, education, 

6 tables, 0 figure

JEH1-2.14_PRINT.indd   8 12/6/13   4:26 PM



 January/February 2014 • Journal of Environmental Health 9

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

culture, language, and immigration status 
(Flores et al., 2002). In the U.S., farm 
workers continue to be one of the most 
impoverished and underserved popula-
tions (Heuer, Hess, & Batson, 2006) and 
greater attention has recently been focused 
on agricultural-related illness among chil-
dren living and working on farms (Park 
et al., 2003). The majority of jobs in rural 
areas of Colorado are agricultural. Eliminat-
ing disparities will require the development 
of longitudinal epidemiologic research that 
can be translated into culturally appropriate 
public health initiatives. 

For our pilot study, we partnered with 
the Salud Family Health Center (Salud), 
an organization providing health care to 
underserved and primarily Latino popula-
tions (approximately 64% of Salud clients 
are Latino), in order to evaluate two dif-
ferent methods of data acquisition. Using 
medical record abstraction, we charac-
terized the Salud child population with 
respect to asthma and risk factors thought 
to adversely affect Latino populations. In 
addition, we assessed, via parental ques-
tionnaire, the prevalence of environmental 
and occupational risk factors also dispro-
portionately affecting Latino popula-
tions in this area of Colorado. Latinos are 

frequently not included in child health 
research (Flores et al., 2002). Therefore it 
is critical to identify research questions for 
future larger-scale research initiatives aimed 
at evaluating potential environmental and 
occupational risk factors (either directly 
to the children themselves or indirectly via 
exposures from the parents) and eliminat-
ing health disparities among underserved 
children in Colorado. 

Methods and Data Analysis

Study Population
The study population consisted of child 
patients at the Salud clinic in Fort Lup-
ton, Colorado. Fort Lupton has an esti-
mated population of 7,620 and is located 
in a rural area of Colorado, approximately 
20–30 miles northeast of Denver. About 6% 
of Salud clients have private insurance, 4% 
qualify for Medicare, and 25% receive Med-
icaid; the remaining 65% have no significant 
third-payer source. Salud serves all commu-
nity members; however, low-income medi-
cally underserved populations and migrant/
seasonal farmworker populations are the 
priority clientele. In addition, Salud does 
not refuse patients based on insurance cov-
erage or ability to pay. 

A random sample of 250 records for 
children aged 5–12 years was created from 
a database of billing records from Septem-
ber 2007 through August 2008 in order 
to perform the medical record abstrac-
tion (described below). A total of 7,013 
visits (2,671 unique patients) occurred 
during this time period for children aged 
0–19 years. There were 2,099 total visits 
(984 unique patients) among children 
aged 5–12 years. In addition to the medi-
cal record abstraction, a convenience sam-
ple of 57 parents of children visiting the 
clinic from January through May 2009 
was identified to participate in a respira-
tory health and environmental exposures 
questionnaire (described below). All study 
procedures were approved by Colorado 
State University institutional review board 
and by Salud.

Medical Record Abstraction
Medical records were reviewed in order 
to ascertain the types of data available to 
researchers for larger scale studies in this 
population. Based on this review, a data-
base for the medical record abstraction, 
designed to describe the population in 
terms of demographics, anthropometrics, 
and health was created. Additional surveys 
were located within a subset of the medical 
records and included information on poten-
tial indicators of environmental or occupa-
tional-related exposures. Records included 
files from the entirety of the patient’s tenure 
at Salud; therefore, visits occurring during 
younger ages were also assessed. Variables 
abstracted included address, work in agri-
cultural fields (child and/or family), occu-
pancy in public housing, migrant status, 
ethnicity, family size, primary language, 
annual family income, country of birth, sex, 
date of birth, insurance provider, term birth 
status, presence of an asthma diagnosis, any 
indication of a wheezing symptom, diabe-
tes, environmental tobacco smoke, height/
weight (from routine well-child reports), 
and dates for diseases/symptoms. A random 
sample of 250 charts among the 5–12 year 
age group was abstracted. 

Questionnaire Development  
and Administration
The questionnaire was developed to incor-
porate two previously validated surveys: the 

Height and Weight by Age Category as Recorded on the Well-Child 
Checkup Forms in the Salud Family Health Center Medical Charts

Categorya # Mean Standard 
Deviation

Minimum Median Maximum

3-year well-child checkup
Height 118 40.5 2.3 35.0 40.8 46.0
Weight 119 36.7 5.3 25.0 36.8 51.0

5-year well-child checkup
Height 90 44.9 2.8 36.0 45.0 51.5
Weight 95 46.7 9.5 31.0 45.0 82.0

7-year well-child checkup
Height 51 51.1 4.0 44.1 51.0 60.0
Weight 52 67.5 21.3 42.0 63.0 141.0

11-year well-child checkup
Height 21 58.2 5.2 47.5 58.0 65.5
Weight 24 99.8 28.2 50.0 99.0 156.0

Note. Same child could be represented in multiple well-child checkups. 
aHeight in inches and weight in pounds.

TABLE 1
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International Study of Asthma and Allergies 
in Childhood (Asher et al., 1995) and the 
Keokuk County Rural Health Study, which 
evaluated exposures in rural Iowa children 
(Merchant et al., 2005; Park et al., 2003); 
additional questions appropriate for this 
population were identified through meet-
ings with Salud personnel. The question-
naire was designed to obtain information 
about the prevalence of diagnosed asthma 
(“Has your child ever had asthma?”) and 
undiagnosed asthma (via symptoms assess-
ment that included a detailed module on 
wheeze); prevalence of potential risk fac-
tors for childhood asthma, such as occu-
pational and environmental exposures to 
pollutants (including occupation, parental 
occupation, rural versus urban residence, 
truck traffic, and questions regarding hous-
ing quality), and obesity; as well as age, gen-
der, race, ethnicity, and education level of 
the mother and father. Questionnaires were 
adapted and translated into Spanish. Salud 
staff administered questionnaires in person 
in English or Spanish (depending on par-
ticipant preference) from January 15, 2009, 
through May 28, 2009. All respondents 
provided informed consent. A limitation 
of these methods is that the sample of 57 
parents surveyed represents a convenience 
sample selected based on Salud staff and 
patient availability. Because of the timing 
and logistical constraints of attempting to 
administer a survey between patient check-
in and contact with the physician, many 
surveys were not fully completed.

Data Analysis
Descriptive frequencies and prevalence of 
asthma, adverse respiratory symptoms, and 
demographic, environmental, and occupa-
tional risk factors were calculated for the 
sample population (from medical records 
and questionnaire data). Analyses to com-
pare asthma and risk factor prevalence 
across data source types were deemed inap-
propriate due to the logistical difficulties of 
administering the complete parental survey 
to a representative population. We obtained 
only a small number of participants with 
both a completed questionnaire and a 
reviewed chart (n = 13; among the 13 chil-
dren, only one had an indication of asthma 
diagnosis and this was indicated on both 
the questionnaire and the chart review). 

Results

Medical Records
Demographic characteristics collected 
and maintained in the charts are pre-
sented in Tables 1 and 2. The Salud clinic 
maintained charts for well-child checkups 
for infants and children aged 3, 5, 7, and 11 
years. Height and weight were abstracted 
(Table 1). Means are not independent 
across age categories as the same child 
was likely represented in several age cat-
egories while a patient at the Salud clinic. 
Hispanic ethnicity was reported by 81.3% 
of the population (Table 2). Twelve (10.8%) 
parents reported having a family member 
who worked in the agricultural fields in the 
past 24 months, and migrant or seasonal 
status was reported by 5.2% and 6.3% of the 
population, respectively (Table 2). Only 11 

charts included a reference to environmental 
tobacco smoke (seven with reported expo-
sure and four without); therefore, the assess-
ment of this factor via medical chart is likely 
not useful. Reported annual incomes ranged 
from $0–$54,852. For a family of three 
(n = 29), the mean income was $14,459 
(SD =  $8,240) and for a family of seven 
(n = 10), the mean income was $27,978 
(SD = $9,598). Wheeze and asthma were 
indicated in 9.7% and 8.9% of the medical 
records, respectively (percentage represents 
the number of charts with indication of the 
health endpoint divided by the total num-
ber of charts abstracted). Term birth status 
was only identified on 60 of the abstracted 
charts (24.0%); therefore, it is likely not a 
useful variable to obtain solely via medical 
record. Of those charts with information on 
birth status, 6 were listed as preterm and 54 

Demographic Frequencies as Recorded in the Salud Family Health 
Center Medical Charts

Characteristic # %

“In the past 24 months have you or a family member  
worked in the agricultural fields?”

Yes 12 10.8
No 99 89.2

“Do you currently live in public housing?”
Yes 5 8.3
No 55 91.7

“What is your current status?”
Migrant 10 5.2
Seasonal 12 6.3
Other 169 88.5

Ethnicity
Hispanic 152 81.3
White 35 18.7

Language
English 61 33.2
Spanish 123 66.9

Country of birth
U.S. 101 78.3
Mexico 28 21.7

Sex
Male 122 49.6
Female 124 50.4

Note. Medical charts obtained from September 2007 through August 2008 (surveys were completed by the adult 
accompanying the child).

TABLE 2
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were listed as term babies. Of those charts 
with information on the length of gesta-
tion; 45 (75% of the 60 charts) also listed 
information on weight for age at gestation. 
The majority were identified as average-for-
gestational age (40/45 charts) and five were 
listed as large-for-gestational age (including 
one that was also identified as preterm). No 
reference to diabetes occurred in any of the 
reviewed charts. 

Questionnaire
Fifty-seven in-person questionnaires were 
administered in either English (n = 25) 
or Spanish (n = 32), depending on the 
preference of the participant. The surveys 
obtained information on children repre-
senting the following age ranges: 2–3 years, 
n = 7; 4–5 years, n = 7; 6–7 years, n = 9; 
8–9 years, n = 16; 10–11 years, n = 10; and 
12–13 years, n = 5. Demographic charac-
teristics and parental education ascertained 
via questionnaire are presented in Table 3. 
Illnesses and symptoms are presented in 
Table 4. Twenty parents (35.7%) reported 

that their child has had “wheezing or whis-
tling in the chest at any time in the past.” 
Seven parents (12.7%) reported that their 
child had asthma and 14 parents (25.0%) 
reported their child having had “a dry cough 
at night, apart from a cough associated with 
a cold or chest infection within the last 12 
months.” Frequencies of selected expo-
sures that may influence asthma risk are 
presented in Table 5; 79.2% and 73% of the 
population reported having fitted carpets 
in their child’s bedroom currently and dur-
ing the child’s first year of life, respectively. 
When asked about the surroundings of their 
child’s home, 30.2% of parents reported 
“rural, open spaces or fields nearby”; 14.0% 
reported “suburban, with many parks or 
gardens”; 44.2% reported “suburban, with 
few parks or gardens”; and 11.6% reported 
“urban, with no parks or gardens” (Table 
5). Fifty-two parents answered the ques-
tion, “How often do trucks pass through 
the street where you live, on weekdays?” 
with 11.5% responding “never”; 42.3% 
responding “seldom”; 26.9% responding 

“frequently through the day”; and 19.2% 
responding “almost the whole day” (Table 
5). Fifty-two parents also answered the 
question, “Outside school hours, how often 
does your child usually exercise so much 
that he/she gets out of breath or sweats?” 
with 34.6% responding “every day”; 15.4% 
responding “4–6 times a week”; 21.2% 
responding “2–3 times a week”; 11.5% 
responding “once a week”; 5.8% respond-
ing “once a month”; and 11.5% respond-
ing “less than once a month.” Agricultural 
exposures thought to be disproportionately 
experienced by rural dwellers are presented 
in Table 6: 21.8% of children play in farm-
ing fields, 16.4% eat fruits and vegetables 
without washing, and 10.9% feed livestock 
or other animals. In addition, 13.2% and 
9.4% have someone in their household who 
works around livestock or around grain, 
feed, or dust, respectively.

Discussion
Reducing health disparities among popula-
tion groups has become a priority among 
many of the leading health organizations in 
the U.S. In addition, Healthy People 2010 
identified 10 leading health indicators, 
including obesity and environmental quality, 
as top health priorities (U.S. Department 
of Health and Human Services, 2000). The 
majority of these indicators, chosen because 
they are preventable threats to health, are dis-
proportionately experienced by underserved 
or minority populations, such as African-
American, Native American, and Latino 
children (Chowdhury, Balluz, Okoro, & 
Strine, 2006). 

In the U.S., the burden of asthma falls 
disproportionately and increasingly on 
racial/ethnic minorities and poor children 
(Centers for Disease Control and Preven-
tion, 2000; Halfon & Newacheck, 1993). 
African-American, Native American, and 
Latino children have higher prevalence 
rates for asthma as compared to non-
Latino white children (Gold & Wright, 
2005; Perrin, Bloom, & Gortmaker, 2007). 
Additionally, less use of preventive asthma 
medications was reported among minority 
children than white children within the 
same managed Medicaid population (Lieu 
et al., 2002). Previous studies suggest that 
financial access and use of managed care 
does not eliminate racial/ethnic variation 

Demographic Frequencies Ascertained via Questionnaires 
Administered to Parents of Children Visiting the Salud Family 
Health Center

Characteristic # %

Sex

Male 36 65.5
Female 19 34.6

Ethnicity
Hispanic/Latino 52 96.3
Not Hispanic/Latino 2 3.7

Race
White 31 86.1
Native American or Alaskan Native 1 2.8
Other (did not specify) 2 5.6
Do not know 1 2.8
Decline to answer 1 2.8

Mother years of education
Less than 9 years 3 10.3
9–12 years 16 55.2
Greater than 12 years 10 34.5

Father years of education
Less than 9 years 5 20.0
9–12 years 13 52.0
Greater than 12 years 7 28.0

TABLE 3
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in asthma-related care (Flores, Bauchner, 
Feinstein, & Nguyen, 1999; Krishnan et 
al., 2001). Disproportionate increases in 
childhood obesity may partly explain dis-
parities in asthma prevalence (Rodriguez, 
Winkleby, Ahn, Sundquist, & Kraemer, 
2002; Schwartz, Gold, Dockery, Weiss, & 
Speizer, 1990). 

Small sample sizes limit the ability to 
draw strong conclusions about the Salud 
population in regards to asthma prevalence; 
however, 20 parents (35.7%) reported that 
their child had experienced wheezing or 
whistling in the chest at any time in the 
past and an asthma diagnosis was reported 
among 12.7% (n = 7) of the population. In 
addition, a “dry cough at night, apart from a 
cough associated with a cold or chest infec-
tion, in the last 12 months,” was reported 
among 25.0% (n = 14) of the population. 
For comparison, among children aged 2–16 
years participating in the Third National 
Health and Nutrition Examination Survey 
(NHANES III), 6.6% had self-reported cur-
rent asthma and 7.4% had self-reported 
wheezing (wheezing or whistling in the 
chest at any time in the past 12 months and 
the child’s chest sounding wheezy or whis-
tled when the child did not have a cold) 
(Romieu, Mannino, Redd, & McGeehin, 
2004). In 2007, the prevalence of lifetime 
asthma among Colorado residents 1–14 
years old was 11.9%; white non-Hispanic 
children had a nonsignificantly higher 
current and lifetime prevalence (8.6% and 
11.6%, respectively) than white Hispanic 
children (6.2% and 9.9%, respectively) 
(Colorado Department of Public Health 
& Environment, 2008). A limitation with 
interpreting the Salud population percent-
ages and making comparisons to the gen-
eral population is that the denominator is 
the population actually visiting the clinic 
and not necessarily the entire target popu-
lation for the clinic. It is possible that chil-
dren live there who do not receive health 
care attention who would otherwise be rec-
ommended to this clinic. If these children 
are healthier than those who attend the 
clinic, then the percentages we present may 
over-represent illnesses among the Salud 
clinic’s target population. 

Asthma disparities may partly be explained 
by environmental exposures as Latino chil-
dren have disproportionately greater expo-

sures to environmental toxins, including 
ambient and indoor air pollutants and pesti-
cides (Mott, 1995; Wernette & Nieves, 1992). 
Ambient air pollution is likely a significant 
factor affecting asthma among urban children 
and the little research performed among rural 
U.S. children indicates that asthma preva-
lence is high (16% in a rural Iowa population 
and 20% among farm children) (Merchant 

et al., 2002) and that the prevalence of chil-
dren with severe symptoms consistent with 
asthma (but without a doctor diagnosis) may 
be even higher (Chrischilles et al., 2004). 
More research on the differential distribution 
of air pollution health effects on racial/ethnic 
minorities is needed to gain a better under-
standing of this issue (O’Neill et al., 2003). 

Reported Health Symptoms Ascertained via Questionnaire 
Administered by Salud Family Health Center Staff to Parents  
With Children Visiting the Clinic 

Symptom # %

Has your child ever had wheezing or whistling in the chest  
at any time in the past?

Yes 20 35.7
No 36 64.3

Has your child had wheezing or whistling in the chest  
in the last 12 months?

Yes 12 26.7
No 33 73.3

How many attacks of wheezing has your child had in the last 12 months?
None 6 35.3
1 to 3 8 47.1
4 to 12 3 17.7
More than 12 0 0

In the last 12 months, how often, on average, has your child’s sleep  
been disturbed due to wheezing?

Never woken with wheezing 8 50.0
Less than one night per week 5 31.3
One or more nights per week 3 18.8

In the last 12 months, has wheezing ever been severe enough to limit  
your child’s speech to only one or two words at a time between breaths?

Yes 3 17.7
No 14 82.4

Has your child ever had asthma?
Yes 7 12.7
No 48 87.3

In the last 12 months, has your child’s chest sounded wheezy during  
or after exercise?

Yes 6 11.1
No 48 88.9

In the last 12 months, has your child had a dry cough at night, apart  
from a cough associated with a cold or chest infection?

Yes 14 25.0
No 42 75.0

Has your child ever had an itchy rash that was coming and going for  
at least six months?

Yes 7 12.7
No 48 87.3

TABLE 4
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Among children, traffic-related air pol-
lution has been associated with respira-
tory health (Gauderman et al., 2004, 
2007), including asthma (Gauderman et 
al., 2005; Jerrett et al., 2008); and nearly 
one-fifth of our study population reported 
truck traffic at their home as occurring 
“almost the whole day.” Children as young 
as five often participate in farm chores and 
children in rural communities are often 
exposed to organic dusts, agricultural 
chemicals, animal allergens, and grain dust 
mites that are brought into the home on 
work clothing (Mayo, Richman, & Harris, 
1990; Merchant, 1987; Park et al., 2003) 
and several of these types of exposures 
(playing in farming fields and in dirt near 
fields and feeding livestock/animals) were 
reported among the Salud population. 
More research describing the relation-
ships between environmental exposures 
and increased asthma risk is needed as the 
contribution of these types of exposures 
to childhood disease is believed to be sub-
stantial (Flores et al., 2002). 

A main limitation of the population 
risk factor (environmental and occupa-
tional) proportions we report is that infor-
mation was collected from a convenience 
sample of parents with ample time between 
check-in and physician examination. 
Although we do not have reason to believe 
that parents surveyed would respond in a 
systematically different manner than those 
not surveyed, identifying a random sample 
of participants and conducting the survey 
at a more convenient and feasible time (e.g., 
after the physician examination) may allow 
for a more representative estimate of risks. 

According to the Centers for Disease Con-
trol and Prevention (CDC), in body mass 
index (BMI) growth charts, the transition 
from healthy weight to overweight occurs 
around 17 kg/m2 for children aged 3–5 
years. The weight distinctions are based on 
national percentiles according to age and 
sex (above the 85th percentile is considered 
overweight). Using data ascertained from 
the three-year well-child checkups in the 
medical charts, the population of male chil-
dren aged 3–5 years visiting the Salud clinic 
had an average BMI of 15.7 kg/m2 (SD = 1.2 
kg/m2; n = 60). The transition from healthy 
weight to overweight occurred around the 
87th percentile in this population of boys, 

Selected Responses From the Exposure Module Ascertained via 
Questionnaire Administered by Salud Family Health Center Staff to 
Parents With Children Visiting the Clinic 

Exposure # Reporting 
Yes

%

Does or did your child’s mother smoke:

At present? (n = 54) 2 3.7

During the child’s first year of life? (n = 39) 1 2.6

During pregnancy with your child? (n = 39) 1 2.6

Does anybody, at present, smoke inside your child’s home? (n = 55) 4 7.3

Does your child smoke? (n = 53) 0 0

Does or did your child’s home have damp spots on the walls or ceiling?

At present (n = 53) 0 0

During the child’s first year of life (n = 42) 3 7.1

Does or did your child’s home have visible molds or fungus on the walls  
or ceiling?

At present (n = 53) 4 7.6

During the child’s first year of life (n = 40) 3 7.5

What kind of floor covering is or was there in your child’s bedroom?

At present (n = 48)

Fitted carpets 38 79.2

Loose carpets 2 4.2

Bare floors 8 16.7

During the child’s first year of life (n = 37)

Fitted carpets 27 73.0

Loose carpets 2 5.4

Bare floors 8 21.6

Are there any insect problems (for example, cockroaches, spiders, ants, 
etc.) in the child’s home? (n = 53)

6 11.3

Are there any problems with mice or rats in the child’s home? (n = 55) 4 7.3

In the last 12 months, have pesticides been used in or around your 
house or on your lawn or garden? (n = 54)

4 7.4

How would you describe the surroundings of your child’s home at  
present? (n = 43)

Rural, open spaces or fields nearby 13 30.2

Suburban, with many parks or gardens 6 14.0

Suburban, with few parks or gardens 19 44.2

Urban, with no parks or gardens 5 11.6

How would you describe the surroundings of your child’s home  
during the child’s first year of life? (n = 30)

Rural, open spaces or fields nearby 7 23.3

Suburban, with many parks or gardens 4 13.3

Suburban, with few parks or gardens 12 40.0

Urban, with no parks or gardens 7 23.3

How often do trucks pass through the street where you live,  
on weekdays? (n = 52)

Never 6 11.5

Seldom 22 42.3

Frequently through the day 14 26.9

Almost the whole day 10 19.2

TABLE 5
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indicating that the Salud population at the 
3–5 year age range is likely similar to that 
of the general U.S. According to the data 
abstracted from the five-year well-child 
checkup, the average BMI for boys aged 5–7 
years is 16.4 kg/m2 (SD = 1.8 kg/m2; n = 44). 
For the general U.S. population at this age 
group, the transition from healthy weight to 
overweight also occurs around 17 kg/m2. In 
the Salud population, only about 70% of the 
population of boys has a BMI less than 17 kg/
m2. Although the small sample size is a limi-
tation, this suggests that in the 5–7 year age 
group, the Salud population of boys is more 
overweight than the general U.S. population 
and may, therefore, be at increased risk for 
overweight and obesity-related health end-
points. In addition, half of the Salud popu-
lation interviewed reported that their child 
exercised (defined as getting out of breath 
or sweating outside of school hours) 2–3 
times per week or less. Among 8–16 year 
olds completing the physical activity ques-
tions in the NHANES III survey, 19.4% 
(weighted percentage adjusted to represent 
the U.S. population) reported vigorous phys-
ical activity less than three times per week 
(Dowda, Ainsworth, Addy, Saunders, & 
Riner, 2001). Given the overlap in catego-
ries of activity, this comparison is not direct; 
however, it does indicate that the Salud pop-
ulation of children may be less active than 
the general U.S. population. Only 34.6% of 
the Salud children exercise every day, which 
is the CDC-recommended level (60 minutes 
per day) for all children. Physical activity 
disparities by race and ethnicity have been 
reported among U.S. children (Eaton et al., 
2008) and eliminating these types of dispari-
ties was also a focus of Healthy People 2010.

Conclusion
General epidemiologic characteristics includ-
ing prevalence and severity of asthma and 
environmental and occupational risk factors 
have not been extensively evaluated within 
the Latino populations in Colorado. Although 
a more analytic approach to evaluate the rela-
tionship between risk factors and adverse 
health was beyond the scope of this project, 
we have demonstrated that abstracting medi-
cal records and administering questionnaires 
to parents of children visiting the clinic are 
both feasible options for obtaining these types 
of data. Administering questionnaires allows 

for the collection of more directed responses 
concerning asthma-like symptoms as well 
as detailed exposure information as com-
pared to information generally recorded in 
medical records; however, identifying a more 
appropriate time to administer the surveys 
should benefit future studies. From the results 
of this hypothesis-generating pilot project, we 
were able to demonstrate the elevated occur-
rence of asthma-like symptoms as well as 
multiple occupational and environmental 
risk factors in this unique population, which 
is critical for developing future hypothesis-
testing research. 
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Child and Family Member Job and Activity Exposures Ascertained 
via Questionnaire Administered by Salud Family Health Center 
Staff to Parents With Children Visiting the Clinic 

Exposure # Reporting 
Yes

%

Does your child have a job outside of the house? (n = 53) 0 0
Does your child participate in any of the following activities?

Plays in farming fields (n = 55) 12 21.8
Plays in dirt near fields (n = 55) 16 29.1
Plays in livestock buildings (n = 55) 6 10.9
Plays in grain or feed storage or handling facilities (n = 55) 3 5.5
Swims in irrigation channels (n = 55) 3 5.5
Is outside near farming fields while the fields are sprayed with 
pesticides (n = 55)

3 5.5

Eats fruits and vegetables without washing (n = 55) 9 16.4
Picks crops in the fields (n = 54) 1 1.9
Drives or rides in tractors to cut wheat and corn or to pick up trash  
(n = 55)

3 5.5

Sprays weeds and insects (n = 55) 1 1.8
Helps to feed or move cattle (n = 55) 3 5.5
Cleans livestock/animal buildings (n = 55) 3 5.5
Feeds livestock/animals (n = 55) 6 10.9
Cleans grain bins (n = 55) 3 5.5

Does someone from your household participate in any of the following jobs?
Works around livestock (n = 53) 7 13.2
Picks crops such as lettuce, beans, or cabbage in the field (n = 53) 2 3.8
Picks crops such as wheat, corn, or potatoes in the field (n = 53) 2 3.8
Works at a sale barn (n = 53) 4 7.6
Works at a slaughterhouse (n = 53) 1 1.9
Works around grain, feed, or dust (n = 53) 5 9.4
Works with or applies pesticides (n = 53) 2 3.8
Works somewhere where pesticides are applied (n = 53) 3 5.7

TABLE 6
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Introduction
Historically, investigations of the effects of 
wastewater on streams have addressed dis-
solved oxygen, nutrients, and pathogens. In 
recent years, investigations have included 
the effects of pharmaceuticals, hormonally 
active compounds, and personal care prod-
ucts. Advances in analytical capabilities have 
enabled measurement of these compounds, 
referred to as emerging contaminants, at 
environmentally relevant concentrations 
(parts per billion to parts per trillion). 

Prior to several European studies (Aherne 
& Briggs, 1989; Heberer & Stan, 1997; 
Ternes, 1998), the environmental occur-
rence of pharmaceutical and hormonally 
active compounds was relatively unknown. 
In a survey of U.S. surface waters during 
1999–2000, pharmaceutical compounds, 
hormones, and other organic compounds 
considered indicative of wastewater were 
detected in 80% of 139 streams sampled 
(Kolpin et al., 2002). Although the ecologi-
cal and human health effects of environ-

mental exposures to most emerging con-
taminants are largely unknown, concern 
exists about the potential for adverse effects 
at environmentally relevant concentrations 
(Christensen, 1998; Jones, Voulvoulis, & 
Lester, 2004; Webb, 2001).

Pharmaceutical compounds as well as 
endogenous hormones are excreted in 
human wastes and are present in domes-
tic wastewater along with household and 
personal care products. Despite vigorous 
oxidative treatment processes such as chlo-
rination and ozonation employed by con-
ventional wastewater treatment plants 
(WWTPs), many pharmaceutical and hor-
monally active compounds are not removed 
(Buser, Poiger, & Müller, 1999; Glassmeyer 
& Shoemaker, 2005). As a result, effluent 
from centralized WWTPs, commonly dis-
charged directly into streams, is a major 
source of pharmaceutical and hormon-
ally active compounds in surface waters 
(Daughton & Ternes, 1999). 

Centralized wastewater treatment sys-
tems can also have detrimental effects on 
water quality because of leaking or over-
flowing sewer lines. Nationwide, an esti-
mated 3–10 billion gallons of untreated 
sewage are discharged annually through 
leaking or overflowing sewer lines (U.S. 
Environmental Protection Agency, 2002). 
Rates of leakage from gravity flow sewer 
lines are highly variable, and leaks may 
close as particulate materials in sewage 
are deposited within the lines (Blackwood, 
Ellis, Revitt, & Gilmour, 2005; Ellis, Revitt, 
Lister, Willgress, & Buckley, 2003).

Abst ract  The authors conducted a survey of small streams 

to evaluate the effects of centralized and onsite wastewater treatment on 

the occurrence of selected traditional and emerging contaminants in small 

streams in the upper Neuse River basin, North Carolina. An undeveloped 

site was included to assess effects of residential land use activities on 

stream quality. Concentrations of nutrients and ions were higher in samples 

from streams in residential sites than from the stream in an undeveloped 

area. Overall, streams draining residential areas showed relatively small 

differences with respect to type of wastewater treatment. Two sites, 

however—one in an area of centralized wastewater treatment apparently 

near a suspected sewer line leak, and the second in an area of onsite 

wastewater treatment—showed effects of wastewater. Organic wastewater 

compounds were detected more frequently in samples from these two 

sites than from the other sites. Optical brighteners levels were correlated 

(r2 = .88) with the number of organic wastewater and pharmaceutical 

compounds detected at the residential sites and could potentially serve as 

a screening method to assess wastewater effects on small streams.

G.M. Ferrell

B.H. Grimes 
U.S. Geological Survey,  

North Carolina Water Science Center

Effects of Centralized and  
Onsite Wastewater Treatment  
on the Occurrence of Traditional 
and Emerging Contaminants  
in Streams
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The effects of emerging contaminants in 
wastewater from decentralized, or onsite, 
wastewater treatment systems on streams 
are not well known. Movement of treated 
wastewater leaving onsite system drain-
fields has lateral and downward compo-
nents, rates of which depend on properties 
of the underlying soil and distance to the 
water table. Upon reaching the saturated 
zone, treated wastewater is eventually 
discharged to streams. Wastewater from 
onsite systems primarily is treated by the 
processes of microbial degradation and 
sorption (Dawes & Goonetilleke, 2003; 
Hallahan, 2002). Studies investigating 
the degradation of surfactants (Doi et al., 
2002; McAvoy, DeCarvalho, Nielson, & 
Cano, 2002) and other detergent compo-
nents (Lee, McAvoy, Szydlik, & Schnoor, 
1998) by onsite systems showed varying 
rates of removal. A variety of surfactant 
metabolites, disinfectants, caffeine, fecal 
sterols, and pharmaceutical compounds 
including antibiotics were identified in 
residential septic tank effluent (Conn, 
Barber, Brown, & Siegrist, 2006). Percola-
tion through subsurface soils resulted in 
removal rates exceeding 90% for most of 
these compounds (Conn, Siegrist, Barber, 

& Meyer, 2010). Removal efficiencies may 
vary depending on soil type and thickness.

Onsite wastewater treatment systems are 
used by about 30% of the U.S. population 
(U.S. Census Bureau, 2001) and are com-
mon in rural and low-density residential 
areas. Properly functioning onsite systems 
remove nutrients and many other com-
pounds from domestic wastewater. The 
estimated effective lifespan of onsite sys-
tems typically ranges from 11 to over 30 
years (Siegrist, Tyler, & Jennsen, 2001) 
and about half of U.S. septic systems 
are more than 30 years old (U.S. Census 
Bureau, 2001). The goal of our study was to 
compare the water quality in small streams 
in areas where domestic wastewater was 
primarily treated by either centralized or 
onsite systems. 

Study Area
The study area was in the upper Neuse 
River basin in Orange and Durham coun-
ties, North Carolina, an area where popula-
tion growth has resulted in rapid residential 
expansion into areas lacking the infrastruc-
ture required for centralized wastewater 
treatment. As a result, increasing numbers 
of onsite systems have been installed in the 

basin. An estimated 30% and 72% of the 
residences in Durham and Orange coun-
ties, respectively, use onsite wastewater 
treatment (North Carolina Department 
of Environment and Natural Resources, 
Division of Environmental Health, 2003). 
Major soil groups in the catchments of the 
study sites are characterized as moderately 
to severely limited for onsite drainfields 
because of slow percolation (Kirby, 1976). 
Streams in the study area flow into the Falls 
Lake reservoir, the water supply for the city 
of Raleigh.

Methods

Site Selection and Characterization
Sites are in areas underlain by metamor-
phic and igneous rock where topographic 
relief and shallow depth to groundwater 
are anticipated to provide a short flow 
path for movement of treated wastewater 
to streams. 

A sampling network (sites 1–7) was 
established to compare the effects of cen-
tralized and onsite wastewater treatment 
on stream quality in small catchments and 
includes seven sites with drainage areas 
ranging from 0.13 km2 to 1.68 km2 (Table 1). 

Characteristics of Study Sites in the Upper Neuse River Basin

Site # USGSa Site ID # Stream Location Wastewater 
Treatment  
Category

Major Soil Series† Percolation‡ Drainage  
Area  
(km2)

Housing 
Densitya 

(Houses/km2)

1 0208503422 Rhodes Creek tributary above NC 
Highway 751 near Durham, NC

Undeveloped Helena, Georgeville, 
Iredell

Slow 0.49 0

2 0208503920 Nancy Rhodes Creek tributary at 
Cole Mill Road near Durham, NC

Centralized Appling, Georgeville, 
Wedowee

Slow 1.04 250

3 02085067 Black Meadow Run at Argonne 
Drive near Durham, NC

Centralized Iredell, White Store, 
Herndon

Slow 1.11 470

4 0208503990 Eno River tributary below Clover 
Hill Place near Durham, NC

Centralized Herndon, Georgeville Slow 0.13 590

5 0208503945 Sevenmile Creek tributary at 
Inverness Drive near Durham, NC

Onsite Georgeville, Nason, 
Herndon

Slow 0.34 140

6 0208505880 Crooked Creek tributary at 
Greenbay Drive near Durham, NC

Onsite Herndon, Georgeville, 
Lignum

Slow 1.68 120

7 0208525095 Cabin Branch tributary at 
Paragon Circle near Durham, NC

Onsite Herndon, Lignum, 
Goldston

Slow 0.41 130

aUSGS = U.S. Geological Survey; Household densities were calculated from online GIS files of the City of Durham (2005).
†Soil series from U.S. Department of Agriculture (2006a, 2006b).
‡Kirby (1976).

TABLE 1
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Six of the sites are in primarily residential 
areas and one (site 1), considered to be 
representative of background conditions, 
is in an undeveloped catchment managed 
for timber production. Three of the resi-
dential catchments (sites 2–4) are in areas 
served by a municipal sewer system and 
three (sites 5–7) are in areas where waste-
water is treated on site. Household densi-
ties in the basins with centralized wastewa-
ter treatment are about 2–5 times greater 
than in the basins with onsite wastewater 
treatment. The majority of the residences in 

these catchments were constructed during 
1960–1985.

Sample Collection and Analysis
Water samples were collected and pro-
cessed according to guidelines of the U.S. 
Geological Survey (USGS, Various Dates). 
Upon completion of processing, samples 
were placed on ice and transported by over-
night carrier to the analyzing laboratory. 
Samples were collected from December 
2004 to June 2005 under baseflow condi-
tions except for the samples collected on 

June 16, 2005, some of which were affected 
by runoff from thunderstorms. Equipment 
blanks and replicate samples were obtained 
for about 10% of the samples. Water sam-
ples were analyzed by the USGS National 
Water Quality Laboratory in Denver, Colo-
rado. Samples were analyzed for nutrients, 
ions, and metals using methods described 
by Fishman and Friedman (1989) and for a 
suite of 59 organic wastewater compounds 
(OWWCs) using capillary column gas 
chromatography/mass spectroscopy meth-
ods described by Zaugg and co-authors 

Temporal Variation in Concentrations of Dissolved Ammonia, Organic Nitrogen, and Nitrite Plus Nitrate

In water samples from streams in areas that are undeveloped, residential with centralized wastewater treatment, and residential with onsite wastewater treatment. 
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(2002). Thirty-three pharmaceutical com-
pounds, including antibiotics, carbamaze-
pine, and ibuprofen were analyzed by the 
USGS Organic Geochemistry Laboratory in 
Lawrence, Kansas, using the online solid 
phase extraction and liquid chromatogra-
phy/tandem mass spectrometry with elec-
trospray ionization method described by 
Meyer and co-authors (2007).

Water samples collected for analysis of 
fecal bacteria were analyzed at the Duke 
University Marine Laboratory in Beaufort, 
North Carolina. Samples were analyzed 
for E. coli and fecal coliform bacteria using 
the five-tube dilution method with A-1 
media according to Eaton and co-authors 
(1995). Water samples were analyzed for 
optical brighteners (OBs) at Virginia Tech 

in Blacksburg, Virginia, using techniques 
described by Dickerson and co-authors 
(2007). To prevent photodegradation, sam-
ples were stored in darkness until analyzed. 
Samples for OBs were collected in conjunc-
tion with samples analyzed for E. coli and 
fecal coliforms on June 1 and 16, 2005, to 
determine if OB fluorescence was correlated 
with fecal bacteria.

Nonparametric statistical comparisons 
of water quality data were made using the 
Mann-Whitney-Wilcoxon test (Conover, 
1980) to determine differences between 
samples collected from streams draining 
areas with centralized and onsite wastewa-
ter treatment. Samples were ranked by col-
lection period and tests were performed on 
ranked values.

Results and Discussion

Nutrients and Ions in Water 
Samples
Concentrations of nutrients in samples 
from the undeveloped catchment were 
lower than those in samples from the resi-
dential catchments and indicate the lack 
of human activities and the greater nutri-
ent uptake associated with forested lands. 
Nutrient concentrations generally were 
similar among samples from the residen-
tial stream sites (sites 2–7) with the excep-
tion of site 3, which had higher concen-
trations of total nitrogen and ammonia 
concentrations, a smaller proportion of 
nitrogen in the form of NO

2
+NO

3
 (nitrite 

plus nitrate), and greater overall variability 

Concentrations of Selected Dissolved Ions and Nutrients in Stream Water Samples 

Site 1 is in an undeveloped area; sites 2–4 are in areas served by a centralized wastewater treatment system; sites 5–7 are in areas of onsite wastewater treatment; * denotes 
statistically significant difference between sites in areas of centralized and onsite wastewater treatment, p = .05. 
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Summary of Organic Wastewater Compounds Detected in Streamwater Samples 

Analyte† Primary Use  
or Source

Reporting 
Level (µg/L)

Site Type

Undeveloped Residential Basins
Centralized Wastewater 

Treatment
Onsite Wastewater 

Treatment
 Site 1 
(n = 5)

Site 2
 (n = 5)

Site 3 
(n = 5)

Site 4 
(n = 5)

Site 5 
(n = 5)

Site 6 
(n = 5)

Site 7 
(n = 5)

Anthraquinone Manufacturing 0.5 NDa ND (2) ND ND ND (1)
Isophorone Solvent 0.5 (1) ND (1) ND ND (1) (2)
p-Cresol Wood preservative 

and auto exhaust
1 (2) (2) (2) (1) (1) (3) (2)

5-Methyl-1H-benzotriazole De-icing agent 2 ND ND (1) ND ND ND ND
4-t-Octylphenol diethoxylate Detergent 

metabolites
1 (1) ND ND ND ND ND ND

4-t-Octylphenol monoethoxylate 1 ND (1) (1) ND ND (1) (1)
4-Nonylphenol 5 (1) (1) (1) ND ND (1) (1)
4-Nonylphenol diethoxylate 5 (1) ND (1) ND ND (1) (1)
Tris(2-chloroethyl)phosphate Flame retardants 

and plasticizers
0.5 ND (1) (2) ND ND ND ND

Tris(2-butoxyethyl) phosphate 0.5 (1) ND 2(3) ND ND (1) 1(1)
Tris(dichloroisopropyl)phosphate 0.5 ND (1) (2) ND ND ND (1)
Triphenyl phosphate 0.5 ND ND 2 ND ND ND ND
3-Methyl-1H-indole (skatole) Fragrances  

(many have 
natural sources)

1 (1) (1) (2) ND ND (2) (1)
3-b-Coprostanol 2 (1) ND (1) ND (1) ND ND
Acetyl hexamethyl tetrahydronaphthalene 0.5 ND (1) (1) ND ND (4) (4)
Hexahydrohexamethyl 
cyclopentabenzopyran

0.5 ND ND ND ND ND (2) (4)

Indole 0.5 (1) ND (2) ND ND (2) (2)
Isoborneol 0.5 ND ND (1) ND ND ND ND
Menthol 0.5 ND ND (2) ND ND (1) ND
Methyl salicylate 0.5 (2) ND (2) (1) ND (1) (1)
Benzophenone 0.5 (1) ND ND ND ND ND ND
Metolachlor Pesticides 0.5 ND (1) (1) ND ND ND ND
Prometon 0.5 ND ND ND (1) ND ND ND
Carbaryl 1 ND ND (1) (1) ND ND (1)
Benzo[a]pyrene PAHa 0.5 ND ND ND ND ND ND (1)
Naphthalene 0.5 (1) ND (3) ND ND ND ND
Fluoranthene 0.5 ND ND (1) ND ND ND ND
Phenanthrene 0.5 (1) ND (1) ND ND ND ND
Pyrene 0.5 ND ND (1) ND ND ND ND
b-Stigmastanol Plant and animal 

steroids
2 ND (1) (2) ND (1) ND (1)

b-Sitosterol 2 (1) (2) (2) ND (1) (1) ND
Cholesterol 2 (1) (1) 1(2) (1) (1) (1) (2)
Tributyl phosphate Plasticizers 0.5 (3) 1(1) 1(1) ND (1) 1 1
Triethyl citrate 0.5 ND ND ND ND ND (1) ND
1-Methylnaphthalene Coal tar, gasoline 0.5 (1) (1) (1) (1) (1) (1) (1)
2-Methylnaphthalene 0.5 (1) (1) (1) (1) (1) (1) (1)
Isoquinoline Coal tar 0.5 ND ND 1 ND ND 1 ND
Carbazole Pigment, coal tar 0.5 ND ND (1) ND ND ND ND
Triclosan Disinfectant 1 (1) ND (1) ND ND (1) ND
Camphor Flavoring agent 0.5 ND (3) (3) (3) (4) (2) (2)
Cotinine Nicotine metabolite 1 ND (1) (1) ND ND ND (1)
Caffeine Stimulant 0.5 ND (1) 1(2) (1) (1) (3) (3)
Number of analytes detected† 19 17 36 9 11 22 23

Note. Qualitative detections (presence confirmed but not quantifiable) are shown in parentheses. Analytes suspected of hormonal activity are shown in bold. 
aND = not detected; PAH = polycyclic aromatic hydrocarbon. 
†Anthracene, chlorpyrifos, diazinon, isopropylbenzene, 2,6-dimethylnaphthalene, 1,4-dichlorobenzene, bromacil, 3-t-butyl-4-hydroxyanisole, isopropylbenzene, 4-cumylphenol, and 
4-n-octylphenol were not detected in samples. 

TABLE 2
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(Figures 1 and 2). The NH
3
-N (ammonia, 

as N) concentrations in samples collected 
in December 2004 and January 2005 from 
site 3 located in a catchment served by cen-
tralized wastewater treatment were about 2 
and 3 mg/L, respectively. These high con-
centrations of NH

3
-N indicate the presence 

of wastewater, the source of which is likely 
a leaking sewer line in an area with cen-
tralized wastewater treatment. With the 
exception of one sample from site 6 (onsite 
wastewater treatment) that had a concen-
tration of 1.06 mg/L, concentrations of 
NO

2
+NO

3
-N were less than 1 mg/L. 

Overall, NO
2
+NO

3
-N concentrations were 

statistically higher (p = .05) in samples from 
sites in areas of onsite wastewater treatment 
than from sites in areas of centralized waste-
water treatment with average concentrations 
of 0.60 mg/L and 0.40 mg/L, respectively. 
Interestingly, the site with the lowest aver-
age concentration of NO

2
+NO

3
-N, 0.29 mg/L 

(site 7), is in an area where onsite wastewater 
treatment is used. Orthophosphate concen-
trations were near or less than the reporting 
limit of 0.02 mg/L at all sites. Onsite treat-
ment processes typically remove 85% to 95% 

of the influent phosphorus, whereas removal 
rates for nitrogen range from 10% to 40% 
(Sikora & Corey, 1976).

Variations in nutrient concentrations 
were small and likely occurred in response 
to seasonal and hydrologic conditions with 
the exception of site 3 (Figures 1 and 2). 
Concentrations of ammonia in the sam-
ples collected after January 2005 at site 3 
decreased to levels near the detection limit. 
The large variation in concentrations of 
nitrogen compounds in samples where a 
sewer line leak was suspected at site 3 could 
be due to changes in rates of leakage or to 
decreased microbial transformation and 
biological uptake associated with colder 
temperatures during winter months. Dry 
conditions during May and June also could 
have slowed subsurface flow and enabled 
increased assimilation of nitrate. Deposition 
of particulate materials within the sewer 
lines has been shown to decrease rates of 
leakage (Ellis et al., 2003). Fertilizer appli-
cations to lawns are an additional source of 
nitrogen in the residential catchments. 

Concentrations of ions generally were 
lowest in the samples from the undevel-

oped site (site 1). Concentrations of chlo-
ride were statistically higher in samples 
from streams draining areas served by 
onsite wastewater treatment in comparison 
to areas served by centralized wastewater 
treatment facilities, whereas concentra-
tions of potassium and sulfate were lower. 
Concentrations of calcium, potassium, and 
sulfate varied more in samples from the 
site with the suspected sewer line leak (site 
3) than in the other sites (Figure 2). Dif-
ferences in ion concentrations among sites 
are likely related to differences in soils and 
geology of the study sites.

OWWCs and Pharmaceuticals
Detections of OWWCs and pharmaceuticals 
are summarized in Tables 2 and 3, respec-
tively. Concentrations of OWWCs gener-
ally were detected at trace levels (less than 
reporting limits) and did not exceed maxi-
mum contaminant levels established by 
the U.S. Environmental Protection Agency. 
Standards have not been established, how-
ever, for most of these compounds. 

The most OWWCs (36) were detected 
in samples from the site with the suspected 

Detections of Antibiotic and Pharmaceutical Compounds in Streamwater Samples From Study Sites  
in the Upper Neuse River Basin

Analyte (Reporting  
Limit in µg/L)

Category  Usea Site Type

Undeveloped Residential Basins

Centralized Wastewater Treatment Onsite Wastewater Treatment
Site 1
(n = 5)

Site 2
(n = 5 )

Site 3
(n = 5)

Site 4
(n = 5)

Site 5
(n = 5)

Site 6
(n = 5)

Site 7
(n = 5)

Azithromycin (0.005) Antibiotic H NDa ND ND 1 (0.011) 1 (0.008) ND ND
Carbamazepine (0.005) Anticonvulsant H ND 2 (0.007) ND 1 (0.011) 1 (0.004) 4 (0.023) 2 (0.01)
Erythromycin (0.008) Antibiotic HV ND ND ND 1 (0.009) ND ND ND
Anhydro-erythromycin 
(0.008)

Antibiotic metabolite – ND ND 1 (0.017) 1 (0.014) ND ND ND

Ibuprofen (0.050) Anti-inflammatory H ND ND ND ND ND ND 1 (0.084)
Lincomycin (0.005) Antibiotic V ND ND ND 1 (0.027) ND ND ND
Tylosin (0.005) Antibiotic V ND ND 2 (0.007) 1 (0.019) 1 (0.025) ND ND
Total number of detections 0 2 3 6 3 4 3
Number of compounds detected 0 1 2 6 3 1 2

Note. Value shown in parentheses is maximum concentration. Ciprofloxacin, chlortetracycline, doxyclocyline, enrofloxacin, epi-chlortetracycline, epi-oxytetracycline, epi-tetracycline, 
iso-chlortetracycline, lomefloxacin, norfloxacin, ofloxacin, ormetoprim, oxytetracycline, roxityromycin, sarafloxacin, sulfachloropyridazine, sulfadiazine, sulfadimethoxine, 
sulfamethazine, sulfamethoxazole sulfathiazole, tetracycline, trimethoprim, and virginiamycin were not detected in any of the samples.
aND = not detected; H = human; V = veterinary;  – = not applicable.

TABLE 3
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sewer line leak (site 3). The second larg-
est number of detections (23) was from site 
7 (onsite wastewater treatment). OWWCs 
detected at the background site (site 1) 
included cholesterol, likely derived from 
wildlife, detergent metabolites, a plas-
ticizer, and fragrance components that 
occur naturally at trace levels. Detections of 
pharmaceutical compounds did not corre-
spond to detections of OWWCs. The great-
est number of pharmaceuticals (six), four 
of which are used for veterinary purposes, 
was detected in samples from site 4, a site 
with centralized wastewater treatment and 
the highest housing density of the residen-
tial sites (590 houses/km2; Table 1). The 
number and frequency of detection of phar-
maceutical compounds were similar among 
samples at the remainder of the residential 
sites with no detections in samples from the 
undeveloped site (site 1). Carbamazepine 
was detected in samples from all but one 
of the residential stream sites. Previous 
investigations have found carbamaze-
pine to be widely distributed in water and 
wastewater because of its resistance to deg-
radation and widespread use (Clara, Strenn, 
& Kreuzinger, 2004). 

OBs and Fecal Coliform Bacteria
Samples for OBs were analyzed in conjunc-
tion with samples analyzed for OWWCs 
and pharmaceuticals during January and 
April 2005 and with samples analyzed for 
fecal coliforms and E. coli collected on June 
1 and 16, 2005. OBs are detergent additives 
that fluoresce under the visible spectrum 
to enhance the appearance of white fabrics 
and have been used as indicators of waste-
water (Dickerson et al., 2007; Stoll & Giger, 
1998). OBs are photochemically degraded 
(Stoll, Ulrich, & Giger, 1998) and exhibit 
fluorescence patterns similar to some natu-
rally occurring organic compounds. Con-
sequently, the use of OBs as wastewater 
indicators is limited to streams with low 
concentrations of interfering compounds 
and to tracking wastewater over only short 
time periods because of photodegradation. 
Aqueous extracts of loblolly pine needles 
fluoresce at the same wavelengths as opti-
cal brighteners (unpublished data). Com-
pounds in pine foliage are likely the source 
of the high OB values in samples from the 
undeveloped site (site 1), which is located 

in a pine forest. Levels of OBs in the streams 
draining residential areas, which have pri-
marily hardwood trees, were highly corre-
lated (r2 = .88) with the number of OWWCs 
and pharmaceuticals detected (Figure 3).

Fecal coliform samples were comprised 
of E. coli (Table 4) and densities did not 
correlate with levels of OBs or type of 
wastewater treatment. Coliform densities 
were lower in the June 1 samples than in 
the June 16 samples. Samples collected on 
June 16 were affected by runoff from thun-
derstorms that contributed to increased 
bacterial densities in some of the samples. 
The highest coliform densities for both 
sampling periods were in samples from 
site 6, which is located in an area of onsite 
wastewater treatment and may indicate the 
presence of poorly functioning onsite treat-
ment systems within the catchment. Prop-
erly functioning onsite wastewater treat-
ment systems are capable of removing more 
than 99% of the fecal bacteria in domestic 
wastewater (Gerba, Wallis, & Melnick, 

1975). Similarly, fecal coliform bacteria 
from leaking sewer lines are removed by 
sorption to soils within short distances of 
the source of the leak (Hua, An, Winter, & 
Gallert, 2003). 

Two sites, one in an area of central-
ized wastewater treatment and the other 
in an area of onsite wastewater treatment, 
showed greater effects of wastewater than 
the other sites. Site 3 (centralized waste-
water treatment) had the greatest number 
of detections of OWWCs and the highest 
concentrations of NH

3
-N. Site 6 (onsite 

wastewater treatment) had the highest con-
centrations of NO

2
+NO

3
-N and the largest 

densities of fecal coliform bacteria. Water 
quality for the remaining sites showed little 
difference with respect to type of wastewa-
ter treatment.

Conclusion
Nutrient and ion concentrations gen-
erally were larger in samples from the 
residential areas than the undeveloped 

Relationship Between Optical Brighteners Fluorescence and the 
Number of Pharmaceutical and Organic Wastewater Compounds 

Detected in water samples from small streams in selected residential areas. Organic wastewater compounds 
detected in associated laboratory and field blanks were omitted from the regression analysis.    
     

y = 10.09x + 25.78 
r² = .88 
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area and likely reflect human activities. 
Effects of onsite treatment on streams 
were not obvious. Two of the sites, site 3, 
in an area of centralized wastewater treat-
ment near a suspected sewer line leak, 
and site 6, in an area of onsite wastewa-
ter treatment, appeared to show effects 
of wastewater, whereas effects were less 
obvious for the remaining sites. Concen-
trations of NO

2
+NO

3
-N and chloride in 

samples from sites in areas of onsite waste-
water treatment were statistically larger 
(p = .05) than those from sites in areas of 
centralized wastewater treatment. The site 
with the lowest NO

2
+NO

3
-N concentra-

tions was in an area of onsite wastewater 
treatment, which indicates onsite systems 
can effectively treat wastewater.

Concentrations of OWWCs and phar-
maceuticals were near detection limits. 
The largest number of these compounds 
was detected in samples from the site with 
the suspected sewer line leak. Differences 

in water quality were as large within as 
between the residential wastewater treat-
ment groups (centralized and onsite). OB 
levels were strongly correlated (r2 = .88) 
with the presence of OWWCs and phar-
maceuticals in streams draining residential 
areas. Although OWWCs and pharmaceu-
ticals do not have the same fluorescence 
spectra as OBs, they co-occur with OBs in 
wastewater. Because of this association, 
measurement of OBs may provide an eco-
nomical means of screening for wastewater 
in small streams. Methods of decreasing 
background interferences from naturally 
occurring organic matter are needed, how-
ever. Samples from site 3 (centralized 
wastewater treatment) and site 6 (onsite 
wastewater treatment) generally had higher 
levels of nutrients, OBs, and numbers of 
detected OWWCs than the other sites, 
which suggests less effective treatment of 
wastewater at these locations. 

The results of our study indicate that 
properly functioning onsite wastewater 
treatment systems had little effect on stream 
quality. Our study also illustrates that use 
of centralized wastewater treatment does 
not eliminate sources of wastewater and 
the impact of a leaking sewer line can be 
as significant as that associated with poorly 
functioning onsite wastewater treatment 
systems. Comparison of the effects of waste-
water treatment practices on stream quality 
was limited, however, by the small numbers 
of sites and samples. Because streams in 
residential areas provide a potential route 
of human exposure to emerging contami-
nants, further investigation is needed. Ana-
lytical data collected as part of our study are 
available online through the USGS National 
Water Information System at http://water-
data.usgs.gov/nc/nwis/sw. 

Optical Brighteners and Fecal Bacteria in Streamwater Samples From Study Sites in the  
Upper Neuse River Basin

Site Type Site  
#

Optical Brighteners
(Fluorescence Units)

Fecal 
Coliform 
Density
MPNa 

(col/100 
mLa)†

E. coli 
Density

MPN 
(col/100 

mL)†

% E. coli Fecal 
Coliform 
Density

MPN 
(col/100 

mL)†

E. coli 
Density

MPN 
(col/100 

mL)†

% E. coli

January 
2005

April 
2005

June 1, 
2005

June 16, 
2005

June 1, 2005 June 16, 2005

Undeveloped 1 99 105 71.8 81.5 23 (9–86) 23 (9–86) 100 140 
(60–340)

140 
(60–340)

100

Centralized 2 34.3 121 38.3 45.9 70 
(30–210)

70 (30–210) 100 240 
(100–940)

240 
(100–940)

100

Centralized 3 128 179 164 128 11 (4–29) 11 (4–29) 100 130 
(50–390)

130 
(50–390)

100

Centralized 4 46.2 44.1 30.8 42.6 23 (9–86) 23 (9–86) 100 130 
(50–390)

130 
(50–390)

100

Offsite 2 drain –a – – 191 310 – – – 130 
(50–390)

49 (20–170) 38

Onsite 5 20.6 20.4 20.2 14.1 7 (2–20) 7 (2–20) 100 170 
(70–480)

170 
(70–480)

100

Onsite 6 98.5 88.9 82.8 110 350 
(160–820)

350 
(160–820)

100 540 
(200–2,000)

540 
(200–2,000)

100

Onsite 7 107 148 191 136 13 (5–38) 13 (5–38) 100 240 (1–940) 240 (1–940) 100

aMPN = most probable number; col/100 mL = colonies per 100 milliliters;  – = not analyzed.
†Value shown in parentheses is the 95% confidence interval for the MPN.

TABLE 4 
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Introduction

Water Quality Issues Related To 
Excess Phosphorus 
Eutrophic conditions and fish kills con-
tinue to be problematic in the Tar-Pam-
lico watershed in North Carolina (North 
Carolina Division of Water Quality, 2010). 
Nutrient-sensitive water management strat-
egies were implemented in 2000 to help 
reduce nitrogen loads to the watershed and 
cap discharges of phosphorus from various 
point and nonpoint sources of nutrient pol-

lution. Despite these efforts, elevated nutri-
ent problems still exist in the river and estu-
ary. More scrutiny is now being placed on 
potential sources of pollution such as onsite 
wastewater systems (OWS) that were not 
addressed in previous regulations. 

OWS and Phosphorus Attenuation
OWS process wastewater containing 
elevated phosphorus concentrations and 
are used by approximately 48% of resi-
dences in the nutrient-sensitive Tar-Pam-
lico River basin (Pradhan, Hoover, Austin, 

& Devine, 2007). Therefore, it is impor-
tant to determine the nutrient reduction 
efficiency of OWS. While some phospho-
rus is retained in the septic tank with the 
settled solids, effluent leaving the tank 
is still enriched with total phosphorus 
(5–15 mg/L) and phosphate (1.2–12.1 
mg/L) (Corbett, Dillon, Burnett, & Schae-
fer, 2002; Humphrey & O’Driscoll, 2011; 
Robertson, Schiff, & Ptacek, 1998; U.S. 
Environmental Protection Agency, 2002). 
The soil beneath the drainfield trenches 
and down-gradient from the system may 
provide an environment for phosphate 
attenuation. In the soil beneath drain-
field trenches, the dominant phosphate 
removal processes are mineral precipi-
tation and adsorption (Robertson et al., 
1998). Mineral precipitation occurs when 
phosphate combines with other elements 
to form solids and thereby limits transport 
of phosphate away from the OWS. Soil 
capacity to adsorb significant amounts 
of phosphate onto reactive surfaces such 
as clay minerals and iron oxide coatings 
diminishes over time and can be reversed 
(desorption), thus releasing phosphate 
to groundwater. When phosphate adsorp-
tion surfaces are completely occupied, 
phosphate leaching and transport can 
occur. Thus, mineral precipitation is often 
considered a more stable sink for phos-
phate reduction (Harmon, Robertson, 
Cherry, & Zanini, 1996). 

Mineral Precipitation
Mineral precipitation beneath OWS is 
dictated by the pH and redox status of 
the soils and the availability of other ele-

0 table, 4 figures

Abst ract  The objectives for the study described in this article 

were to evaluate the fate and transport of onsite wastewater system 

(OWS)–derived phosphate from a residential system in Beaufort County, 

North Carolina, and to determine if current OWS setback regulations are 

sufficient to prevent elevated phosphate discharge to surface waters. 

Piezometers were installed in nests at different depths adjacent to drain-

field trenches and up- and down-gradient of a residential OWS. 

Groundwater and septic effluent phosphate concentrations, temperature, 

pH, dissolved oxygen, and electrical conductivity were monitored every 

two months from February 2011 to October 2011 (five times). The mean 

groundwater phosphate concentration beneath the OWS (3.05 ± 0.74 

mg/L) was not significantly different than septic effluent (2.97 ± 0.76 

mg/L) and was elevated relative to background groundwater (0.14 ± 0.12 

mg/L). Groundwater phosphate concentrations were inversely related (r2 

= .83) to distance from the system. Onsite system setback regulations 

may have to be increased (>30 m) in some areas to ensure groundwater 

phosphate concentrations are reduced to background concentrations 

before discharge to surface waters.
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ments such as calcium, iron, or aluminum 
that combine with phosphate to form 
various minerals (Zanini, Robertson, Pta-
cek, Schiff, & Mayer, 1998). For example, 
the mineral variscite (AlPO

4*
2H

2
O) may 

precipitate when soil pH is below 5.5, 
anaerobic conditions are present, and 
aluminum and phosphate

 
are available. 

When aerobic conditions are present with 
sufficient aluminum and phosphate and 
soil pH is below 8, variscite may also pre-
cipitate (Robertson et al., 1998). Streng-
ite (FePO

4*
2H

2
O) precipitation can occur 

when soil or groundwater pH is between 6 
and 8, aerobic conditions are present, and 
phosphate and iron are available (Robert-
son et al., 1998). 

Adsorption 
Several studies have indicated that soil tex-
ture beneath OWS influences phosphate 
treatment with fine-textured soils provid-
ing more phosphate reduction than coarse-
textured soils. The increased surface area 
of silt-rich and clay-rich soils provides 
more opportunity for adsorption and also 
increases the residence time of wastewa-
ter in the unsaturated zone, enhancing 
phosphate attenuation. Robertson and co-
authors (1998) reported in a literature 
review of 10 OWS in Canada that OWS 
installed in more fine-textured soils such 
as silt had much shorter phosphate plume 
lengths than medium- and coarse-grained 
sands. Karathanasis and co-authors (2006) 
evaluated the phosphorus removal effi-
ciency of different soil types by leaching 
wastewater through soil monoliths. They 
found that in general, clay-textured soils 
provided better total phosphorus treat-
ment than sandy soils. A recent study in 
coastal North Carolina (Humphrey & 
O’Driscoll, 2011) documented signifi-
cant groundwater phosphate concen-
trations beneath OWS in sandy, slightly 
acidic soils (mean: 2.46 mg/L), but much 
lower groundwater phosphate

 
concentra-

tions beneath systems in more fine-tex-
tured sandy clay loams (mean: 0.04 mg/L). 

Phosphate Transport 
Shallow groundwater phosphate concen-
trations adjacent to OWS can exceed 2 
mg/L in some coastal areas (Humphrey & 
O’Driscoll, 2011; Ptacek, 1998; Robert-

son, Cherry, & Sudicky, 1991). Because 
phosphate concentrations two orders of 
magnitude lower (~0.03 mg/L phosphate) 
may stimulate algal blooms in some surface 
waters, OWS near coastal waters must be 
efficient at reducing phosphate

 
transport or 

surface water degradation may occur (Pta-
cek, 1998). Research conducted in coastal 
sandy areas of Rhode Island (Postma, Gold, 
& Loomis, 1992) and in coastal Virginia 
(Reay, 2004) indicated minimal ground-
water phosphate transport away from 
conventional OWS. Environmental con-
ditions conducive to phosphate attenua-
tion via mineral precipitation and adsorp-
tion must have been present at those sites. 
Research conducted at three permanent 
residences on St. George Island, Florida, 
however, indicated significant groundwater 
phosphate transport in the sandy surficial 
aquifer more than 30 m from three differ-
ent types of OWS (a conventional, an aero-
bic, and an elevated OWS) (Corbett et al., 
2002). Humphrey and O’Driscoll (2011) 
reported elevated groundwater phosphate 
concentrations beneath OWS in coastal 
sandy soils of North Carolina. Therefore, 
potential exists in some environments for 
significant phosphate transport down-gra-
dient from OWS. Many coastal North Caro-
lina water resources are impaired because of 
excess nutrients, so more research is needed 
to evaluate phosphate transport from OWS 
in these settings. 

Our study objectives were to evaluate the 
fate and transport of OWS-derived phos-
phate from a residential system in Beaufort 
County, North Carolina, and to determine 
if current OWS setback regulations are suf-
ficient to prevent elevated phosphate dis-
charge to surface waters. 

Methods 

Site and System Location
A residential site in coastal Beaufort County, 
North Carolina, was chosen for our study 
because it bordered the nutrient-sensitive 
waters of the Tar-Pamlico estuary (Figure 1). 
The system components (3,780 L tank, 
distribution box, and 3–15 m long drain-
field trenches) were located on site using 
the OWS permit information and a tile 
drain probe rod. The system was installed 
in the early 1980s and was utilized by two 

Research Site in Beaufort 
County, North Carolina

Piezometer and lysimeter nests are shown as 
blue circles. Piezometer nests for groundwater 
monitoring are numbered 1p1 to 1p18. Lysimeter 
nests are located up-gradient from the system 
(BG-LY) and between the drainfield trenches 
(DF-LY). 

0 m                 15 m

 N 

1P1

1P2

1P4

1P3

1P5
1P6

1P7

1P9

1P8

1P10 

1P16

Shed 

Drainfield

Septic Tank

House 

Background

1P13
1P14

1P17
1P18
1P15

BG-LY

DF-LY
 

Down-gradient

Estuary

FIGURE 1

JEH1-2.14_PRINT.indd   29 12/6/13   4:26 PM



30 Volume 76 • Number 6

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

people during our study. Groundwater 
fl ow direction and the orientation of the 
septic plumes were estimated using elec-
trical resistivity surveying and three-point 
contouring, with some data from explor-
atory groundwater piezometers (Heath, 
1998; Humphrey, Deal, O’Driscoll, & 
Lindbo, 2010). Because wastewater con-
tains elevated concentrations of salts rela-
tive to fresh groundwater, groundwater 
affected by wastewater exhibits elevated 
electrical conductivity. Resistivity surveys 
allow production of 3-D images that reveal 
variations in the conductive properties 
of the subsurface and thus help delineate 
wastewater plumes (Humphrey et al., 
2010). The orientation of the plume image 
and the three-point water level contouring 
method (Heath, 1998) were used to deter-
mine the groundwater fl ow direction and 
to decide the location of groundwater and 
soil water monitoring points. 

Soil Characteristics
The onsite system was installed in soils 
similar in characteristics to the Seabrook 
(Mixed, thermic Aquic Udipsamments) and 
Tarboro (Mixed, thermic Typic Udipsam-
ments) soil series. Seabrook soils are char-
acterized as very sandy and moderately well 
drained with rapid permeability (15–50 
cm/hour), low cation exchange capacity 
(<3 cmol/kg), and acidic conditions (pH 
between 4.5 and 6.5) (U.S. Department of 
Agriculture [USDA], 1995). Tarboro series 
are somewhat excessively drained, coarse-
textured soils with rapid permeability 
(15–50 cm/hour) and acidic conditions (pH 
5.1–6.5) (USDA, 1995). 

Groundwater and Soil Water 
Monitoring Network 
Multidepth, nested piezometers constructed 
of 5–10 cm diameter PVC pipe with 60 cm 
screen intervals were installed between 
drainfi eld trenches, and up- and down-
gradient of the OWS fl ow paths (Figure 2). 
Hand augers were used to create boreholes 
to the desired depth, typically 1 m or so 
below the water table for the “deep” nested 
piezometer, and 0.4 m below the water 
table for the “shallow” nested piezometer. 
Piezometers were cut to the appropriate 
length and driven into boreholes. Sand was 
poured into the annular space around each 

piezometer until the screened section was 
covered. The remaining annular space was 
fi lled all the way to the surface with a mix-
ture of sand and bentonite. Soil samples at 
depths beneath the drainfi eld trenches were 
collected and sent to the North Carolina 
Agronomic Services Division for descriptive 
analysis including pH and effective cation 
exchange capacity. Water table depths were 
measured manually every two months from 
the piezometers (fi ve times overall) with a 
temperature level and conductivity (TLC) 
meter. The TLC meter consists of a water 
sensor at the end of a tape measure con-
nected to a reel that allows for quick, man-
ual determination of water table depths. 
The meter was calibrated before each use. 
Lysimeters were installed in nests in the 
unsaturated zone (above water table) at 90, 
120, and 150 cm below the surface near 
background and drainfi eld piezometers 
(Figure 2). Lysimeters were used to collect 
soil water samples. 

Sampling Procedures
Septic tank, lysimeters, piezometers, 
and the estuary were sampled every two 
months during February–October 2011 
(fi ve times). A hand vacuum pump was 
used to pull soil water from the tension 
lysimeters and then into sample bottles. A 
new disposable bailer was used to collect 
groundwater samples from each piezom-
eter. Septic tank samples were collected 
using a peristaltic pump connected to rigid 
tubing inserted into the clear zone of the 
tank through access manholes. A sample 
bottle was lowered in the estuary to col-
lect the surface water samples. Groundwa-
ter, estuary, and septic tank samples were 
analyzed for pH, electrical conductivity, 
dissolved oxygen (DO), and tempera-
ture using a multimeter. The multimeter 
allowed for quick fi eld analysis of most 
environmental parameters and was cali-
brated before each sampling event. Water 
and septic tank samples were kept on ice 
in a cooler and transported to the East 

Soil Water and Groundwater Monitoring Network 

Network includes piezometers and lysimeters nested at different depths up-gradient and between drainfi eld 
trenches. Piezometers were also nested down-gradient from the system. 
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FIGURE 2
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Carolina University Central Environmen-
tal Laboratory (CEL) within 12 hours for 
phosphate analyses. Graduate students 
assisted with sample collection, transport, 
and laboratory analysis to maintain the 
chain of custody. Water samples were fi l-
tered at the CEL. Samples were analyzed 
for phosphate using the U.S. Environmen-
tal Protection Agency–approved Smart 
Chem 200 method. 

Statistical Comparison Groups
Septic tank effl uent phosphate concen-
trations were compared to groundwater 
phosphate between the OWS trenches to 
assess the effectiveness of OWS in reduc-
ing phosphate concentrations before 
discharge to groundwater. Groundwater 
phosphate concentrations between the 
drainfield trenches were compared to 
background groundwater to evaluate the 
effects of OWS on shallow groundwater. 
Soil water phosphate concentrations from 
background lysimeters were compared 

to samples collected between drainfi eld 
trenches to determine OWS infl uence on 
soil water. North Carolina regulations 
dictate that OWS must be located at least 
15–30 m+ from surface waters depend-
ing on the surface water classifi cation 
(15A NCAC 18A .1950d). Down-gradient 
groundwater phosphate concentrations 
≤15 m from the OWS were compared to 
those between 15 and 30 m. Down-gradi-
ent groundwater samples 30–35 m from 
the system were compared to groundwa-
ter samples collected at 35–40 m+ and 
the estuary. Mann-Whitney tests (Davis, 
2002) were performed using Minitab 16 
statistical software to determine if signifi -
cant differences in phosphate concentra-
tions existed between comparison groups. 
A linear regression of groundwater phos-
phate concentrations plotted against 
distance down-gradient from the OWS 
was used to determine the relationship 
between setback distance and groundwa-
ter phosphate concentrations. 

Results

Physical and Chemical Parameters 
of Water
Groundwater levels beneath the OWS fl uc-
tuated by nearly 1 m during our study. The 
lowest level observed during sampling was 
in early August 2011 (1.98 m below sur-
face), while the highest water levels occurred 
in October 2011 (0.98 m below surface). 
Groundwater fl ow direction was predomi-
nantly toward the south east (1p4 towards 
1p16) (Figure 1). Groundwater samples col-
lected from piezometers 1p4 to 1p10, 1p13, 
and 1p16 were considered to be within the 
OWS plume and were used to determine 
concentration reductions with distance from 
the system. 

Mean water sample temperatures, electri-
cal conductivity, and pH levels were highest 
for septic effl uent (20.4 ± 5.9°C, 1,314 ± 95 
µS/cm, and 7.3 ± 0.3), and were elevated in 
groundwater between drainfi eld trenches 
(17.1 ± 3.8°C, 809 ± 213 µS/cm, and 6.6 ± 
0.4) relative to adjacent background ground-
water values (16.4 ± 4.9°C, 86 ± 213 µS/cm, 
and 6.3 ± 0.8). These data confi rm that waste-
water was infl uencing the physical and chem-
ical properties of groundwater adjacent to the 
OWS. The highest mean DO concentrations 
(3.3 ± 1.1 mg/L) were in the background 
groundwater piezometers. Mean DO concen-
trations beneath the drainfi eld trenches were 
3.2 ± 0.4 mg/L, indicating aerobic conditions. 
Septic effl uent had the lowest DO levels (0.3 ± 
0.1 mg/L). The soil pH beneath the drainfi eld 
trenches (6.9) was lower than septic effl u-
ent pH (7.3), but higher than groundwater 
between disposal fi eld trenches (6.7), indicat-
ing the infl uence of wastewater on soil chemi-
cal properties. 

Phosphate Analysis
Average septic tank effluent phosphate 
concentrations (2.97 ± 0.76 mg/L) were 
within the range of effluent concentra-
tions reported in other studies (Corbett et 
al., 2002; Humphrey & O’Driscoll, 2011; 
Robertson et al., 1998). Groundwater phos-
phate concentrations between the drain-
fi eld trenches (3.05 ± 0.74 mg/L) were not 
signifi cantly different at p < .05 than septic 
effl uent concentrations and were elevated 
relative to background conditions (0.14 ± 
0.12 mg/L) (Figure 3). Soil water phosphate 

Mean Phosphate Concentrations at the Research Site 

BG = background groundwater; BG-LY = background soil water; ST = septic tank effl uent; DF-LY = soil water 
between drainfi eld trenches; and DF = groundwater between drainfi eld trenches. The numbers 15, 30, 35, and 40+ 
refer to distances down-gradient from the system. 
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concentrations in background lysimeters 
(0.02 ± 0.01 mg/L) were significantly lower 
than soil water phosphate concentrations 
between drainfield trenches (1.27 ± 0.58 
mg/L) as shown in Figure 3. Groundwater 
phosphate

 
concentrations within the plume 

(1p4 towards 1p16) typically decreased 
with distance from the OWS. For example, 
groundwater within 15 m of the OWS had 
mean phosphate concentrations of 2.22 ± 
0.85 mg/L, while mean groundwater phos-
phate

 
between 15 and 30 m from the system 

was 1.19 ± 0.76 mg/L; groundwater between 
30 and 35 m from the system contained 
0.84 ± 0.59 mg/L phosphate; and ground-
water more than 35 m from the system had 
0.05 ± 0.05 mg/L phosphate

 
(Figure 3). The 

estuary had mean phosphate concentra-
tions of 0.06 ± 0.08 mg/L (Figure 3). 

Groundwater phosphate concentra-
tions showed an inverse relation (r2 = .83) 
to distance from the OWS (Figure 4). Based 
on the regression equation (y = -0.0618x + 
2.5538) and mean background phosphate

 

concentration (0.14 mg/L), a 39 m setback 
distance would be required to reduce OWS-
derived phosphate concentrations to back-
ground levels. 

Discussion 

Onsite System Phosphate 
Attenuation
The dominant phosphate removal pro-
cesses in soils beneath OWS are mineral 
precipitation and adsorption (Robertson 
et al., 1998). Precipitation of the minerals 
strengite or variscite would be possible at 
this site during the study period given the 
near-neutral pH of soil (6.9) and ground-
water beneath the drainfield (6.7) as well 
as aerobic conditions (DO: mean 3.2 
mg/L) (Robertson et al., 1998). Vivianite 
(Fe

3
[PO

4
]

2
*8H

2
O) is another iron-based 

mineral that could precipitate at this site. 
Given the soil and groundwater pH, vivian-
ite formation would be possible if anaerobic 
conditions occurred between the drainfield 
and estuary and if phosphate and iron were 
available (Ptacek, 1998). Mean phosphate 
concentrations in groundwater beneath the 
OWS were not significantly different, how-
ever, than septic effluent and groundwater 
phosphate concentrations more than 30 m 
down-gradient from the system and were 

still elevated relative to background levels. 
These data indicate that phosphate attenu-
ation processes were not sufficient to pre-
vent groundwater enrichment of phosphate

 

at distances greater than the minimum set-
backs from OWS to surface waters (15–30 
m depending on water classification). 

The OWS in our study was installed in 
sandy, permeable, low-reactive surface area 
Tarboro and Seabrook soil series. The OWS 
had been in use for more than 25 years. It 
is possible that the phosphate adsorptive 
capacity of the sandy soils was exceeded 
over the past few decades allowing for sig-
nificant phosphate transport more than 30 
m down-gradient. It is also possible that 
phosphate minerals did not form because 
not enough iron was available for precipi-
tation of variscite, strengite, or vivianite. 
The Seabrook soils at the research site 
were located near the front of the drain-
field trenches and between the OWS and 
the estuary. The Seabrook series soils in 
Beaufort County, North Carolina, typically 
have a light gray color (chroma less than 
2) starting at depths 1 m below the surface 
(USDA, 1995). The gray colors indicate a 
lack of iron-coated sand grains and poten-
tial iron deficiency at that depth (Richard-
son & Vepraskus, 2001). Even if phosphate 
is abundant and pH and redox potential are 
conducive to formation of variscite, streng-

ite, or vivianite, precipitation is unlikely if 
iron is not present. 

Onsite System Setback Distances
The OWS was contributing elevated con-
centrations of phosphate to soil water 
and shallow groundwater beneath and 
down-gradient from the system. While 
groundwater phosphate concentrations 
decreased with increasing distance from 
the system, elevated concentrations (0.84 
± 0.59) were still discovered more than 
30 m down-gradient. Research conducted 
in various areas of Canada (Robertson et 
al., 1998) and St. George Island, Florida 
(Corbett et al., 2002) also found elevated 
phosphorous concentrations more than 
30 m down-gradient from OWS installed 
in sandy, coastal soils. For our site, it was 
determined that a 39 m setback would be 
necessary to reduce phosphate

 
concentra-

tions to background levels. Thus, 30 m may 
not be a sufficient setback distance from 
OWS to surface waters in some settings. 

Conclusion
Our study has shown that OWS installed 
in some sandy coastal environments can 
contribute significant phosphate to shal-
low groundwater more than 30 m down-
gradient from the OWS. The OWS in our 
study was located more than 40 m from 

Regression of Phosphate Concentrations and Distance From  
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y = -0.0618x + 2.5538
r 2 = .83127 

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

0 5 10 15 20 25 30 35 40 45 

Distance From System (m) 

PO
4 (

m
g/

L)

FIGURE 4

JEH1-2.14_PRINT.indd   32 12/6/13   4:26 PM



 January/February 2014 • Journal of Environmental Health 33

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

the estuary and thus phosphate concentra-
tions were reduced to background levels 
before reaching surface waters. In eastern 
North Carolina and other coastal regions, 
setback distances from OWS may need to 
be increased, however, to protect nutrient-
sensitive waters or more advanced technol-
ogies employed to reduce phosphate trans-
port in some areas. 
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Introduction
Cataracts are common concomitants of 
aging, and restoration of vision after the 
effects of cataracts usually requires surgery. 
The cost of cataract surgery and related doc-
tor visits to Medicare in 2010 was budgeted 
at $3.2 billion (Lane & Aggarwala, 2010). 
While cataract surgery is effective, compli-
cations of such surgery exist. As longevity 
increases, the number of persons having 
cataract surgery is likely to rise. Thus, diag-
nosis of cataracts imposes a health burden 

to the individuals involved and to health 
care costs for society.

Three types of age-related cataracts 
include nuclear, cortical, and posterior sub-
capsular. While the most important risk fac-
tor for each type of cataract is age, evidence 
suggests different factors may increase risk, 
and those factors appear to differ among the 
three types. For example, smoking is associ-
ated with increased risk of nuclear cataract, 
diabetes with cortical cataract, and steroid 
medications with posterior subcapsular 

cataract (PSC). Conversely, statin medica-
tions appear to decrease the risk of nuclear 
cataract (Klein, Klein, Lee, & Grady, 2006).

Several environmental exposures have 
been associated with eye diseases. For 
example, high-dose whole body radia-
tion exposure is associated with cataracts 
(Blakely et al., 2010; Little, 2009), occu-
pational exposure to ionizing radiation is 
associated with posterior lens changes 
(Ciraj-Bjelac et al., 2010), and the more 
conventional exposure to environmental 
UV-B in ambient light is associated with 
cortical cataracts (Cruickshanks, Klein, & 
Klein, 1992). Other environmental expo-
sures, such as lead, gold, copper, and heavy 
metals have been hypothesized to increase 
the risk of developing cataracts (Ernst, 
Baltzan, Deschenes, & Suissa, 2006; Scha-
umberg et al., 2004).

Efforts to identify modifiable risk fac-
tors continue. In the Beaver Dam cohort, 
data were available for the established risk 
factors for cataracts as well as geocoded 
residential locations, which allowed us 
to characterize the cohort by location. In 
addition, exploratory spatial analyses uti-
lized environmental monitoring data of 
rural well water to evaluate cataract risk. 
We hypothesized that rural living may be 
associated with the development of specific 
cataract types in older adults.

Methods

Population
Methods used to identify and describe 
the population have appeared in detail 
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in previous reports (Klein, Klein, & Lee, 
1996; Klein, Klein, Lee, Cruickshanks, & 
Chappell, 2001; Klein, Klein, Lee, Cruick-
shanks, & Gangnon, 2006; Klein, Klein, 
Linton, & De Mets, 1991; Linton, Klein, & 
Klein, 1991). In brief, a private census of 
the population of Beaver Dam, Wisconsin 
(99% white), was performed from fall 1987 
to spring 1988 (Linton et al., 1991). Of the 

5,924 enumerated persons 43–84 years 
of age, 4,926 participated in the baseline 
examination in 1988 to 1990. In the three 
follow-up examinations, 3,722, 2,962, 
and 2,375 persons participated in the 5, 
10, and 15-year follow-up examinations, 
respectively (Klein et al., 1996; Klein et 
al., 2001; Klein et al., 2006; Klein et al., 
1991). Tenets of the Declaration of Hel-

sinki were followed, institutional human 
experimentation committee approval from 
the University of Wisconsin was granted, 
and informed consent was obtained from 
all subjects in the form of a signature veri-
fying they had read an explanation of pro-
cedures and policies and agreed to them. 
During the study visit, standard measure-
ments were made and a codified question-
naire was administered.

Photographs of the lenses were taken 
with two different cameras: a slit-lamp 
camera and a retroillumination camera 
(Klein, Klein, Linton, Magli, & Neider, 
1990). The pupil diameter at the time of 
the baseline photographs was recorded 
on the examination form for each of the 
two subsequent examinations. The grad-
ing procedures for the lens were based on 
detailed codified decision rules (Klein et 
al., 1990). Graders were masked to sub-
ject identity and personal characteristics. 
Scores for nuclear sclerosis were based on 
comparisons with standard photographs. 
The scale has five levels of severity based 
on opacity of the nucleus, with 1 indicat-
ing no opacity and 5 indicating a great 
amount of opacity. Levels 4 and 5 were 
considered to be cases of nuclear cataract 
in this and previous publications of preva-
lence data (Klein, Klein, & Linton, 1992). 
Scores for cortical cataract and PSC were 
based on weighted estimates of the degree 
of opacity of the lens area, as defined by a 
circular grid, divided into eight pie-wedge 
shaped peripheral areas and a central cir-
cular area overlaid on the photograph 
(Klein et al., 1990). Cases of cortical 
cataract were those with opacity of 5% or 
more of the lens surface. PSC opacity was 
defined as 5% or more of a grid segment. 
The classification of cataract types cor-
responded to a lens opacity of sufficient 
severity that a clinical ophthalmologist 
would label it as a cataract (Klein et al., 
1990). The estimates of incidence were 
based on all persons having correspond-
ing gradable subfields at all visits.

Geocoding Participants’ Location
Participants’ street mailing addresses at the 
baseline examination were assigned latitude 
and longitude coordinates (i.e., geocodes) 
to the address point location with an 80% 
spelling and 80% overall sensitivity score 

Orthophoto Showing Boundaries of Beaver Dam ZIP Code 53916

Also includes edge (1/4 mile inside and outside) of Beaver Dam city boundary and city of Beaver Dam. 

FIGURE 1
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Participant Characteristics by Urban/Edge/Rural Residential Status in the Beaver Dam Eye Study

Characteristics Urban
(n = 2263)

Edge
(n = 540)

p-Value p-Valuea Rural
(n= 450)

p-Value p-Valuea

Crude % Crude % Crude %

Age (years)
43–54 35.7 32.41 .42 .43 46.89 <.001 <.001
55–64 29.21 31.67 30.89
65–74 26.38 27.59 17.78
≥75 8.71 8.33 4.44

Alcohol use
No 12.46 12.41 .97 .9 11.78 .69 .9
Yes 87.54 87.59 88.22

Comorbiditiesb

No 71.91 71.7 .92 .97 76.92 .03 .38
Yes 28.09 28.3 23.08

Hypertensionc

No 51.37 54.63 .17 .12 56.89 .03 .33
Yes 48.63 45.37 43.11

Income ($/year)
≤29,000 60.4 57.5 .22 .13 53.69 .009 .67
≥30,000 39.6 42.5 46.31

Education
<High school 20.88 31.3 <.001 <.001 25.33 .003 <.001
High school 46.84 44.63 47.78
College 15.57 12.96 15.33
>College 16.72 11.11 11.56

Sex
Female 56.12 57.04 .7 .74 51.11 .05 .09
Male 43.88 42.96 48.89

Smoking status
Never 43.94 44.81 .73 .88 50.22 .08 .002
Past 36.78 36.3 31.11
Current 19.27 18.89 18.67

Steroid use
No 95.75 95.42 .74 .76 96.56 .44 .53
Yes 4.25 4.58 3.44

Visual acuityd

Better than 20/40 98.13 97.59 .47 .55 99.55 .03 .2
20/40–20/160 1.69 2.22 0.45
20/200 and worse 0.18 0.19 0.00

Sedentary lifestyle
No 27.93 24.44 .1 .11 18.44 <.001 <.001
Yes 72.07 75.56 81.56

Sunlight exposure
Unexposed 74.46 75.93 .48 .48 79.15 .036 .036
Exposed 25.54 24.07     20.85    

aAdjusted for age and gender. 
bIncludes cancer, diabetes, and cardiovascular disease. 
cDefined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg or use of antihypertensive medication. 
dBest corrected visual acuity in the better eye.

TABLE 1
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using ArcView GIS 3.2. For unmatched 
addresses using street address, the nine 
digit ZIP code line segment centroid was 
used as the geocode. For the remaining 
unmatched addresses, the 1990 ZIP code 
centroid was used.

To examine location as a risk factor, the 
authors assigned participants who lived in 
the ZIP code of 53916 (Beaver Dam, Wis-
consin) at baseline an edge, urban, or rural 
classification. “Edge” was defined as living 
within a buffer zone, i.e., within a quar-
ter mile of either side of the Beaver Dam 
incorporated boundary in 1990 (U.S. Cen-
sus Bureau, 2005). “Urban” was defined as 
living within the Beaver Dam incorporated 
area in 1990 but not within the buffer 
zone. “Rural” was defined as not living in 
either the Beaver Dam incorporated area or 
the buffer zone in 1990 but within the ZIP 
code of 53916 (Figure 1). For exploratory 
analysis of rural participants’ exposure to 
nitrate-nitrogen exposure from drinking 
private well water, the authors reclassified 
the geocoded locations as living outside 
of the incorporated area of Beaver Dam 
(rural) or not.

Nitrate-Nitrogen Well Water Data
We obtained publicly available data on 
nitrate-nitrogen contamination of ground-
water from the Wisconsin Department of 
Agriculture, Trade and Consumer Protec-
tion (WDATCP). As part of the Atrazine 
Rule Evaluation Study, WDATCP randomly 
sampled 289 private wells using a strati-
fied random sampling procedure to analyze 
the groundwater for various herbicides and 
nitrate-nitrogen in 1994 (Baldock, 1993; 
LeMasters & Baldock, 1997; Vanden Brook 
et al., 2002). These samples were analyzed 
using gas chromatography for nitrate-nitro-
gen by the WDATCP’s Bureau of Laboratory 
Science. Wisconsin residents living outside 
of incorporated city or village boundaries 
rely on private wells located near their resi-
dences for their drinking water. 

Estimation Approach
Natural neighbor interpolation (Sibson, 
1981) was used to estimate nitrate-nitro-
gen levels in groundwater across the entire 
state. Natural neighbor interpolation uses 
a weighted moving average of concentra-
tions of nitrate-nitrogen residues in resi-

dential drinking water in surrounding or 
neighboring observed wells. Neighboring 
points and the corresponding weights are 
based on the Voronoi diagram of the data 
points (Okabe, 2000). The Voronoi dia-
gram of a set of points is a partitioning of 
the plane into regions associated with each 
point such that every point in a given parti-
tion is closer to the generating point than 
any other point. This interpolation was per-
formed using ArcGIS 9.3.

Statistical Methods
Variables used in the analyses were age at 
examination; educational status (four cat-
egories: less than high school graduate, 
high school graduate or GED, some col-
lege or baccalaureate degree, and gradu-
ate or professional school [e.g., law, medi-
cine]); income (dichotomous, defined 
as reported annual household income of  
≤$29,000 or ≥$30,000); history of com-
orbitidities (cardiovascular disease, can-
cer, and diabetes; all were dichotomous); 
reported drinking alcohol at least one 
time in the previous year (dichotomous); 
steroid use (dichotomous; defined as cur-
rently taking any steroid medication); and 
smoking status (three categories: current, 
former, and never). A never smoker was 
defined as someone who had smoked less 
than 100 cigarettes in his or her lifetime; 
a former smoker had smoked at least 100 
cigarettes in his or her lifetime but was not 
currently smoking every day or some days; 
a current smoker was defined as smoking 
at least 100 cigarettes in his or her lifetime 
and currently smoking every day or some 
days. Level of physical activity was also 
included in the analyses; a sedentary life-
style was defined as engaging in physical 
activity that caused sweating fewer than 
three times per week, and an active life-
style was defined as engaging in physical 
activity that caused sweating three or more 
times per week.

Incidence of cataract was calculated 
separately for each eye for each type of age-
related cataract, taking into account the 
competing risk of death and cataract sur-
gery. For the incidence of a particular cata-
ract type, the population at risk included all 
eyes free of that cataract type and cataract 
surgery at baseline. The 15-year cumula-
tive incidence was calculated for each eye 

separately, and was reported for the right 
eye only (Table 2) (Kaplan, 1958). Odds 
ratios (OR), confidence intervals (CI), and 
p-values were modeled by incorporating 
data from both eyes, using general estimat-
ing equation (GEE) techniques to account 
for correlation between the eyes (Table 2) 
(Hosmer & Lemeshow, 1989). SAS version 
9 was used for all analyses (Klein, Klein, & 
Moss, 1997).

Eligibility Criteria
Those eyes whose lenses were removed 
due to trauma or in conjunction with 
ocular surgery unrelated to cataract were 
excluded. Other specific characteristics 
caused an eye to be excluded from the cal-
culation of incidence of an age-related cat-
aract; these included intraocular surgery, 
invasive intraocular trauma, confounding 
lens lesions in the photographs, absence of 
a photograph, or ungradable photograph 
at the baseline or follow-up examination. 
Analyses are based on those persons who 
lived within the ZIP code of 53916 (Beaver 
Dam) at the time of the baseline exami-
nation and had a geocode match to the 
address or nine-digit ZIP code. 

Eligible Participants
Of the 3,684 people seen at baseline and 
then at follow-up, 48 were excluded for 
residing outside of the 53916 ZIP code 
and six more were excluded because they 
had geocodes of their ZIP code centroid. 
In other words, for these six participants, 
their specific location within Beaver Dam 
ZIP code could not be ascertained; they 
could have lived within the city limits, in 
the edge, or in the rural part of the ZIP 
code. Of the remaining 3,630 eligible par-
ticipants, 268 people were excluded from 
all analyses for right eye cataract and 254 
were excluded from all analyses for left 
eye cataract due to surgery or trauma. 
An additional 217 were excluded from 
right eye analyses and 204 were excluded 
from left eye analyses due to missing or 
ungradable photos (including those with 
confounding lesions). Overall, a total of 
377 participants were excluded from all 
analyses for both eyes, and 3,253 partici-
pants contributed to GEE modeling for at 
least one outcome.
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Results
Characteristics of all participants in the Bea-
ver Dam Eye Study cohort were similar to 
the participants contributing to these study 
analyses (data not shown). Rural residents 
tended to be statistically younger, male, less 
educated, more sedentary, and never smok-
ers compared to urban residents, and edge 
residents tended to be less educated than 
urban residents (Table 1).

The cumulative incidence of each cata-
ract endpoint by urban/rural/edge home 
location indicates slight differences in 
cumulative incidence among the three 
cataract types (Table 2). Within each type 
of cataract, compared to those living in 
urban areas, the lowest incidences were for 
those living in rural areas and then those 
living in the edge areas. Compared to urban 
residents, the OR (95% CI) for rural par-
ticipants’ risk of cortical cataract, nuclear 
cataract, and PSC were 0.92 (0.73, 1.16), 
0.85 (0.69, 1.06), and 0.71 (0.48, 1.05), 
respectively, controlling for age, sex, smok-
ing status, and educational status (Table 2). 
Adding other important covariates listed 
in Table 1 as well as duration of residence 
from baseline by location did not alter the 
results. Little change occurred in ORs when 
we included the number of years living in 
the same location.

To further examine potential effects of 
place of residence on cataract risk, we eval-
uated rural residents (n = 640) who lived 
outside of the Beaver Dam city limits but 
within the Beaver Dam Zip code of 53916 
and their relative exposure to nitrate-nitro-
gen in their drinking water. Compared to 
rural residents with nitrate-nitrogen expo-
sure of less than 5 parts per million (ppm), 
rural residents whose well water had con-
centrations of nitrate-nitrogen of 10 ppm 
(OR; 95% CI) had higher odds of devel-
oping cortical cataract (1.37; 0.81, 2.31), 
nuclear cataract (0.97; 0.58, 1.61), and 
PSC (1.23; 0.50, 3.05), although the rela-
tionships were not statistically significant 
after adjusting for age, gender, educational 
status, and smoking (Table 3). No appar-
ent effect occurred of quantity of water 
consumed or of use of a water filter in the 
home water system on these relationships 
(data not shown).

Cumulative Incidence in Right Eyes and Multivariable-Adjusted  
Odds Ratio of All Eyes for Cataract Type by Residential Location 

Right Eye Only All Eligible Eyes

Cataract Type At Risk 
(n)

Cumulative 
Incidence (%)a

Adjustedb 
ORc

Adjustedb 
95% CIc

Adjustedb p-
Value

Cortical cataract

Urban 1985 20.8 Ref

Edge 472 20 0.94 0.77, 1.16 .59

Rural 414 16.3 0.92 0.73, 1.16 .47

Nuclear cataract

Urban 2000 26.9 Ref

Edge 462 27.1 0.97 0.80, 1.17 .74

Rural 409 19.1 0.85 0.69, 1.06 .16

PSCc

Urban 2162 7.3 Ref

Edge 514 7.6 1.05 0.78, 1.42 .74

Rural 432 4.6 0.71 0.48, 1.05 .09

aAccounts for competing risk of death.  
bAdjusted for age, gender, education, and smoking status. 
cOR = odds ratio; CI = confidence interval; PSC = posterior subcapsular cataract.

TABLE 2

Cumulative Incidence in Right Eyes and Multivariable-Adjusted 
Odds Ratio of All Eyes for Cataract Type by Nitrate Levelsa in 
Water Supply of Rural Residents 

Right Eye Only All Eligible Eyes

Cataract Type At Risk 
(n)

Cumulative 
Incidence (%)b

Adjustedc 
ORd

Adjustedc 

95% CId
Adjustedc 
p-Value

Cortical cataract

Low nitrate 261 15.3 Ref

Mid nitrate 257 17.4 1.03 0.70, 1.51 .88

High nitrate 74 18.5 1.37 0.81, 2.31 .24

Nuclear cataract

Low nitrate 256 20.7 Ref

Mid nitrate 256 17.2 0.8 0.56, 1.15 .23

High nitrate 68 28.4 0.97 0.58, 1.61 .9

PSCd

Low nitrate 271 3.7 Ref

Mid nitrate 268 5.9 1.07 0.55, 2.08 .85

High nitrate 77 2.9 1.23 0.50, 3.05 .65

aLow nitrate level ≤4 parts per million (ppm); mid = 5–9 ppm; high ≥10 ppm. 
bAccounts for competing risk of death.  
cAdjusted for age, gender, education, and smoking status. 
dOR = odds ratio; CI = confidence interval; PSC = posterior subcapsular cataract.

TABLE 3
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Discussion
In our study, the Beaver Dam cohort did not 
have an increased risk of cataracts if they 
lived in a rural environment, after adjusting 
for age, sex, educational status, and smok-
ing status. Rather, they seem to have been at 
a reduced risk, though not statistically sig-
nificant. A strength of our study is presence 
and type of cataract determined by objec-
tive grading of standard images from their 
cohort. Furthermore, data were prospec-
tively collected on established risk factors for 
cataracts and adjusted for those that vary by 
urban, edge, or rural status.

Before we began these analyses, we 
hypothesized that differences might exist 
in cataract incidence related to loca-
tion. Historically, the known disparity 
in health of individuals living in a rural 
environment compared to those living in 
an urban environment have documented 
differences in health care access and uti-
lization, cost, and geographic variations 
in providers, specialists, and services 
(Hartley, 2004). With an increased use 
of multilevel modeling, environment-
specific factors are also being studied 
to understand the differences in health 
outcomes between urban and rural resi-
dents (Verheij, 1996). Although virtually 
all support the concept that life in the 
country is different from life in town, the 
specifics related to these differences par-
ticularly as they pertain to environmental 
exposures have yet to be fully character-
ized. We could not find any literature 
that addressed variations in cataract 
risk within a small geographic area that 
related to rural and small city residents. 
In comparing cataract risk for those liv-
ing in a rural setting to those living in a 
small city, we found a nonstatistically sig-
nificant reduced risk for rural residents. 
We were unable to identify the factor or 
factors that led to this finding from data 
collected in our longitudinal study. 

To evaluate location beyond categorizing 
residential location as urban, edge, or rural, 
we also explored the potential relationship 
of nitrate-nitrogen exposure from drink-
ing water and cataract risk. The source of 
nitrate-nitrogen in drinking water is from 
applications of it along with other agricul-
tural chemicals to agricultural fields (Van-
den Brook et al., 2002). The Safe Water 

Drinking Act of 1996 sets the maximum 
allowable level of nitrate-nitrogen in pub-
lic drinking water at 10 ppm. This level 
is based on an association of incidence of 
methemoglobinemia (blue baby syndrome) 
and exposure to nitrate-nitrogen in drink-
ing water (Johnson & Kross, 1990). Unlike 
public drinking water, no regulations exist 
on private drinking water regarding test-
ing or remediation of contaminants. In 
Wisconsin, the percentage of private wells 
with nitrate-nitrogen levels ≥10 ppm has 
remained steady at approximately 9% 
(Brandt et al., 2008). In the segment of the 
population that might have had significant 
exposure to agricultural chemicals (i.e., 
rural persons who use well water), mea-
sured by 10 ppm nitrate-nitrogen exposure 
in drinking water, the authors did not see a 
difference in relative risk of cataracts com-
pared to those with low levels of nitrate-
nitrogen exposure (<5 ppm). This finding 
provides some evidence that exposure to 
agricultural chemicals in drinking water 
may not influence cataract risk. 

Inferences from our study should be 
drawn cautiously due to several limitations. 
Our study was performed in a relatively 
small city in the Midwestern U.S. Urban-
rural differences in exposures in this setting 
are likely to differ from urban-rural differ-
ences in and around larger cities, so these 
data may not reflect differences elsewhere. 
The Beaver Dam cohort is virtually entirely 
of northern European ancestry; differences 
in ethnicity and genetic background may 
affect susceptibility to cataract risk fac-
tors and this may differ in urban and rural 
environments. We were not able to evalu-
ate gene-environment interaction. Another 
limitation of our study was the relatively 
small sample size in which a small or mod-
est effect size may not have been able to 
be detected. The nitrate-nitrogen exposure 
assessment used interpolated values from 
a relatively small number of randomly 
selected wells, which could not take into 
consideration any geological variation in 
water distribution. Finally, no data were 
collected on complete water consumption 
habits, including source of water. There-
fore, only exposure to residential drinking 
water was evaluated.

Conclusion
These results suggest that further research 
of differences associated with environmental 
exposures in cataract incidence is necessary, 
as cataract is a common condition responsible 
for functional disability. In evaluating nitrate-
nitrogen exposure through drinking water, 
results suggest that exposure to agricultural 
chemicals in rural drinking water was not a 
likely source of cataract risk. We were unable 
to identify any specific factor or factor(s) asso-
ciated with a reduced cataract risk for rural 
residents compared to small city residents. 
Identifying modifiable risk factors may result 
in decreased incidence of this condition. This 
would provide a benefit to quality of life and 
to reduced medical costs. 
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Introduction
Radon is one of four top environmental 
risks to public health (Reuben, 2010). 
Exposure to radon, a naturally occur-
ring gas derived from the decomposition 
of uranium in the ground, is the second-
leading cause of lung cancer and is associ-
ated with an estimated 15,400 to 21,800 
cases of lung cancer in the U.S. each year 
(Committee on Health Risks of Exposure 
to Radon, 1999). Reducing the risk of 
radon exposure in homes with and with-
out basements requires testing for radon 
and installing radon mitigation systems if 

radon levels are high (U.S. Environmen-
tal Protection Agency [U.S. EPA], 2012). 
Residential radon levels below 4 picocu-
ries per liter (pCi/L), equivalent to 148 
becquerels per cubic meter (Bq/m3), are 
recommended by U.S. EPA (2012). The 
World Health Organization (WHO, 2009) 
recommends national radon reference lev-
els of 2.7 pCi/L (100 Bq/m3).

Public awareness of radon is high in 
the U.S. and Canada, with 52%–82% 
reporting having heard of radon, but only 
8%–15% reporting testing or considering 
radon testing (Environics Research Group, 

2007; Gregory & Jalbert, 2004; Halpern & 
Warner, 1994; Wang, Ju, Stark, & Teresi, 
2000). The gap between radon awareness 
and testing presents a challenge to public 
health professionals. 

Correlates of intentions to test for radon 
include perceived community radon risk, 
perceived susceptibility, perceived sever-
ity, perceived community concern, and 
number of known radon testers (Weinstein, 
Sandman, & Roberts, 1991). Other fac-
tors positively associated with radon test-
ing include education (Wang et al., 2000); 
income (Halpern & Warner, 1994; Hill, 
Butterfield, & Larsson, 2006); female gen-
der (Halpern & Warner, 1994); presence of 
children living in the home (DiPofi, LaTour, 
& Henthorne, 2001); home ownership (Hill 
et al., 2006); and younger age (Halpern & 
Warner, 1994; Wang et al., 2000). 

Synergistic risk perception, one’s assess-
ment of risk from combined exposure to 
radon and tobacco smoke, may also influ-
ence radon risk reduction behavior (Hamp-
son, Andrews, Barckley, Lichtenstein, 
& Lee, 2000; Lichtenstein et al., 2008). 
Although radon is a risk for both smokers 
and nonsmokers, those who have smoked 
and have had radon exposure have a higher 
risk of developing lung cancer because of 
multiplicative interaction between tobacco 
smoke and radon on lung cancer risk 
(Committee on Health Risks of Exposure to 
Radon, 1999). Despite smokers’ increased 
radon-related risk, they may be less con-
cerned about radon than nonsmokers 
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(Kennedy, Probart, & Dorman, 1991; Main-
ous & Hagen, 1993).

 Reduction of radon-related lung cancer 
risk is particularly relevant in Kentucky, 
which leads the nation in lung cancer inci-
dence (125.1 in Kentucky versus 79.5 per 
100,000 nationally; U.S. Cancer Statistics 
Working Group, 2012); has historically 
been a national leader in smoking (24.8% 
versus 17.3% nationally; Centers for Dis-
ease Control and Prevention [CDC], 2010); 
and has many counties with residential 
radon levels above the U.S. EPA action level 
(Western Kentucky University, 2009). The 
Kentucky Radon Program partners with 
local health departments, the University 
of Kentucky Clean Indoor Air Partnership, 
and Western Kentucky University Environ-
mental Health and Safety for radon aware-
ness activities and the distribution of free 
radon test kits. Despite these educational 
efforts and high homeownership (69.9% 
versus 66.6% nationally; U.S. Census 
Bureau, 2012), fewer than 1% of Kentucky 
homes have been tested or mitigated (C. 
Hardwick, personal communication, June 
29, 2012).

The purpose of our study was to investi-
gate whether perceived severity, perceived 
susceptibility, synergistic risk perception, 
social influence, and smoking status are 
associated with intention to test for radon, 
controlling for age, gender, and education. 
A secondary purpose was to examine fac-
tors related to perceived radon severity. We 
hypothesized that those with higher levels of 
perceived severity, perceived susceptibility, 
synergistic risk perception, social influence, 
and those with a nonsmoking history would 
be more likely to plan radon testing. Further, 
we hypothesized that perceived susceptibil-
ity, synergistic risk perception, social influ-
ence, and nonsmoking history would predict 
perceived radon severity.

Methods
A cross-sectional, nonexperimental design 
using survey methods assessed intention to 
test for radon among two groups of Ken-
tucky homeowners. Group I was a strati-
fied random sample of 40 property own-
ers from each of five Kentucky counties 
selected via public access property rolls (n 
= 200). The five counties were selected to 
ensure variability in a) prevalence of radon 

testing; b) rural versus urban location; 
c) region; and d) lung cancer incidence, 
percentage of adult smokers, and average 
radon values. A radon test request coupon 
was attached to each survey. Group II was 
a convenience sample of 143 individuals 
who had requested radon test kits from the 
Kentucky Radon Program between January 
and May 2009. Of the 343 surveys mailed, 
129 were returned (overall response rate = 
38%). Of those who responded, 56 (43%) 
were from Group I (response rate = 28%), 
and 73 (57%) were from Group II (response 
rate = 51%). 

Measures 
The 33-item survey consisted of categorical 
and multiple-choice questions. The out-
come, radon testing intention, was mea-
sured by asking, “What are your thoughts 
about testing for radon (Weinstein et al., 
1991)?” Responses were dichotomized 
into those with testing intentions and 
those without. 

Perceived severity was measured by ask-
ing, “How serious would an illness caused 
by radon be (Weinstein et al., 1991)?” 
Responses were dichotomized into those 
who perceived illness caused by radon 
to be “serious” or “very serious” versus 
“somewhat serious” or “not serious at all.” 
Social influence was assessed by asking, 
“How many people do you know who have 
tested for radon (Weinstein et al., 1991)?” 

Perceived susceptibility was measured 
by the sum of two items from a three-item 
risk perception scale (Weinstein, Lyon, 
Sandman, & Cuite, 1998). The two items 
were, “What do you believe is the likeli-
hood of finding radon in the place you live 
(1 = very unlikely; 5 = very likely)?” and 
“What do you think is the approximate 
percentage of homes in your area that have 
radon problems (1 = less than 10%; 5 = 
greater than 90%)?” 

Synergistic risk perception was mea-
sured by a single question modeled after a 
relative risk measure previously developed 
(Hampson, Andrews, Lee, Lichtenstein, & 
Barckley, 2000).

Respondents were asked to rate the risk 
of smoking and radon combined compared 
to the risk of smoking alone using a five-
point scale: 1 = much less risky; 5 = much 
more risky. 

Smoking status was assessed using two 
questions: (1) “Have you smoked at least 
100 cigarettes in your entire life (yes/no)?” 
and (2) “Do you now smoke cigarettes 
every day, some days, or not at all (CDC, 
2007)?” Current smokers were those who 
had smoked at least 100 cigarettes and cur-
rently smoked every day or some days. 

Procedures
Institutional review board approval was 
obtained from the Kentucky Cabinet for 
Health and Family Services and from the 
University of Kentucky. Surveys were 
mailed in two batches: (1) surveys and cou-
pons for a free radon test kit were mailed 
to Group I (n = 200); and (2) survey pack-
ets were included with radon test kits and 
mailed to Group II (n = 143). Survey meth-
ods suggested by Dillman and co-authors 
(2009), including attaching a two dollar bill 
to each survey and sending a reminder post 
card approximately 10 days after the survey, 
were used to increase response rates. 

Data Analysis
Descriptive statistics including frequency dis-
tributions or means and standard deviations 
were used to summarize the data. These uni-
variate analyses were carried out for the whole 
sample, subgroups (i.e., convenience and ran-
dom samples), and outcomes (i.e., those with 
and without testing intentions). The Rao-
Scott Chi-square test of association (for nomi-
nal explanatory variables and covariates), 
Mann-Whitney U test (for ordinal variables), 
or two-sample t-test (for continuous vari-
ables) was used to determine whether study 
variables were associated with intention to 
test for radon and perceived severity of illness 
from radon. Multivariate logistic regression 
determined predictors of intention to test. 
Data analysis was conducted using SAS ver-
sion 9.2 with an alpha level of .05 throughout. 
Given the data were obtained using a complex 
survey design, SAS procedures appropriate for 
this type of design, including SURVEYFREQ, 
SURVEYMEANS, and SURVEYLOGISTIC, 
were used. 

Results

Sample Characteristics
Participants lived in 17 counties, with 47% 
residing in Jefferson County (the largest 
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urban area in Kentucky). The mean age was 
52.4 (SD = 14.1) years. Most were female 
with an annual household income of at least 
$50,000, college graduates, Caucasians, and 
nonsmokers (Table 1). Over four in 10 par-
ticipants had smoked in their lifetime, and 
10% were current smokers. No significant 
differences were shown between the con-
venience and random samples (Groups I 
and II) in terms of smoking status, gender, 
income, education, race, or age. The major-
ity (90%) reported radon awareness; half had 
heard of radon via television. 

Associations With Intention to Test
Over half (57%) reported plans to test or 
having tested for radon; most (64%) who 
had heard of radon reported intent to test. 
A significant group difference was shown 
in education level (Table 1). No differences 
occurred in gender, income, race, smok-
ing status, mean age, or length of time liv-
ing in current residence between those who 
planned to test and those who did not. 

Differences were shown between those 
with and without testing intentions in per-
ceived severity (χ2 = 11.88, p < .01); per-
ceived susceptibility to radon exposure (z = 
-4.37, p < .001); and perception of radon and 
smoking as “much more risky” than smoking 
alone, versus all other responses (χ2 = 6.85, p 
= .01). Over a third (36%) knew at least one 
person who had tested for radon. Those with 
testing intentions knew more households 
who had tested for radon than those without 
plans to test (t = -2.57, p = .01). 

Predictors of Intention to Test 
College graduates, current smokers, those 
with higher perceived susceptibility and per-
ceived severity, and those who knew others 
who had tested for radon had higher odds of 
intent to test for radon (Table 2). Those who 
had graduated from college had 4.8 times 
higher odds of planning to test for radon 
than those who did not plan to test. Current 
smoking was associated with over six times 
the odds of planning to test for radon. The 
perception of radon-related illness as being 
serious or very serious was associated with 
nearly eight times higher odds of planning 
to test for radon. No association occurred 
between radon testing intentions and syner-
gistic risk perception, gender, or age. 

Associations With Perceived 
Severity of Illness From Radon
Synergistic risk perception and female gen-
der were associated with perceived severity 
of illness from radon (χ2 = 1.11, p = .01; and 
χ2 = 8.84, p < .01, respectively). Having a 
household income over $50,000 per year 
was marginally associated with perceived 
severity (χ2 = 3.18, p = .07). No differences 
were shown between groups in perceived 
susceptibility, knowing others who had 
tested for radon, age, education, or smok-
ing status.

Predictors of Perceived Severity  
of Illness From Radon
Synergistic risk perception, gender, and 
income were predictive of perceived sever-
ity. For every one-point increase in syner-
gistic risk perception, the odds of believing 
radon-related illness is serious increased by 
a factor of nearly six (Table 3). Females had 
nearly five times higher odds of reporting 
higher perceived severity. Although income 
over $50,000 was related to perceived sever-
ity, lack of income variability in the sample 
makes this finding less meaningful. 

Descriptive Statistics and Group Comparisons Between Those 
Who Planned to Test and Those Who Did Not (N = 129)

Characteristic Totala  
n (%)

Planning  
to Test (n = 74)  

n (%)

Not Planning  
to Test (n = 55) 

 n (%)

Test Statisticb

Gender χ2 = 0.06
Female 80 (62.0) 47 (63.5) 33 (60.0) 
Male 46 (35.7) 26 (35.1) 20 (36.4)

Annual household income χ2 = 1.60
<$50,000 34 (26.4) 17 (23.0) 17 (30.9)
≥$50,000 83 (64.3) 52 (70.3) 31 (56.4)

Education level χ2 = 10.61*
<College graduate 59 (45.7) 25 (33.8) 34 (61.8)
≥College graduate 66 (51.2) 47 (63.5) 19 (34.5)

Race –
Caucasian 124 (96.1) 71 (95.9) 53 (96.4)
Minority 2 (1.6) 2 (2.7) –

Smoking status
Current χ2 = 0.08

Yes 13 (10.1) 7 (9.5) 6 (10.9)
No 114 (88.4) 66 (89.2) 48 (87.3)

Former χ2 = 1.54
Yes 44 (34.1) 22 (29.7) 22 (40.0)
No 83 (64.3) 51 (68.9) 32 (58.2)

Never χ2 = 1.84
Yes 70 (54.3) 44 (59.5) 26 (47.3)
No 57 (44.2) 29 (39.2) 28 (50.9)

Current secondhand smoke exposure at home or work χ2 = 0.87
Yes 36 (27.9) 19 (25.7) 17 (30.9)
No 84 (65.1) 52 (70.3) 32 (58.2)

aSum may not equal 129 due to missing values. 
bGroup comparisons based on Rao-Scott Chi-square test. 
*p < .05.

TABLE 1
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Discussion
Perceived severity, social influence, and edu-
cation level were positively associated with 
radon testing intentions, as hypothesized. 
Contrary to our hypothesis, current smoking 
was related to testing intentions. As hypoth-
esized, synergistic risk perception was asso-
ciated with higher perceived severity. 

Perceived severity was most strongly 
predictive of testing intentions. Those who 
perceived that the illness caused by radon 
was serious or very serious were more than 
eight times more likely to plan to test for 
radon than those who thought it was not 
serious or somewhat serious. This finding 
is congruent with previous work demon-
strating a significant correlation between 
perceived illness severity and radon testing 
intentions (Weinstein et al., 1991). 

Synergistic risk perception and female gen-
der were the strongest predictors of perceived 
severity. Those who rated the combined risk of 
radon and tobacco smoke exposure as much 
riskier than smoking alone were almost six 
times more likely to view radon as a serious 
health hazard. Females comprised a major-
ity (62%) of the sample and were almost five 
times more likely to rate radon-related ill-
ness as serious. Previous research has shown 
increased perception of radon severity in 
females (Duckworth, Frank-Stromborg, Olec-
kno, Duffy, & Burns, 2002) and a relationship 
between female gender (versus white males) 
and increased perceived risk of environmen-
tal hazards such as radon (Flynn, Slovic, & 
Mertz, 1994). 

Social influence was an important predic-
tor of radon testing intentions. Those who 

knew others who had tested for radon were 
almost seven times more likely to plan to 
test themselves. The actions or accounts 
of others, such as family, friends, or neigh-
bors, may influence individuals to transi-
tion from being unengaged with radon as 
a health hazard to deciding to take action 
(Weinstein, 1988; Weinstein & Sandman, 
2002). Further research is needed to design 
interventions that use social influence to 
bridge the gap between radon awareness 
and radon testing.

Current smokers were more than six 
times more likely to plan to test for radon 
than nonsmokers. This finding is dissimi-
lar to previous studies reporting less con-
cern about radon among current smokers 
compared with nonsmokers (Kennedy et 
al., 1991; Mainous & Hagen, 1993). Smok-
ers with an awareness of or concern about 
radon may have been more likely to partici-
pate in our study and to plan to test. A larger 
sample size with more smokers is needed to 
assess for differences in synergistic risk per-
ception between current smokers and non-
smokers. Previous studies have suggested 
that health education strategies, including 
radon risk reduction messages, focus on 
smokers (Kennedy et al., 1991; Mainous & 
Hagen, 1993). Increasing smokers’ concern 
about radon, specifically about the com-
bined risk of radon and tobacco smoke, is 
an important area for future interventions 
and research. The association between the 
combined perceived risks of smoking and 
radon may also provide rationale for com-
bining health promotion messages both to 
eliminate secondhand smoke exposure and 
to promote smoking cessation and radon 
testing and mitigation. 

As hypothesized, perceived susceptibil-
ity was significantly higher in the group with 
testing intentions. Perceived susceptibility 
has been cited as a prerequisite to radon test-
ing intention and behavior (Duckworth et al., 
2002; Weinstein, 1988; Weinstein & Sand-
man, 1992). Others have reported lack of a 
perceived radon problem in one’s home (Ken-
nedy et al., 1991) and a perception of envi-
ronmental hazards as riskier for others than 
for oneself (Park, Scherer, & Glynn, 2001) 
as reasons for not reducing radon risk. These 
findings support the need for targeted radon 
risk communication that seeks not only to 
increase general public knowledge, but also to 

Factors Associated With Radon Testing Intentions Among 
Kentucky Homeowners (N = 129)

Factor Odds Ratio 95% Confidence Interval

Age 1.04 (0.99, 1.08)
Gender

Female 1.76 (0.56, 5.53)
Male *

Education
≥College graduate 4.80 (1.30, 17.76)
<College graduate *

Currently smoking
Yes 6.41 (1.06, 38.67)
No *

Perceived susceptibility 2.01 (1.21, 3.33)
Synergistic risk perception

Yes 3.35 (1.00, 11.26)
No *

Perceived severity
Serious or very serious 7.90 (2.21, 28.28)
Not serious or somewhat 
serious

*

Know others who have tested for radon
Yes 6.81 (1.98, 23.39)
No *

Perceived community concern about radon
Yes 3.20 (1.00, 10.24)
No *

Note. Bolded values are significant at the .05 level. 
*Reference group.

TABLE 2
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provide geographic-specific risk information 
(Wang et al., 2000). 

Sociodemographic factors, including 
gender, socioeconomic status (i.e., educa-
tion and income), and age were controlled 
for in our study. Despite increased per-
ceived radon severity among females and 
previous research showing a relationship 
between female gender and radon testing 
(Halpern & Warner, 1994), females were 
no more likely to plan to test for radon 
than males. Those with a college education 
were nearly five times more likely to plan to 
test compared to those with less education. 
Income level was inversely associated with 
perceived severity, but a lack of respondent 
income variability decreases the relevance 
of this finding. Age was unrelated to either 
testing intentions or perceived severity. All 
but two participants were Caucasian; thus, 
the association between race and testing 
intentions could not be analyzed. 

Selection bias is a possible limitation in 
our study. Group I study participants were 
more likely to have graduated from college, 
had higher incomes, and lower smoking 
rates than those living in their respective 
counties (CDC, 2010; U.S. Census Bureau, 
2010). One reason for this discrepancy is 
that only homeowners were selected for 
inclusion. Those with higher socioeco-
nomic status are more likely to be home-
owners (Haurin, Herbert, & Rosenthal, 
2007). Those who chose to respond to the 
survey may have had more radon testing 
knowledge or may have been more likely 
to engage in health promotion behaviors 
than nonresponders. The complexity of 
survey questions may have discouraged 
participation of those with less educa-
tion. Professional status or occupation was 
not assessed in our study and may have 
impacted survey participation or responses. 
The low response rate for Group I was 
expected; the higher response rate among 
those requesting a test kit (Group II) may 
be related to self-selection and increased 
testing intentions. 

Five participants (4%) reported hav-
ing lung cancer, potentially biasing their 
responses. Individuals with a personal or 
family history of lung cancer may have been 
more likely to request a test kit (Group II) or 
more likely to respond to the survey (Group 
I). Individuals with a history of exposure 

(i.e., to lung cancer) may respond to risk 
information differently than those without 
exposure (Smith & Johnson, 1988). A final 
limitation of our study is its cross-sectional 
design. Although our study provides impor-
tant information about associations between 
study variables and intentions to test for 
radon, it is unable to provide predictions 
about directional causality. Further research 
using prospective designs is needed to deter-
mine the impact of study variables, par-
ticularly synergistic risk perception, on the 
transition between stages of adopting radon 
testing behavior. 

Conclusion
Perceived severity, social influence, and 
smoking were the most predictive of resi-
dential radon testing intentions. College 
education and perceived susceptibility to 
radon were also related to plans to test for 
radon. Females and those rating combined 
risk from smoking and radon exposure as 
much riskier than tobacco smoking alone 
had higher perceived radon illness severity. 
The associations between current smoking 
and testing intentions and between syner-

gistic risk perception and perceived sever-
ity provide rationale for interventions to 
increase synergistic risk perception among 
smokers, thereby decreasing radon-related 
lung cancer risk among smokers. Our 
research has implications for interven-
tions to improve residential air quality and 
decrease lung cancer risk through radon 
risk reduction. 
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Factors Associated With Higher Perceived Radon Severity (N = 129)

Factor Odds Ratio 95% Confidence Interval

Age 1.02 (0.98, 1.07)
Gender

Female 4.57 (1.54, 13.58)
Male *

Income
<$50,000 4.23 (1.16, 15.43)
≥$50,000 *

Currently smoking
Yes 2.61 (0.39, 17.49)
No *

Perceived susceptibility 1.28 (0.94, 1.74)
Synergistic risk perception

Yes 5.70 (1.41, 22.98)
No *

Know others who have tested for radon
Yes 0.70 (0.24, 2.04)
No *

Note. Bolded values are significant at the .05 level. 
*Reference group.

TABLE 3
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Although most of the information presented 
in the Journal refers to situations within the 
United States, environmental health and 
protection know no boundaries. The Journal 
periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
Arsenic is a ubiquitous element occur-
ring naturally in the environment in both 
organic and inorganic forms. Inorganic 
arsenic is more toxic to humans and more 
prevalent in groundwater either naturally 
through geochemical and weathering pro-
cesses or by anthropogenic activities such as 
agriculture, industry, and mining (National 
Research Council, 2001). 

Arsenic has been identified as a potent 
human carcinogen by the International 
Agency for Research on Cancer (2004). 
Millions of people are exposed to arsenic 
through drinking groundwater with arse-
nic concentrations above the World Health 
Organization (WHO) guideline value of 10 
µg/L in many parts of the world, including 
parts of the U.S., Canada, Argentina, Chile, 

Mexico, Hungary, and various countries of 
Southeast Asia, including Bangladesh, West 
Bengal India, Nepal, China, Myanmar, 
Thailand, Taiwan, Vietnam, Cambodia, 
Laos, and Pakistan (Caussy, 2005; Rahman 
et al., 2001).

Long-term human exposure to arse-
nic through drinking water containing 
arsenic above 10 µg/L is associated with the 
following:
• characteristic skin lesions, melanosis 

(darkening of skin) and keratosis (thicken-
ing of the skin of palms and soles) (Kadono 
et al., 2002);

• increased blood pressure (Lee et al., 
2005);

• decreased lung function (Pervez et al., 
2008);

• cardiovascular disease (Chen, Chiou, 
Chiang, Lin, & Tai, 1996);

• diabetes (Rahman, Todel, Ahmed, & 
Axelson, 1998; Tseng et al., 2000);

• adverse reproductive outcomes (Ihrig, 
Shalat, & Baynes, 1998);

• stillbirth (Cherry, Shaikh, McDonald, & 
Chowdhury, 2008);

• cancers of lung and bladder (Michaud 
et al., 2004; Morales, Ryan, Kuo, Wu, & 
Chen, 2000; Mukherjee et al., 2003); and

• decreased intellectual functions and 
peripheral neuropathy (Wasserman et al., 
2004). 

Abst ract  Long-term exposure to arsenic has been associated 

with manifestation of skin lesions (melanosis/keratosis) and increased risk 

of internal cancers (lung/bladder). The objective of the study described 

here was to determine the relationship between exposure of arsenic 

through drinking groundwater and urinary arsenic excretion among 

adults ≥15 years of age living in Khairpur district, Pakistan. Total arsenic 

was determined in drinking groundwater and in spot urine samples of 

465 randomly selected individuals through hydride generation-atomic 

absorption spectrometry. Spearman’s rank correlation coefficient was 

calculated between arsenic in drinking groundwater and arsenic excreted 

in urine. The median arsenic concentration in drinking water was 2.1 µg/L 

(range: 0.1–350), and in urine was 28.5 µg/L (range: 0.1–848). Positive 

correlation was found between total arsenic in drinking water and in urine 

(r = .52, p < .01). Urinary arsenic may be used as a biomarker of arsenic 

exposure through drinking water.
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Arsenic has a short half-life in the body; 
it is readily excreted in urine in 1–3 days 
(Calderon, Hudgens, Le, Schreinemachers, 
& Thomas, 1999; Chen, Amarasiriwardena, 
Hsueh, & Christiani, 2002; Karagas et al., 
2001). Interindividual variability in arsenic 
excretion in urine at similar levels of arse-
nic exposure was also reported (Del Razo, 
Aguilar, Sierra-Santoyo, & Cebrian, 1999).

Accurate estimation of arsenic exposure 
is required for risk assessment of arsenic’s 
adverse health effects and for making miti-
gation decisions. Most of the previous epi-
demiologic studies have measured arsenic 
in the available drinking water to estimate 
individual exposure (Rahman et al., 2006; Yu, 
Sun, & Zheng, 2006). In our study, human 
exposure to arsenic through drinking water 
was measured by determining the concen-
tration of arsenic excreted in urine, testing it 
as a biomarker of current arsenic exposure. 
Many of the correlation studies of arsenic in 

water and urine have showed positive cor-
relation. Those studies, however, were based 
on selective sampling in a few towns or com-
munities with high arsenic exposure with a 
limited number of water and urine samples; 
for instance, 167 subjects were recruited for 
water (n = 164) and urine (n = 176) sample 
analysis (Ahsan et al., 2000); 96 subjects 
gave water and urine samples (Calderon et 
al., 1999); 43 subjects gave water (n = 35) 
and urine (n = 43) samples (Mera, Kopplin, 
Burgess, & Gandolfi, 2004); and 346 subjects 
gave urine and water (n = 86) samples (Wata-
nabe et al., 2001).

Ours is the first study from Pakistan 
based on arsenic exposure estimates 
through urinary arsenic excretion in a pop-
ulation that is chronically exposed to arse-
nic from drinking groundwater. Our study 
was part of a larger investigation in which 
the prevalence of arsenicosis (melanosis 
or keratosis) was evaluated in a popula-

tion chronically exposed to arsenic through 
drinking water (Fatmi et al., 2009). The 
objective of the present study was to assess 
the relationship between arsenic concentra-
tion in the drinking water and total arsenic 
excretion in urine among the adult popula-
tion of one of the arsenic-affected districts 
(Khairpur) of Pakistan.

Materials and Methods

Study Site 
Khairpur district is located in the north-
ern part of Sindh province along the river 
Indus. It is a dry and hot climate area; aver-
age annual precipitation is 78 mm, relative 
humidity in summer is 48%, and humidity 
in winter is 61%. Wind speed in summer is 
10 kilometers per hours (kph) and in winter 
it is 5 kph. The maximum monthly average 
temperature in June is 44ºC and in January 
it is 23ºC (Pakistan meteorological depart-
ment). The district has an area of 15,910 
km2 and a population of 1,546,587, of 
which 76% is rural (Population Census 
Organization, Ministry of Economic Affairs 
and Statistics, Government of Pakistan, 
2006). The district is divided adminis-
tratively into eight talukas (subdistricts), 
i.e., Khairpur, Faiz Gunj, Thari Mirwah, 
Kot Diji, Gambat, Kingri, Sobho Dero, and 
Nara. The residents are primarily involved 
in agriculture and groundwater is utilized 
for drinking purposes. Khairpur district 
was identified as one of the arsenic-affected 
districts of Sindh province in a national 
arsenic survey in 2001 (Ahmed, Kahlown, 
Tahir, & Rashid, 2004). 

Study Design and Subjects
A cross-sectional survey was conducted 
from January to May 2006. Multistage clus-
ter sampling was performed. Out of a total 
of 1,858 villages in Khairpur, 216 villages 
were randomly selected for a primary prev-
alence study. From each selected village, 10 
households were identified for the survey. 
In each selected household, one male and 
one female who had been living there for 
at least the previous six months and who 
were at least 15 years old were recruited 
for the interview. Drinking water samples 
from all participants were taken for arsenic 
content determination. Urine samples were 
taken on the spot from one male participant 

Demographics Details of the Study Population of Khairpur District  
(N = 465)

Characteristics # %

Age (years)

15–29 153 32.9
30–44 163 35.1
45–59 102 21.9
≥60 47 10.1
Mean (SE )a 38 (0.7) –

Gender

Male 219 47.1
Female 246 52.9

Education level

College 49 10.5
Secondary 63 13.5
Primary 71 15.3
No formal education 282 60.6

Smoking status

Never smoked 384 82.6
Ever smoked 81 17.4

BMI (kg/m2)

Low (<18.5) 64 13.8
Normal (≥18.5) 401 86.2
Mean (SE ) 23 (0.2) –

aSE = standard error of mean.

TABLE 1
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(in household three) and from one female 
participant (in household seven) in each 
visited village. In addition, urine samples 
were also collected from those participants 
who had arsenic skin lesions (melanosis 
or keratosis). During the survey, a total of 
505 spot urine samples were collected. Out 
of those, 40 urine samples were excluded 
from analysis because of unavailability of 
corresponding arsenic water results due to 
spillage of samples during transportation. 
Therefore, 465 spot urine samples were 
included in the analysis. 

Exposure Assessment
An exposure assessment questionnaire was 
filled out by each individual in the study. 
Individuals were excluded who had eaten 
seafood (fish) during the past three days. 
Demographic information was also taken 
(age, sex, education, and occupation). 
Individuals were asked to estimate their 
average daily water consumption in order 
to determine their exposure. Other sources 
of arsenic exposure (environmental, occu-
pational, and use of herbal medicines) 
were also assessed. Cigarette smoking 
and nutritional status (body mass index 
[BMI]) were evaluated. Drinking water 
and spot urine samples from study indi-
viduals were sent for laboratory analysis of 
arsenic concentration. 

Daily Arsenic Intake Estimation
Daily arsenic intake was calculated directly 
by multiplying the arsenic concentration in 
drinking water by the amount of water con-
sumed per day (based on recall) per body 
weight of the study individuals. Arsenic 
estimates were not calculated for solid food.

Water and Urine Sample Collection 
and Processing
The current drinking water source (home 
hand pump) and spot urine from our study 
subjects were sampled. Water samples were 
collected in 0.5-L (500 mL) and urine samples 
in 0.1-L (100 mL) polyethylene containers. 
Before sample collection, these containers 
were washed with nitric acid and then rinsed 
with deionized water. For water sampling, 
after discarding the initial water (10 pumps 
for one minute) from the hand pump, the 
water was collected in the container. For 
urine samples, a container was provided to the 

study subject for a urine sample at the time 
of the interview. People who had eaten fish 
or prawns (seafood) within three days of the 
interview were excluded from the analysis.

To preserve the samples, 1 mL of 1% 
nitric acid (HNO

3
) was added to the water 

sample, and 2–3 drops (0.5 mL) of 3% 
HNO

3 
were added to the urine samples. The 

containers were capped and sealed with 
cloth tape and stored at room temperature. 
Stored samples were dispatched within one 
week to the Pakistan Council for Research 
in Water Resources (PCRWR) laboratory, 
Islamabad, for total arsenic analysis. 

Total arsenic in water and urine samples 
was analyzed through hydride generation-
atomic absorption spectrometry (HG-AAS) 
at the PCRWR laboratory, Islamabad. The 
minimum detection limit for arsenic was 
0.1 µg/L. Calibration standards for arsenic 
with concentrations 0, 10, 20, 30, 40, and 
50 µg/L were prepared by dilution of a cer-
tified standard solution (1,000 mg/L) from 

Fluka Kamica. Analytical performance was 
monitored by analysis of standard refer-
ence materials and internal water quality 
control samples.

Statistical Analysis
Descriptive analysis was performed, includ-
ing frequency distribution of demographic 
variables (age, sex, and education), calcu-
lation of central tendency (mean/median), 
variability (percentiles), and arsenic con-
centration in water and urine. The asso-
ciation between the unspeciated arsenic in 
drinking water and the concentration of 
arsenic excreted in urine were evaluated 
graphically (scatter plot) and by calculat-
ing Spearman’s rank correlation coefficient. 
Multivariate regression analysis was per-
formed for adjusting potential confounders 
(age, sex, smoking, and BMI) of the out-
come variable (arsenic in urine). All statis-
tical analyses were computed by using SPSS 
v. 16.0. 

Correlation Graph (Scatter Plot) Between Total Arsenic 
Concentration in Drinking Water and Arsenic Excreted in Urine 

r = .52, n = 465, p < .01.

FIGURE 1
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Ethical Approval
The study protocol was reviewed and 
approved by the ethics review committee of 
Aga Khan University. All study participants 
signed an informed consent form.

Results 
A total of 465 individuals were recruited to 
participate in the study from 216 villages 
of Khairpur district. Females numbered 
246 (53%). The mean age of the study par-
ticipants was 38 ± 15.1 years. Among par-
ticipants, 61% had no formal education, 
17% were smokers, and 14% had low BMI 
(<18.5) (Table 1). Drinking water samples 
(465) were collected from household water 
sources and analyzed for total arsenic con-
centration. The arsenic concentrations in 
drinking water samples ranged from 0.1 
to 350 µg/L and the median was calculated 
as 2.1 µg/L. Approximately 147 (32%) 
drinking water samples had arsenic above 
the WHO guideline value of 10 µg/L and 

42 (9%) samples were above the Pakistan 
guideline value of 50 µg/L.

A total of 465 spot urine samples were 
analyzed for total arsenic. Urinary arsenic 
concentrations ranged from 0.1 to 848 µg/L 
and the median was 28.5 µg/L. 

In the study population the average water 
consumption volume was 2.8 ± 0.9 L per 
day (range: 0.75–5.75 L/day). Median arse-
nic concentration intake through drinking 
water was 5.7 µg/day (range: 0.1–742 µg/
day), per body weight daily arsenic intake 
ranged from 0.1 to 14.7 µg/kg/day, and the 
median was 0.10 µg/kg/day. Considering 
oral reference dose (RfD) of daily arsenic 
intake is 0.30 µg/kg/day (U.S. Environmen-
tal Protection Agency, 1998), then approxi-
mately 175 (37.6%) of the study individuals 
had been exposed to arsenic above RfD. 

Spearman’s rank correlation coeffi-
cient was calculated between total arse-
nic in drinking water and the total arsenic 
excreted in urine of the study individuals. 

We found a moderate degree of positive cor-
relation (r = .52, p < .01), indicating a linear 
relationship between total arsenic in drink-
ing water and total arsenic excreted in urine 
(Figure 1). Similar positive correlation was 
also found when daily arsenic intake (µg/
day) through drinking water was compared 
with the total arsenic excreted in urine (r 
= 0.52, p < .01) (Figure 2). Potential con-
founders (age, sex, smoking, and BMI) were 
adjusted by using multivariate linear regres-
sion and the arsenic in drinking water was 
found more associated with urinary arsenic 
(B coefficient = 1.672; p < .001). 

Discussion
Our study provides information on arse-
nic exposure to humans through drink-
ing groundwater. This was established by 
using the urine samples of exposed indi-
viduals as a biomarker of arsenic exposure. 
People in the study district (Khairpur) 
have continuously ingested unsafe levels 
of arsenic (above 10 µg/L) through drink-
ing groundwater for a long time. No alter-
nate safe water options exist, and people 
have been developing arsenic-induced skin 
lesions, melanosis and keratosis (Fatmi et 
al., 2009). Our study consolidated the evi-
dence of arsenic exposure in the chroni-
cally exposed population solely through 
drinking groundwater after adjusting 
independent predictor variables (age, sex, 
smoking, and BMI) of the outcome vari-
able (arsenic in urine) by using multivari-
ate regression analysis. 

Study drinking water samples (n = 
465) were screened for arsenic concentra-
tion using the “gold standard” laboratory 
method (HG-AAS). Hence reliability of the 
water arsenic test results was not compro-
mised. Previous studies performed arsenic 
screening for only limited commonly shared 
water sources (Calderon et al., 1999; Mera 
et al., 2004) and through using a less sensi-
tive arsenic field test kits method (Rahman 
et al., 2006). 

Spot urine specimens, instead of morn-
ing urine samples, were utilized for the 
study to determine the arsenic concentra-
tion in urine of the study population who 
were exposed to arsenic through drinking 
groundwater. Studies have reported that 
concentration of arsenic in urine remains 
stable throughout the day and over a period 

Correlation Graph (Scatter Plot) Between Daily Arsenic Intake 
Through Drinking Water and Arsenic Excreted in Urine 

r = .52, n = 465, p < .01.
 

FIGURE 2
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of five consecutive days (Calderon et al., 
1999). The stability of arsenic concentra-
tion in urine suggests that the exposed 
population was at steady state in terms of 
exposure to arsenic. 

Limitations of our study were that only 
total arsenic concentration was detected in 
drinking water and urine samples and we 
did not perform arsenic speciation due to 
limited laboratory capacity and financial 
constraints. Arsenic levels in urine were 
determined only through weight by volume 
without adjustment of urinary creatinine 
levels (weight/weight). Another limitation 
of our study was related to the methods of 
estimation of arsenic intake. In our study, 
the estimation of individual arsenic intake 
was calculated only from drinking water of 
the household water source, supposed as a 
main source of drinking water and a stable 
source of arsenic exposure; other sources of 
drinking water such as the workplace were 
not considered. Dietary (solid food) sources 
of arsenic were also not considered. A previ-
ous study reported that the average contri-
bution to the total arsenic intake from solid 
food was 11% (Ohno et al., 2007).

Median arsenic concentration in drink-
ing water was reported as 2.1 µg/L (right-
skewed data distribution), which lies 
within the normal limit of WHO’s guide-
line value. Still, nearly one-third of the 
study population was exposed to arsenic 
through drinking water above 10 µg/L at 
higher percentiles (Table 2). 

In the study population, average daily 
water intake was reported high (2.8 L) 
possibly because of the hot climate of the 
area (maximum monthly average tem-
perature in summer was 42ºC); therefore 
body water demand increased and conse-
quently an increased amount of arsenic 
was ingested. Considering this fact only 
from a single household drinking water 
source, daily arsenic exposure per body 
weight was above RfD in more than one-
third of  the study population.

Moderate correlation was reported 
between arsenic exposure through drinking 
water and urinary arsenic excretion. Consid-
erable variability is found, however, between 
the level of arsenic exposure through drink-
ing water and urinary arsenic excretion; for 
instance, variability observed at the median 
level is 14 times higher and at the 75th per-

centile level it is 3–4 times higher for urinary 
arsenic excretion (Table 2).

Our study could not find an age-related 
difference in arsenic excretion in urine 
(Table 3). Similar results were reported in 
a study conducted in a northern Argentina 
population chronically exposed to arsenic 
through drinking water (Concha, Nermell, 
& Vahter, 1998). When correlating with 
gender, no significant difference was found 
in urinary arsenic excretion in either males 
or females. This finding is in contrast with 
the finding reported in earlier studies in 
which distinct gender-related differences 
have been reported in the excretion of arse-
nic in urine (Del Razo et al., 1994; 1997).

In conclusion, a moderate correlation 
exists between the concentration of arsenic 

in drinking water and the concentration of 
arsenic excreted in urine. This suggests that 
over the range of exposure, drinking water 
was the predominant source of arsenic 
exposure. Hence arsenic in urine came out 
as a good predictor of arsenic exposure to 
humans through drinking water. 

Conclusion
A moderate positive correlation exists 
between arsenic exposure through drinking 
water and the concentration of arsenic in 
urinary excretion. This would suggest that 
if the arsenic content in drinking water is 
higher then the arsenic excretion in urine 
would be higher. Thus arsenic excretion 
in urine can be used as a good indicator of 
arsenic exposure. 

Arsenic Concentrations in Drinking Water, Daily Intake, and Urine  
of Study Population of Khairpur District (N = 465)

Characteristics Drinking Water
(µg/L)

Daily Intake
(µg/day)

Urine
(µg/L)

Maximum 350 742 848.5

90th percentile 46.5 128.9 171.1

75th percentile 15.8 41.4 67.7

Median 2.1 5.7 28.5

25th percentile 0.9 2.5 11.2

10th percentile 0.4 1.1 3.0

Minimum 0.1 0.1 0.1

# of cases 465 465 465

TABLE 2

Age-Related Difference in Arsenic Concentration in Urine in Study 
Population of Khairpur District (N = 465)

Characteristics Age Groups (Years)

15–29 30–44 45–59 ≥60

Mean 72.6 60.9 56.0 55.2

Median 27.7 29.7 29.6 26.0

Minimum 0.1 0.0 0.4 1.2

Maximum 848 700.8 309 722.4

25th percentile 10.8 9.6 13.6 12.5

75th percentile 74.8 67.6 67.9 55.5

TABLE 3
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Although most of the information presented 
in the Journal refers to situations within the 
United States, environmental health and 
protection know no boundaries. The Journal 
periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
Vietnam has a long coastline of 3,260 km 
from the northern to the southern part of 
the country. The residents living in the 
southern coastal region are significant con-
sumers of shellfish. Unfortunately, shellfish 
have the capacity to accumulate heavy met-
als. Therefore, shellfish consumption is a 
significant pathway of human exposure to 
heavy metals and presents a potential risk 
for consumers. Hence, it was necessary to 
evaluate exposure of consumers to these 
contaminants and perform a risk assess-

ment. Nha Trang City was chosen as a rep-
resentative southern coastal area for Viet-
nam in shellfish consumption. 

Among heavy metals, lead, cadmium, 
and mercury are the more toxic, even in 
trace amounts. Pollution from lead, cad-
mium, and mercury is a serious problem 
due to their toxicity and ability to accu-
mulate in the biota. Consequently, these 
three heavy metals have been included in 
the regulations of Vietnam, the European 
Union, and Codex for hazardous metals 
(Codex Alimentarius Commission, 2001; 

Codex Alimentarius Commission, 2004; 
European Union Commission Regula-
tion, 2006; Vietnamese Health Ministry, 
2007; World Health Organization [WHO], 
2006). Therefore, the content of lead, cad-
mium, and mercury in shellfish is worthy 
of consideration. Few systematic studies, 
however, provide data on content of lead, 
cadmium, and mercury in shellfish consu-
med popularly in Vietnam. Some studies do 
concern the determination of the lead, cad-
mium, and mercury concentration in shell-
fish in Vietnam (Dao, 2002; Doan, Nguyen, 
Nguyen, Nguyen, & Nguyen, 2003; Hsia & 
Huiyi, 2008; Le, 2005, 2006; Le, 2008; Le, 
Nguyen, Pham, & Duong, 2005; National 
Agro-forestry and Fisheries Quality Assur-
ance Department, 2006; Ngo, 2008). Unfor-
tunately, in these studies, the samples col-
lected were not representative of shellfish 
consumed popularly. Furthermore, these 
studies were only realized in some species 
of shellfish. So our study was undertaken to 
examine the concentrations of heavy metals 
in shellfish mostly consumed and collected 
from the popular purchase places in Nha 
Trang in different months to consider the 
seasonal variation.

Materials and Methods

Heavy Metals Detection
According to the data of the shellfish con-
sumption survey (Nguyen, Tran, Carpentier, 
Roudot, & Parent-Massin, 2010), 19 shell-

Abst ract  The study described in this article was designed 

to estimate the dietary intake of lead, cadmium, and mercury due to the 

shellfish consumption of the population in Nha Trang City, Vietnam. The 

lead, cadmium, and mercury concentrations in the shellfish consumed 

popularly by the Nha Trang population were investigated by inductively 

coupled plasma-mass spectrometry from May 2008 to January 2009. The 

lead, cadmium, and mercury concentration ranges in shellfish are equal to 

0.008–0.083, 0.013–0.056, and 0.028–0.056 mg/kg, respectively. The dietary 

intake of these elements was determined by a total diet study. The heavy 

metals intake was estimated for six subpopulation groups: men and women 

aged 18–29, 30–54, and ≥55. The dietary intakes of lead, cadmium, and 

mercury by the Nha Trang population are currently well below the provisional 

tolerable weekly intakes of lead, cadmium, and mercury, respectively. 

Therefore, no risk exists concerning the levels of exposure of Nha Trang 

consumers to the contaminants studied due to shellfish consumption. 
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fish species that have mean consumption 
rates over 1 g/day were selected for heavy 
metals detection. Four shellfish composite 
samples (bivalves, crustaceans, gastropods, 
cephalopods) were prepared to reduce the 
number of samples without modification 
of data precision (WHO, 1985). The pro-
portion of shellfish in each composite was 
derived from the data obtained in the con-
sumption survey (Nguyen et al., 2010). The 
sampling was performed randomly in the 
markets, temporary markets, and restaurants 
in Nha Trang City in May, July, September, 
and November 2008 and January 2009. 

The samples for lead and cadmium detec-
tion were dried at 105°C using a drying oven. 
Samples for mercury detection were frozen 
at -70°C in a slurry of ethanol and dry ice 
and then left in a lyophilizer for about 24 
hours. Dried samples were digested in nitric 
acid using a microwave digester. Induc-
tively coupled plasma-mass spectrometry 
(ICP-MS) was used to determine the lead, 
cadmium, and mercury concentrations. 
All chemicals and standard solutions were 
obtained from Merck. The analyses were 
carried out on composite homogenized 
samples in the laboratory, which is officially 
accredited according to ISO 17025. The reg-
ular tests of controllable qualitative samples 
such as the blanks and duplicates were per-
formed. Means and standard deviation were 
calculated. Trueness is stated quantitatively 
in terms of “bias,” with smaller bias indi-
cating greater trueness. Bias was investi-
gated by spiking and recovery (Thompson, 
Ellison, & Wood, 2002). Relative standard 
deviation (RSD %) was used in evaluation 
of the precision of the methods used. RSD 
(%) was calculated as follows: RSD (%) = 
SD * 100/X, where RSD (%) = relative stan-
dard deviation in samples, SD = standard 

deviation (mg/kg), and X = mean (mg/kg). 
Statistical analyses were performed using 
SPSS v. 16. The significance level was p < 
.05. Differences in heavy metals concentra-
tions between months were tested by one-
way ANOVA with Tukey tests. 

Calculation of Dietary Intake
The dietary intake of lead, cadmium, 
and mercury by the population of Nha 
Trang City has been calculated according 
to consumption data (Nguyen et al., 2010) 
and contamination data determined in our 
study. The probabilistic analyses were per-
formed with @Risk for Excel International, 
version 4.5.6. The Monte Carlo method and 
Latin Hypercube sampling were used. The 
number of Monte Carlo iterations used for 
the calculations was 10.000. 

The dietary intake by the population of 
Nha Trang was calculated for each heavy 
metal by the following equation:

 n
D =j Q

i
C

i

 i=1
where 
D = distribution of intake (mg/kg body 

weight/day) of lead, cadmium, or mercury 
by a particular population subgroup (six 
population subgroups: men and women 
(18–29, 30–54, and ≥55)

Q
i
 = distribution of consumption of shell-

fish’s group i (g/kg body weight/day)
C

i
 = maximum concentration of contami-

nation in shellfish’s group i
n = number of shellfish’s group

Results 

Heavy Metals Contamination
The results of analysis showed good recov-
ery when spiked with standards. Con-

cretely, 97%, 101%, and 106% recovery was 
obtained for cadmium, lead, and mercury 
(Table 1).

Lead concentrations in bivalves, crusta-
ceans, gastropods, and cephalopods in five 
sampled months were in the ranges of 0.051–
0.114, 0.01–0.064, 0.04–0.103, and 0.007–
0.009 mg/kg, respectively. The mean lead 
concentration in bivalves, gastropods, 
crustaceans, and cephalopods was 0.083, 
0.073, 0.032, and 0.008 mg/kg, respectively 
(Table 2). 

Figure 1 shows the seasonal variations 
of the lead concentrations in bivalves, 
crustaceans, gastropods, and cephalo-
pods. The tendency of these seasonal 
variations is a rise from May to November 
and then a slight decline from November 
to January. The concentrations of lead in 
bivalves, crustaceans, and gastropods are 
the highest in November. The differences 
of concentrations of lead in bivalves and 
gastropods between September, Novem-
ber, and January are significant (p < .05). 
But they are not significant between May 
and July (p > .05). The lead concentration 
in crustaceans is different significantly (p 
< .05) between May and July, but the dif-
ference is slight. The lead concentrations 
in bivalves, crustaceans, and gastropods 
in the rainy season (September, Novem-
ber, and January) are significantly higher 
than in the dry season (May, July). The 
maximal lead concentrations in the shell-
fish except for cephalopods are observed 
in November. The lead concentrations in 
cephalopods are low and constant in all 
months (Figure 1).

Cadmium concentrations in bivalves, 
crustaceans, gastropods, and cephalopods 
in five sampled months were in the ranges 
of 0.032–0.073, 0.019–0.034, 0.033–0.072, 
and 0.012–0.013 mg/kg, respectively. The 
mean concentration of cadmium in bivalves, 
gastropods, crustaceans, and cephalopods 
is 0.056, 0.054, 0.026, and 0.013 mg/kg, 
respectively (Table 2). The cadmium con-
centrations in bivalves, crustaceans, and 
gastropods in the rainy season are signifi-
cantly higher (Table 2) than in the dry sea-
son. The maximal cadmium concentrations 
in the shellfish except for cephalopods are 
observed in November. The cadmium con-
centrations in cephalopods are fairly low 
and constant in all months (Figure 2).

Recovery (%) of Heavy Metals and Relative Standard Deviation  
(RSD %)

Recovery (%) RSD (%)

Cadmium 99.5 10
Lead 101.0 14
Mercury 106 12

TABLE 1
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Mercury concentrations in bivalves, 
crustaceans, gastropods, and cephalopods 
were in the ranges of 0.023–0.087, 0.020–
0.033, 0.021–0.064, and 0.021–0.073 mg/
kg, respectively. The mean concentration 
of mercury in bivalves, cephalopods, gas-
tropods, and crustaceans is 0.056, 0.050, 
0.045, and 0.028 mg/kg, respectively (Table 
2). The mercury concentrations in bivalves, 
crustaceans, and gastropods in the rainy 
season are significantly higher (Table 2) 
than in the dry season. The maximal mer-
cury concentrations in the shellfish except 
for crustaceans are observed in November. 
The mercury concentrations in crustaceans 
are fairly low and constant in all months 
(Figure 3).

Estimation of the Dietary Intake of 
Heavy Metals
In Table 3, the rows reflect the percentiles of 
lead, cadmium, and mercury exposures for 
six population subgroups (men and women 
aged 18–29, 30–54, and ≥55). The col-
umns reflect variability in lead, cadmium, 
and mercury exposures as a function of the 
quantity of shellfish consumed by different 
age groups. For all population subgroups, 
the lead, cadmium, and mercury exposure 
was lower than the provisional tolerable 
weekly intake (PTWIs) for lead (25 mg/kg 
body weight/week [bw/w]), cadmium (2.5 
mg/kg bw/w), and mercury (5 mg/kg bw/w), 
respectively (European Food Safety Author-
ity, 2009; WHO, 1999, 2003). 

Discussion 

Heavy Metals Contamination 
Dry season occurs in Nha Trang from 
May to July, while September, November, 
and January are during the rainy season. 
Shellfish are more contaminated during 
the rainy season. This could be due to 
runoff of heavy metals after heavy rains. 
The Food and Agriculture Organization 
(2008) identified several hazards induced 
by increase of rains due to climate 
change. An increase of runoff of heavy 
metals induced by storms and an increase 
of shellfish contamination by heavy met-
als in coastal zones are mentioned as two 
of these hazards. 

Lead, Cadmium, and Mercury Concentrations (mg/kg Wet Weight) in Various Shellfish Consumed  
in South Coastal Vietnam

Shellfish Month Lead Cadmium Mercury

Concentrations  
(mg/kg wet weight)

RSDa (%) Concentrations  
(mg/kg wet weight)

RSD (%) Concentrations  
(mg/kg wet weight)

RSD (%)

Bivalves May 0.051 4.7 0.032 4.7 0.023 4.5
July 0.054 2.8 0.032 3.6 0.024 5.7
September 0.096 1.5 0.068 1.3 0.081 1.5
November 0.114 2.4 0.073 1.2 0.087 1.4
January 0.101 2.4 0.073 1.1 0.066 2.0
Mean±SD 0.083±0.026 – 0.056±0.02 – 0.056±0.028 –

Crustaceans May 0.010 10.2 0.019 5.4 0.027 3.8
July 0.015 12.7 0.019 6.7 0.020 5.6
September 0.033 5.3 0.026 4.0 0.033 3.0
November 0.064 2.6 0.034 2.9 0.032 3.7
January 0.037 4.6 0.032 3.2 0.028 2.9
Mean±SD 0.032±0.02 – 0.026±0.006 – 0.028±0.005 –

Gastropods May 0.040 4.0 0.033 3.6 0.024 3.7
July 0.040 5.0 0.033 3.0 0.021 5.3
September 0.084 1.9 0.064 1.6 0.053 1.8
November 0.103 1.0 0.072 1.1 0.064 1.6
January 0.096 1.9 0.067 1.7 0.061 1.4
Mean±SD 0.073±0.028 – 0.054±0.017 – 0.045±0.019 –

Cephalopods May 0.007 15.5 0.012 8.9 0.021 4.7
July 0.008 15.1 0.013 8.6 0.023 4.6
September 0.008 13.0 0.013 6.2 0.064 1.3
November 0.009 13.0 0.013 4.6 0.073 1.1
January 0.009 12.9 0.013 6.6 0.068 1.4
Mean±SD 0.008±0.001 – 0.013±0.001 – 0.050±0.023 –

aRSD = relative standard deviation.

TABLE 2
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The heavy metal contamination data 
in shellfish in our study have to be com-
pared to those of other studies in Vietnam 
(Dao, 2002; Doan et al., 2003; Le, 2005, 

2006; National Agro-forestry and Fisher-
ies Quality Assurance Department, 2006; 
Ngo, 2008); in Asia (Health Canada, 2007; 
Hsia & Huiyi, 2008; Ip, Li, Zhang, Wong, 

& Zhang, 2005; Liang, Shi, He, Jiang, & 
Yuan, 2003; Lin, Wong, & Li, 2004; Nak-
agawa, Yumita, & Hiromoto, 1997; Soe-
gianto & Hamami, 2007; Soegianto & 
Supriyanto, 2008); and in other countries 
in the world (Chindah, Braide, & Sibeudu, 
2004; Cre´pet, Tressou, Verger, & Leb-
lanc, 2004; European Commission, 2004; 
Gagnon, Tremblay, Rouette, & François, 
2004; Juresa & Blanusa, 2003; Kehrig, 
Costa, Moreira, & Malm, 2006; Leblanc, 
Volatier, Sirot, & Bemrah-Aouachria, 2006; 
Legrand, Arp, Ritchieb, & Chan, 2004; 
Mozaffarian & Rimm, 2006; Sanzo et al., 
2001; Sivaperumal, Sankar, & Viswana-
than Nair, 2007; Soliman, 2006; Tollefson 
& Cordle, 1986; Vannoort & Thomson, 
2005; WHO, 2006). 

The data comparison has to be consid-
ered carefully because of the differences 
in the sampling, in the sample preparation 
methods, and in the analytic methods. The 
uniqueness of our study, however, rests on 
the shellfish composite analysis, instead 
of shellfish individual analysis. In short, 
the data comparisons between studies are 
not significant because of the difference of 
methodology applied. But, we note that 
the lead, cadmium, and mercury con-
centrations in shellfish in our study and 
other studies are the same order of magni-
tude. The heavy metal concentrations in 
shellfish in our study are relatively low. 
Furthermore, the mean concentrations of 
lead, cadmium, and mercury detected in 
shellfish in Nha Trang is lower than the 
maximum limit of regulatory of Euro-
pean Community, Vietnam regulation, and 
Codex Alimentarius recommendations 
(Table 4).

Estimation of the Dietary Intake  
of Trace Elements
The contributions of the shellfish groups 
to the lead, cadmium, and mercury intake 
due to shellfish consumption are shown 
in Figures 4, 5, and 6. Bivalves, gastro-
pods, and crustaceans contribute most to 
the total intake of lead (62%, 23%, 13%, 
respectively), cadmium (59%, 23%, 14%, 
respectively), and mercury (49%, 16%, 
22%, respectively). But cephalopods have a 
small contribution (2% lead, 4% cadmium, 
and 12% mercury) to the total intake figure.

Lead Concentrations in Shellfish

Cadmium Concentrations in Shellfish

Mercury Concentrations in Shellfish
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Lead (Pb), Cadmium (Cd), and Mercury (Hg) Intakes (μg/kg body weight/week) of Consumers in Southern  
Coastal Vietnam

Percentile  
of Exposure

Men (Age)

18–29 30–54 ≥55

Pb Cd Hg Pb Cd Hg Pb Cd Hg
5 0.427 0.285 0.327 0.335 0.226 0.321 0.834 0.563 0.585
10 0.496 0.332 0.379 0.399 0.267 0.379 0.928 0.624 0.649
15 0.545 0.363 0.418 0.448 0.300 0.419 0.992 0.667 0.701
20 0.584 0.392 0.449 0.488 0.326 0.452 1.044 0.702 0.737
25 0.619 0.412 0.475 0.522 0.348 0.483 1.092 0.734 0.771
30 0.651 0.434 0.499 0.555 0.370 0.511 1.137 0.761 0.805
35 0.681 0.453 0.523 0.587 0.390 0.537 1.178 0.789 0.839
40 0.712 0.472 0.547 0.618 0.412 0.561 1.221 0.816 0.871
45 0.739 0.491 0.572 0.649 0.430 0.584 1.263 0.841 0.901
50 0.767 0.508 0.597 0.680 0.451 0.608 1.302 0.867 0.932
55 0.796 0.527 0.620 0.713 0.472 0.631 1.342 0.892 0.959
60 0.825 0.548 0.645 0.744 0.493 0.657 1.387 0.921 0.991
65 0.859 0.569 0.672 0.777 0.513 0.683 1.429 0.948 1.026
70 0.893 0.589 0.700 0.812 0.534 0.708 1.476 0.978 1.062
75 0.929 0.610 0.732 0.851 0.559 0.740 1.533 1.012 1.106
80 0.971 0.639 0.773 0.898 0.588 0.772 1.598 1.054 1.150
85 1.021 0.671 0.825 0.952 0.621 0.811 1.671 1.102 1.210
90 1.089 0.715 0.899 1.019 0.664 0.863 1.771 1.164 1.288
95 1.187 0.780 1.041 1.135 0.734 0.943 1.924 1.261 1.409

Mean 0.783 0.518 0.632 0.700 0.461 0.617 1.330 0.883 0.953

Percentile  
of Exposure

Women (Age)

18–29 30–54 ≥55 

Pb Cd Hg Pb Cd Hg Pb Cd Hg
5 0.629 0.411 0.490 0.641 0.405 0.494 0.481 0.308 0.384
10 0.748 0.484 0.570 0.745 0.469 0.576 0.566 0.363 0.449
15 0.826 0.533 0.632 0.820 0.519 0.632 0.627 0.400 0.496
20 0.888 0.576 0.681 0.880 0.558 0.676 0.677 0.433 0.536
25 0.946 0.613 0.724 0.933 0.590 0.716 0.723 0.461 0.569
30 1.002 0.645 0.765 0.977 0.619 0.754 0.765 0.489 0.603
35 1.055 0.681 0.804 1.024 0.647 0.789 0.806 0.515 0.634
40 1.103 0.711 0.842 1.070 0.678 0.821 0.848 0.542 0.666
45 1.155 0.741 0.880 1.116 0.705 0.852 0.887 0.565 0.697
50 1.205 0.774 0.916 1.161 0.735 0.884 0.932 0.595 0.731
55 1.256 0.807 0.955 1.202 0.762 0.918 0.975 0.625 0.765
60 1.314 0.842 0.992 1.248 0.789 0.952 1.020 0.653 0.801
65 1.370 0.879 1.033 1.296 0.822 0.990 1.069 0.684 0.839
70 1.431 0.916 1.079 1.348 0.855 1.032 1.124 0.722 0.883
75 1.497 0.958 1.127 1.405 0.892 1.081 1.188 0.763 0.933
80 1.572 1.008 1.186 1.474 0.933 1.132 1.259 0.808 0.987
85 1.664 1.068 1.256 1.554 0.985 1.197 1.350 0.862 1.053
90 1.785 1.139 1.342 1.651 1.050 1.274 1.464 0.947 1.142
95 1.983 1.267 1.489 1.817 1.151 1.387 1.663 1.077 1.287

Mean 1.243 0.798 0.942 1.184 0.750 0.909 0.985 0.632 0.771

TABLE 3
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The data of intake of lead, cadmium, 
and mercury due to shellfish consump-
tion from different countries are rare. 
In general, the comparison of the mean 
weekly intake of lead, cadmium, and 
mercury for Vietnamese consumers due 
to shellfish consumption obtained in our 
study with the other studies around the 
world shows that the data are in the same 
order of magnitude and a large variability 
exists of the lead, cadmium, and mercury 

intake for shellfish consumers, depending 
on the countries (Figures 7, 8, and 9).

Figure 7 shows that mean intake of lead 
for the Vietnamese population due to shell-
fish consumption estimated in our study is 
lower than the one for the population in 
Holland due to crab, shrimp, lobster, mus-
sel, and cephalopod consumption (Sorkina, 
Bakker, van Donkersgoed, & van Klaveren, 
2003). The mean level of lead intake esti-
mated in our study, however, is higher than 

the ones reported in the United Kingdom, 
Taiwan, Greece, Canada, Norway, France, 
Portugal, Ireland, Denmark, and Finland 
(European Commission, 2004; Gagnon et 
al., 2004; Lin et al., 2004). 

Figure 8 shows that mean intake of cad-
mium for the Vietnamese population 
due to shellfish consumption estimated in 
our study is lower than the one for the 
population due to crab consumption in the 
United Kingdom (Food Standards Agency, 

Concentration of Heavy Metals in Shellfish in Nha Trang Compared to the Maximum Limit of Regulations  
of European Community (EC), Codex (CAC), and Vietnam

Shellfish Lead (mg/kg) Cadmium (mg/kg) Mercury (mg/kg)

Concentration Regulation Concentration Regulation Concentration Regulation

ECa Codexb Vietnamc ECa Codexb Vietnamc ECa Vietnamc

Bivalves 0.083±0.026 1.5 1 1.5 0.056±0.02 1 1 1 0.056±0.028 0.5 0.5
Gastropods 0.073±0.028 1.5 1 1.5 0.054±0.017 1 1 1 0.045±0.019 0.5 0.5
Crustaceans 0.032±0.02 0.5 0.5 0.5 0.026±0.006 0.5 0.5 0.5 0.028±0.005 0.5 0.5
Cephalopods 0.008±0.001 1 1  – 0.013±0.001 1 1  – 0.05±0.023 0.5 0.5

aEuropean Union Commission Regulation, 2006. 
bCAC, 2001; CAC, 2004; World Health Organization, 2006. 
cVietnamese Health Ministry, 2007.

TABLE 4

Contributions of the Shellfish 
Groups to the Lead Intake

Contributions of the Shellfish 
Groups to the Cadmium Intake

Contributions of the Shellfish 
Groups to the Mercury Intake
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2006), due to mollusk, crustacean, and 
cephalopod consumption in Greece and 
due to bivalve, crustacean, and cephalopod 
consumption in Portugal (European Com-
mission, 2004). By contrast, the mean level 
of cadmium intake estimated in our study 
is higher than the ones reported in Hol-
land, Taiwan, France, Norway, Canada, 
Belgium, Ireland, Finland, Denmark, 
Germany, Sweden, and Italy (European 
Commission, 2004; Gagnon et al., 2004; 
Lin et al., 2004). 

Figure 9 shows that mean intake of mer-
cury for the Vietnamese population due 
to shellfish consumption estimated in our 
study is lower than the one for the popula-
tion due to bivalve, crustacean, and cepha-
lopod consumption in Japan (Nakagawa et 
al., 1997). By contrast, the mean level of 
cadmuim intake estimated in our study is 
higher than the ones reported in France, 
Taiwan, Portugal, Norway, Greece, Can-
ada, Belgium, Holland, Ireland, Germany, 
and Denmark (Chen & Chen, 2006; Euro-
pean Commission, 2004; Gagnon et al., 
2004; Lin et al., 2004; Sorkina et al., 2003; 
WHO, 2004). 

In effect, the levels of lead, cadmium, 
and mercury intake for the population 
studied depend on the lead, cadmium, 
and mercury concentration in shellfish 
and the data of shellfish consumption of 
this population. The lead, cadmium, and 
mercury concentrations in shellfish in 
southern coastal Vietnam are relatively 
low in comparison to the data of many 
countries, but the level of shellfish con-
sumption in Vietnam is relatively impor-
tant (Nguyen et al., 2010). Consequently, 
it is reasonable to find out that the lead, 
cadmium, and mercury intake for the Nha 
Trang population due to shellfish con-
sumption is rather important. 

Conclusion
Ours was the first systematic study in 
Vietnam to determine the lead, cadmium, 
and mercury concentrations in shellfish 
consumed popularly and to evaluate 
exposure of Vietnamese consumers to 
these contaminants in shellfish con-
sumed popularly. Our data confirm that 
the concentrations of lead, cadmium, and 
mercury in shellfish are lower than the 
limits fixed by the Vietnamese and inter-

Mean Intake of Lead for the Population of Various Countries due  
to Shellfish Consumption
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FIGURE 7

Mean Intake of Cadmium for the Population of Various Countries  
due to Shellfish Consumption

M
ea

n 
In

ta
ke

 o
f L

ea
d 

(m
g/

kg
 b

od
y 

w
ei

gh
t/w

ee
k)

 
M

ea
n 

In
ta

ke
 o

f C
ad

m
iu

m
 

(m
g/

kg
 b

od
y 

w
ei

gh
t/w

ee
k)

 
M

ea
n 

In
ta

ke
 o

f M
er

cu
ry

 
(m

g/
kg

 b
od

y 
w

ei
gh

t/w
ee

k)
 

Holl
an

d

Viet
na

m

Unit
ed

 K
ing

do
m

Ta
iw

an

Gree
ce

Can
ad

a

Norw
ay

Fran
ce

Port
ug

al

Ire
lan

d

Den
mark

Finl
an

d

7

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

Unit
ed

 K
ing

do
m

Gree
ce

Port
ug

al

Viet
na

m

Holl
an

d

Ta
iw

an

Fran
ce

Norw
ay

Can
ad

a

Belg
ium

Ire
lan

d

Finl
an

d

Den
mark

Germ
an

y

Swed
en Ita

ly

8

Ja
pa

n

Viet
na

m
Fran

ce

Ta
iw

an

Port
ug

al

Norw
ay

Gree
ce

Can
ad

a

Belg
ium

Holl
an

d

Ire
lan

d

Germ
an

y

Den
mark

9

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 

FIGURE 8

Mean Intake of Mercury for the Population of Various Countries  
due to Shellfish Consumption
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A Negative Correlation Between  
Dengue and Bushfires in Brazil

The number of bushfire focus in Brazil 
has grown tenfold in the last 10 years, 
from slightly more than 100,000 in 

2000, peaking to around one million in 2007, 
with a total of 5.9 million focus observed in 
the 10 year period from 2000 to 2009 (Cien-
cia e Technologia e Meio Ambiente, 2010). 
The main reasons for this growth in the num-
ber of bushfires are the expansion of the ag-
riculture frontier and, occasionally, droughts. 
A relationship between dengue and bushfires 
was first proposed by Massad and co-authors 
(2010), who hypothesized that haze caused 
by bushfires in Indonesia was responsible 
for an unexpectedly low number of dengue 
cases in Singapore in 2006. This hypothesis 
was rebutted by Wilder-Smith and co-authors 
(2010), who demonstrated through an au-
toregressive integrated moving average model 
the lack of association between dengue and 
haze (caused by bushfire) in Singapore. In 
Singapore, however, the level of haze related 
to bushfires is below the national alert level 
in the great majority of the weeks analyzed 
by Wilder-Smith and co-authors (2010). In 

the case described here, the intensity of haze 
caused by bushfires is much more severe than 
what is generally observed in Singapore and 
presumably above the hypothesized thresh-
old for effects on mosquitoes. We carried out 
a univariate correlation analysis between the 
number of focus of bushfires and dengue cas-
es in four Brazilian states for the period from 
2000 to 2009. These states are responsible for 
50% of the total number of focus of bushfires 
in Brazil in the 10 years analyzed. Results 
point to a negative correlation between bush-
fires and dengue that are highly significant in 
the four states studied (Figure 1).

It is noticeable in the figure that the time-
series shows that in years with a high num-
ber of focus of bushfires the number of den-
gue cases is low, and vice versa, indepen-
dently of the known seasonal variation in 
the number of dengue cases and bushfires. 

Although the correlations found point 
to a negative association between bushfires 
and dengue, further studies involving multi-
variate analysis taking into account potential 
confounders are necessary to confirm this 

possible association. In addition, the main 
hypothesis to explain the negative associa-
tion found between bushfires and dengue, 
namely that mosquitoes are killed by the 
haze resulting from bushfires, should be 
tested experimentally in the laboratory. 
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Time Series and Correlations Between Dengue and Bushfi res in Four Brazilian States

Red indicates the number of bushfi res and blue indicates the number of dengue cases. State abbreviations are Para (PA), Rodonia (RO), MatoGrosso do Sul (MS), and MatoGrosso (MT).

FIGURE 1
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Although most of the information presented 
in the Journal refers to situations within the 
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periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
Dengue has emerged as an international 
public health problem (Jacobs, 2000). This 
mosquito-borne viral infection is endemic 
in more than 100 countries of Africa, Cen-
tral and South America, Asia, and the West-
ern Pacific (Castleberry & Mahon, 2003). 

Although the etiologic agents (DEN-1, DEN-
2, DEN-3, and DEN-4) and principal vectors 
(Aedes aegypti and Ae. albopictus) are well 
studied, no specific management of the clini-
cal cases exists. In addition, vaccines against 
dengue remain commercially unavailable. 
Vector control is considered the only strategy 

to control the transmission of the disease 
(Guzmán & Kourí, 2002). Elimination of 
adult mosquitoes in the endemic area is one 
of the general approaches to dengue control. 
The World Health Organization (WHO) has 
documented that space-spray is effective 
against adult mosquitoes in dengue control 
activities (WHO, 1996).

As a principal vector, Ae. aegypti is 
able to transmit dengue at temperatures 
over 20°C. It loses this capability, how-
ever, below 16°C (Blanc & Caminopet-
ros, 1930). This species has a flight range 
of 25 m to over 100 km in open areas 
and may fly 2.5 km/day (Wolfinsohn & 
Galun, 1953). Ae. albopictus may also 
transmit dengue (Sabin, 1952). In Tai-
wan, Ae. albopictus distributes through-
out the island whereas Ae. aegypti is com-
monly found in the regions south of the 
Tropic of Cancer. Ae. aegypti breeds in 
artificial water containers such as vessels 
and discarded tires whereas Ae. albopictus 
breeds in natural ones such as tree holes 
(Teng, 1996). The abundance of these 
two species has seasonal variations. Ae. 
albopictus was found to have a signifi-
cantly higher proportion than Ae. aegypti 
throughout the year (Pai & Lu, 2009).

The first records of dengue in Taiwan 
can be traced back to 1870. Since then, a 
number of epidemics have occurred (Ko, 
1989). In 1981, an outbreak occurred on 

Abst ract  The effectiveness of regular application of 

insecticidal fogging in reducing dengue is questionable, since delays occur 

between peak time of outbreak and insecticide administrations. Moreover, 

many residents do not accept indoor application because of concern 

about insecticide contamination of household items. The study described 

in this article was designed to evaluate the effectiveness and acceptance 

of insecticidal aerosol cans to reduce dengue vectors inside and outside 

of homes. Residents in Kaohsiung City of South Taiwan were provided 

with two formulations of aerosol cans (permethrin 3.75% weight/weight 

[w/w] and cypermethrin 1.716% w/w) and were requested to use these 

aerosol cans. Although the indoor ovitrap index of the permethrin group 

returned to the original level in week 3, the index of the cypermethrin group 

decreased 60% to 20%. The residents accepted the insecticidal aerosol cans 

but complained of unfavorable effects caused by traditional insecticidal 

fogging. Results indicate that the insecticidal aerosol cans may serve as 

a supplementary household control measure for dengue vectors during 

the time period between the peak of outbreak and the administration of 

government-organized insecticide fogging.
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Liouchyou district, an offshore island in 
southwest Taiwan. The causative agent was 
identified to be DEN-2 and it was probably 
imported from the Philippines (Hsieh et al., 
1982; Wu, 1986). Between 1987 and 1988, 
another outbreak due to DEN-1 appeared in 
South Taiwan and more than 10,000 cases 
were reported (Ko, 1989). After subsiding 
for two years, dengue reemerged in 1991, 
although the severity was milder (Harn, 
Chiang, Tian, Chang, & Ko, 1993). In addi-
tion to the southern part of the island, an 
outbreak also affected Taipei County of 
North Taiwan in 1995 (Teng et al., 1998). In 
June 2002, more than 5,000 cases of dengue 
fever and 241 cases of dengue hemorrhagic 
fever were reported in South Taiwan. Due to 
an extensive history of dengue burden, con-
trol measures such as early case detection in 
sentinel health facilities, early warning sys-
tems, and prompt extensive vector control 
have been applied in this region.

As a general control measure, insecti-
cidal fogging is regularly administered 
to endemic and/or nonendemic areas in 
South Taiwan. The effectiveness of this 
control strategy is questionable, however, 
since delays occur between peak time of 
outbreak and insecticide administrations. 
Many residents refuse to allow government 
workers to conduct indoor insecticidal fog-
ging because of concern over insecticide 
contamination of household items. WHO 
has recommended the use of personal pro-
tective measures such as aerosol insecticide 
spraying at home and in the peridomestic 
environment (WHO, 1997). In order to 
evaluate the effectiveness and acceptance of 
the personal use of insecticidal aerosols as a 
measure to reduce dengue fever vectors, we 
provided residents in experimental house-
hold groups with different formulations of 
total release insecticidal aerosol cans. The 
effectiveness of these formulations and 
insecticidal fogging in reducing dengue 
vector populations were compared by ovi-
trap index. The acceptance of these mea-
sures was also evaluated by a questionnaire.

Methods

Study Areas and Insecticidal Aerosol 
Can Formulations
Our study, conducted in May 2006, was 
approved by the Department of Environ-

mental Sanitation and Toxic Substance 
Management, Environmental Protection 
Administration, Executive Yuan, Republic 
of China. Three boroughs were selected ran-
domly from each of two randomly selected 
districts of Kaohsiung City in South Taiwan 
and divided into three experimental groups. 
In the first treatment group, insecticidal 
fogging was administered indoor and out-
door by the government. 

In addition to the dengue surveillance 
measures (Center for Disease Control, 
Republic of China, 2003) and insecticidal 
fogging administered outdoor by the gov-
ernment, households in the other two 
experimental groups were provided with 
one of two formulations of total release 
insecticidal aerosol cans (permethrin 3.75% 
weight/weight [w/w] and cypermethrin 
1.716% w/w) for indoor personal adminis-
tration. The aims, application procedures, 
and cautions of our study were clearly 
explained to the participants by well-
trained inspectors. These cans were then 
returned to our laboratory to determine the 
status of usage.

Application of Insecticidal  
Aerosol Cans
Before release of the insecticidal aerosol, the 
residents were requested to keep their win-
dows and doors closed and to cover all food 
materials and drinking water. The content 
of each aerosol can was applied to an area 
of 11 m2. Each can was placed in the center 
of the room before pressing the button on 
the can to release the insecticidal aerosol in 
about 60 seconds. The windows and doors 
were then opened 30 minutes later. These 
cans were then returned to our laboratory 
to determine the status of usage.

Evaluation of the Immediate 
Effectiveness of Insecticidal  
Aerosol Cans
In 20 randomly selected households within 
the aerosol can experimental groups, three 
mosquito cages were set up vertically 
with 70-cm spaces between each cage. 
Each cage contained 20 female mosquitoes 
of the Bora Bora strain and local strains of 
Ae. aegypti and Ae. albopictus (3–6 days 
old and reared in the laboratory within 
three generations) and were positioned in 
the testing area before insecticidal aerosol 

application. These insects were prepared 
according to Lin and co-authors (2003). 
The knockdown time (KT

50
) and mortality 

after 24 hours were determined to evaluate 
the immediate effectiveness of the insecti-
cidal aerosol cans.

Evaluation of Short-Term 
Effectiveness of Control Measures
Indoor and outdoor densities of dengue vec-
tors were quantified using an ovitrap index 
before insecticide application and in weeks 
1–3 after intervention for change compari-
son among participant households. Ovitraps 
were designed according to Jakob and Bevier 
(1969). Each trap was a black cylindrical 
jar with a water-wetted paper strip inside. 
Traps were placed inside and outside of each 
household for five days. The ovitrap index 
was determined for both inside and outside 
homes as the number of traps with laid eggs/
total number of traps × 100.

Questionnaire
Participants in the experimental groups were 
asked to complete a structural questionnaire 
to determine the acceptance level of the 
insecticidal aerosol cans and the insecticidal 
fogging administered by the government.

Statistical Analysis
KT

50
 was calculated according to Finney 

(1971). Rates were analyzed using the χ2 
test. Statistical significance was set at p < .05.

Results

Immediate Effectiveness of 
Insecticidal Aerosol Can Application
The immediate effectiveness of insecticidal 
aerosol cans was quantified using KT

50
 and 

mortality rates after 24 hours posttreat-
ment in 20 randomly selected households 
within each experimental group (Table 1). 
Among mosquitoes of the Bora Bora strain, 
the overall KT

50
 was shorter in the perme-

thrin group (1.60±0.62 minutes) than in 
the cypermethrin group (2.02±1.33 min-
utes). In the local strains of Ae. aegypti and 
Ae. albopictus, however, the overall KT

50
 

was shorter in the cypermethrin group 
(Ae. aegypti 1.45±1.03 minutes and Ae. 
albopictus 2.94±1.55 minutes) than in the 
permethrin group (Ae. aegypti 1.49±1.02 
minutes and Ae. albopictus 3.04±1.35 min-
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utes). Mortality rates of all three strains 
at 24 hours postinsecticide application 
were 100%.

Long-Term Effectiveness of  
Control Measures
Short-term residual effects of the two for-
mulations of insecticidal aerosol cans and 
insecticidal fogging applications were evalu-
ated by determining changes in the ovitrap 
index in study households before control 
and weeks 1–3 after insecticide application 
(Figures 1a and 1b). The indoor ovitrap 
index of the permethrin group decreased 
from 60% before the control to 45% in weeks 
1 and 2 after control. The index returned to 
the original level of 60% in week 3. In the 
cypermethrin group, the index decreased 
from 65% before control to 5% in week 1 
and then increased to 20% in weeks 2 and 3. 
The insecticidal fogging only group showed 
an index of 35% before control, decreased to 
5% in week 1, and finally increased to 15% in 
week 3 (Figure 1a). 

Outdoor ovitrap indices were higher than 
the corresponding indoor ones. For the per-
methrin group, the outdoor index decreased 
from 90% before control to 65% in week 1 
and then increased to 80% in weeks 2 and 3. 
Before control, the cypermethrin group had 
an index of 75%. This index then decreased 
to 25% in week 1 and 5% in week 2 before 
increasing to 50% in week 3. Before control, 
the insecticidal fogging only group had an 
index of 85% that then decreased to 15% 
in week 1 before returning to 50% and 45% 
in weeks 2 and 3, respectively (Figure 1b).

Demographic Characteristics of the 
Respondents to the Questionnaire
The demographic characteristics of the sur-
vey respondents are shown in Table 2. No 
significant differences were found in the sex, 
education, occupation, and residence type 
among the permethrin, cypermethrin, and 
insecticidal fogging only groups. Only one 
household in the permethrin group and nine 
households in the insecticidal fogging group 
reported having a history of dengue fever/
dengue hemorrhagic fever in family members.

Application of Insecticides in 
Households
Among 600 households surveyed, 282 
(47.3%) used household insecticide prod-

ucts without a definite time schedule 
and 194 (32.6%) did not use any insec-
ticides within their homes. Regular per-
sonal usage of insecticides was found only 
in 120 (20.1%) of the households. Only 
284 (48.1%) households received rou-
tine indoor and outdoor administration of 
insecticides by the local government and 
193 (32.3%) reported having had outdoor 
administration only. A total of 117 (19.6%) 
households did not receive any insecticide 
administration from the local government. 
Of those households that were approached 
by the local government during vector con-
trol campaigns, only 182 (30.7%) cooper-
ated with indoor and outdoor administra-
tion of insecticides by the government and 
274 (46.2%) cooperated for outdoor appli-
cation only. A total of 20 (3.4%) households 
surveyed did not cooperate with insecticide 
administration by the government.

Unfavorable Effects Caused by 
Regular Insecticide Administration
Although 194 (32.3%) respondents did not 
complain after receiving insecticide admin-
istration by the local government, 229  
(38.2%) considered the odor unacceptable, 

and 111 (18.5%) reported the contami-
nation of insecticide not easy to clean. In 
addition, 88 (14.7%) felt inconvenienced 
by the insecticide administration team (i.e., 
waiting for arrival, etc.). Chemical wetting 
of the floor and potential for causing ill-
ness were complaints from 45 (7.5%) and 
26 (4.3%) respondents, respectively. Addi-
tional complaints consisted of causing dam-
age to furniture (1.2%), damage to the floor 
(1%), death of aquarium fish (0.5%), and 
death of pets (0.5%).

Acceptance of Insecticidal  
Aerosol Cans
Although only six (3.0%) respondents in 
the permethrin group and 24 (1.2%) in 
the cypermethrin group had heard of the 
insecticidal aerosol cans, they applied the 
two formulations of aerosol cans to their 
households. The number of empty cans 
returned was found to match the number 
of cans provided. After application, 166 
(83.0%) respondents/households in the 
permethrin group and 110 (55.0%) in the 
cypermethrin group preferred the insecti-
cidal aerosol cans to the regular insecticide 
administration by the government.

Knockdown Times (KT50) of Bora Bora Strain, Aedes aegypti, and 
Aedes albopictus After Application of Insecticidal Aerosol Cans  
in 20 Randomly Selected Households

Mosquito Cage KT50 (Minutes)

Permethrin  
(3.75% weight/weight)

Cypermethrin  
(1.716% weight/weight)

Bora Bora strain
Upper 1.74±0.69 2.25±1.57
Middle 1.55±0.63 1.82±0.98
Lower 1.50±0.55 2.01±1.43
Overall 1.60±0.62 2.02±1.33

Ae. aegypti
Upper 1.84±1.20 1.77±1.13
Middle 1.30±0.99 1.30±0.95
Lower 1.38±0.83 1.29±0.99
Overall 1.49±1.02 1.45±1.03

Ae. albopictus
Upper 3.12±1.33 3.02±1.84
Middle 2.87±1.20 2.72±1.73
Lower 3.11±1.56 2.76±1.75
Overall 3.04±1.35 2.94±1.55

TABLE 1
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Unacceptable Reasons for the 
Insecticidal Aerosol Cans
Of the survey respondents in the experimen-
tal groups, 175 (87.5%) in the permethrin 
group and 125 (62.5%) in the cypermethrin 
group did not have reasons to refuse the 
insecticidal aerosol cans (Table 3). Forty-
three (21.5%) respondents had complaints 
of unacceptable odor in the cypermethrin 
group, significantly higher than the five 
(2.5%) respondents in the permethrin group 
(p < .05). The percentages of the remaining 
reasons were lower than or equal to 5%.

Discussion
In a previous study, we determined that 
the abundance of dengue vectors peaked in 
May, June, and September in the endemic 
districts and in May and October in non-
endemic districts in Kaohsiung (Pai & Lu, 
2009). Therefore, we conducted the eval-
uation of the effectiveness and acceptance 
of the insecticidal aerosol cans in May. Our 
current study was conducted in two nonen-
demic districts of this city.

Insecticidal aerosol cans have been pre-
viously evaluated to be effective and fea-
sible for dengue fever control in southern 
Vietnam. The reduction rate in the num-
ber of dengue hemorrhagic fever cases was 
significantly higher in the study area than 
in the control area. The cost of the insec-
ticidal aerosol cans was also lower than 
for ultralow-volume fogging (Osaka, Ha, 
Sakakihara, Khiem, & Umenai, 1999). 

In our current study, we evaluated two 
formulations of insecticidal aerosol cans. 
These formulations were not only dem-
onstrated to have immediate effects to 
dengue vectors using KT

50 
and 24-hour 

mortality rates as indicators, but also dem-
onstrated short-term effects in reducing 
the abundance of vectors after application. 
These findings signified their effectiveness 
in the chemical control of vectors harbor-
ing the dengue virus. Although permethrin 
(3.75% w/w) was found to be effective to 
reduce the ovitrap indices in week 1 after 
control, the abundance of dengue vectors 
returned to the original levels in week 3. 
The effect of cypermethrin (1.716% w/w) 
to reduce ovitrap indices was more resid-
ual than permethrin (Figure 1). The KT

50
 

of cypermethrin was also shorter than 
permethrin. These findings may be due to 

a. Indoor Ovitrap Index of Dengue Vectors Before and After  
Control by Total Release Insecticidal Aerosol Cans

 

b. Outdoor Ovitrap Index of Dengue Vectors Before and After 
Control by Total Release Insecticidal Aerosol Cans

In the experimental groups, formulations of permethrin (3.75% weight/weight [w/w]) and cypermethrin (1.716% 
w/w) were administrated. Households receiving only insecticidal fogging administered by the environmental 
protection unit were used as a control.
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the existence of resistance to permethrin 
among mosquitoes in South Taiwan. This 
suggestion requires further experimental 
evidence, however.

To prevent the transmission of dengue, 
community-based control projects have 
been administered in different countries 
(Chiaravalloti Neto, de Moraes, & Fer-
nandes, 1998; Kay et al., 2002; Kroeger 
et al., 1995; Leontsini, Gil, Kendall, & 
Clark, 1993; Reiter et al., 1994; Van Ben-
them et al., 2002). The effectiveness of 
these campaigns is strongly dependent 
on the disease knowledge and behavior of 
community members. Despite this, educa-
tion programs can be implemented to not 
only increase dengue-related knowledge 
and generate awareness of the importance 
of vector control for preventive measures 
against dengue (Espinoza-Gomez, Her-
nandez-Suarez, & Coll-Cardenas, 2002; 
Fajardo, Monje, Lozano, Realpe, & Her-
nandez, 2001; Madeira, Macharelli, Pedras, 
& Delfino, 2002; Winch et al., 2002). Even 
a short-term community-based cleanliness 
educational program may change the den-
gue-related behavior of people and reduce 
the abundance of dengue vectors (Pai, 
Hong, & Hsu, 2006). 

The insecticidal aerosol cans evaluated 
in our current study are products that may 
supplement such community-based cam-
paigns. Although insecticidal fogging is 
effective in reducing indoor and outdoor 
abundance of dengue vectors, a portion 
of the study households considered the 
odor unacceptable and the contamination 
of insecticide not easy to clean. The resi-
dents also felt inconvenienced in waiting 
for the insecticide administration team dur-
ing scheduled indoor fogging applications. 
These findings indicate that household 
products, such as the aerosol cans, should 
be well received in this community. In fact, 
most of the participants were not aware of 
the insecticidal aerosol cans prior to our 
study, but were willing to apply the product 
within their homes according to our instruc-
tions. In addition to their cooperation, par-
ticipants were accepting of the new prod-
uct as an alternative to the regular insec-
ticide administration by the government, 
although a portion of residents did consider 
cypermethrin to have an unacceptable odor. 
Improvement of odor may be modified, 

however, by improving the formulation in 
future postproduct development.

Conclusion
The insecticidal aerosol cans when used 
in combination with outdoor fogging were 

effective in reducing the abundance of 
dengue vectors both inside and outside of 
homes. The insecticidal aerosol cans may 
be applied as a supplementary chemical 
control measure for dengue vectors during 
the time period between the peak of clinical 

Demographic Characteristics of Respondents to the Acceptance 
of Insecticidal Aerosol Cans Against Dengue Transmission

Factor Permethrin Group 
(n = 200)

Cypermethrin Group 
(n = 200)

Insecticidal  
Fogging Only Group 

(n = 200)

# % # % # %

Sex
Male 90 45.0 98 49.0 74 37.2
Female 110 55.0 102 51.0 125 62.8

Education
Secondary or below 162 81.0 122 61.0 116 58.0
College or above 34 17.0 37 18.5 50 25.0

Occupation
Household affairs 68 34.0 58 29.0 63 32.1
Others 128 64.0 124 62.0 133 67.9

Type of residence 
Single family 147 73.5 102 51.0 157 78.5
Apartment 53 26.5 56 28.0 43 21.5

Family member with history of dengue fever/dengue hemorragic fever
Yes 1 0.5 0 – 9 4.6
No 199 99.5 200 100.0 191 95.4

TABLE 2

Unacceptable Reasons for Insecticidal Aerosol Cans in the  
Survey Households

Reason Permethrin Group 
(n = 200)

Cypermethrin Group 
(n = 200)

# % # %

No unacceptable reasons 175 87.5 125 62.5
Using the cans only once is wasteful 0 – 10 5.0
Unacceptable smelling 5 2.5 43 21.5*
The traditional method is good 1 0.5 4 2.0
Contamination not easy to clean 3 1.5 0 –
May cause damage to children, plants, and pets 1 0.5 5 2.5
This new product may not ensure safety 1 0.5 1 0.5
Troublesome 10 5.0 7 3.5
Unnecessary 3 1.5 5 2.5

*χ2 test: p < .05.

TABLE 3

JEH1-2.14_PRINT.indd   72 12/6/13   4:26 PM



 January/February 2014 • Journal of Environmental Health 73

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

case outbreak and administration of insec-
ticide fogging. The insecticidal aerosol cans 
may also be used as a personal protective 
measure in reducing the abundance of den-
gue indoors in endemic areas. 
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Introduction
The air pollution in northern Thailand has 
been well recognized as a smog crisis from 
January to April every year since 2007. For 
example, the Pollution Control Department’s 
monitoring stations in the northern areas 
showed that in March 2010, the levels of 
particulate matter less than 10 µm in aerody-
namic diameter (PM

10
) exceeded Thailand’s 

24-hour average standard level of 120 µg/m3 
(Pollution Control Department, Thailand, 
2012) every day. The highest level was on 
March 18, 2010, at 518.5 µg/m3, which is the 
all-time record (Pollution Control Depart-
ment, Thailand, 2011). 

Much research has been well documented 
showing the adverse effects of air pollution 
such as asthma, chronic obstructive pulmo-
nary disease, ischemic heart diseases, con-
gestive heart failure, heart rhythm disorders, 
and diabetes (Brunekreef & Holgate, 2002; 
Forastiere, D’Ippoliti, & Pistelli, 2002; Pope 
& Dockery, 2006; Wiwatanadate & Trakulti-
vakorn, 2010). Studies have been conducted 
to assess the effects of pollutants on the respi-
ratory symptoms (Bayer-Oglesby et al., 2006; 
Cesaroni, Badaloni, Porta, Forastiere, & 
Perucci, 2008; Forsberg, Stjernberg, & Wall, 
1997; Garshick, Laden, Hart, & Caron, 2003; 
Lai et al., 2010; Lee et al., 2005; Schindler et 

al., 2009), heart rate (Pope et al., 1999), and 
ophthalmological symptoms (Bourcier et al., 
2003). Nearly all of these studies investigated 
the health effects due to exposure to traffic- 
or industry-related pollution. Other studies 
have shown the effects of smoke from forest 
fires on the increased rates of hospitalization 
(Ignotti et al., 2010; Mott et al., 2005) or seek-
ing care in various groups (Lee, Falter, Meyer, 
Mott, & Gwynn, 2009; Moore et al., 2006). 
Air pollution from forest fire smoke also elicits 
inflammation within the lungs in firefighters 
(Swiston et al., 2008). The summary of epide-
miological studies of short-term health effects 
of air pollutants is shown in Table 1.

No studies thus far have assessed the acute 
effects of open burning–related air pollution 
in a general adult population in Chiang Mai. 
In this study, the aim was to assess the effects 
of air pollutants on acute symptoms of par-
ticipants residing in Mae Rim district, Chi-
ang Mai, Thailand.

Materials and Methods

Design and Study Participants
A time series prospective study was chosen as 
the design, which involved daily interview-
ing about air pollution–related symptoms 
in a general population and daily records of 
air quality and meteorological parameters. It 
was conducted in Chiang Mai, which is one 
of the largest cities in Thailand, located 696 
km north of Bangkok. Chiang Mai’s popula-
tion in 2012 was around 1.7 million people 
distributed in 24 administrative districts, 
including Mae Rim district (the study area; 
see Figure 1). 

Abst ract  Open burnings (forest fires, agricultural, and 

garbage burnings) are the major sources of air pollution in Chiang Mai, 

Thailand. A time series prospective study was conducted in which 3,025 

participants were interviewed for 19 acute symptoms with the daily 

records of ambient air pollutants: particulate matter less than 10 µm in 

size (PM
10

), carbon monoxide (CO), nitrogen dioxide (NO
2
), sulfur dioxide 

(SO
2
), and ozone (O

3
). PM

10
 was positively associated with blurred vision 

with an adjusted odds ratio (OR) of 1.009. CO was positively associated 

with lower lung and heart symptoms with adjusted ORs of 1.137 and 

1.117. NO
2
 was positively associated with nosebleed, larynx symptoms, 

dry cough, lower lung symptoms, heart symptoms, and eye irritation 

with the range of adjusted ORs (ROAORs) of 1.024 to 1.229. SO
2
 was 

positively associated with swelling feet, skin symptoms, eye irritation, 

red eyes, and blurred vision with ROAORs of 1.205 to 2.948. Conversely, 

O
3
 was negatively related to dry cough, red eyes, and blurred vision with 

ROAORs of 0.891 to 0.979.

Acute Air Pollution–Related 
Symptoms Among Residents  
in Chiang Mai, Thailand
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Since Mae Rim has been annually affected 
by the smog crisis, especially from January 
to April, and it has an air quality monitor-
ing station installed at the center of the dis-
trict, the participants were recruited with the 
following eligibility criteria: (1) age greater 
than 14 years old; (2) nonsmoker; and (3) 
had lived in Mae Rim for more than one year. 
The households in the area were used as the 
sampling unit. Each day, starting January 
1 until April 30, 2008, 25 households were 
randomly selected without replacement; 
then, one member in that household who 
met the above criteria was randomly selected 
in the field for an interview by a trained 
research assistant of current day’s 19 symp-
toms (answering as “yes” or “no”). Because 
of the time constraint, if no eligible member 
was available, an adjacent household in the 
radius of 100 m would replace it. The par-
ticipants were selected on a non-duplicable 
basis to avoid the autocorrelation. All par-
ticipants lived within a 10-km radius of the 

air quality monitoring station; the majority 
lived within 5 km.

The study protocol was approved by the 
research ethics committee of the Faculty 
of Medicine, Chiang Mai University. An 
informed written consent was obtained from 
all subjects prior to the interview. If the sub-
jects were less than 20 years old, an informed 
written consent was obtained from their 
legal guardians.

Measurements of Air Pollutants and 
Meteorological Parameters
Ambient air concentrations of pollutants 
were measured by the Pollution Control 
Department, Ministry of National Resources 
and Environment with the continuous 
automated air sampling monitoring station 
located at the center of the city. The analysis 
method for each pollutant was as follows: 
for carbon monoxide (CO) concentrations, 
nondispersive infrared detection; for sulfur 
dioxide (SO

2
) concentrations, pararosani-

line technique; for nitrogen dioxide (NO
2
) 

and ozone (O
3
) concentrations, chemilu-

minescence technique; and for PM
10

, gravi-
metric technique (Air Quality and Noise 
Management Bureau, 2004). All techniques 
were certified by the U.S. Environmental 
Protection Agency. The calibration of the 
instruments was performed every 15 days. 
The quality control of the instrumental 
maintenance was guaranteed to accurately 
report all parameters not less than 90% of 
the total days of monitoring. The meteo-
rological data, i.e., pressure, temperature, 
relative humidity, visibility, and wind speed, 
were obtained from the Northern Meteorol-
ogy Center, Chiang Mai province on a daily 
24-hour-average basis. The wind direction 
during the study period was mostly from 
the northeast.

Statistical Analysis Methods
Since some redundancy might occur in the 
dependent variables, i.e., some of the symp-

Summary of Epidemiological Studies of Short-Term Health Effects of Air Pollutants 

Authors Health Effects Location of Study Period of Study Pollutantsb

Gold et al. (2000) Heart rate variabilitya Boston Summer PM2.5 and O3

Schwartz et al. (2005) Heart rate variabilitya Boston Summer PM2.5 and CO
Park et al. (2005) Heart rate variabilitya Boston All seasons PM2.5 and O3

Riojas-Rodriguez et al. 
(2006)

Heart rate variabilitya Mexico City All seasons CO

Holguin et al. (2003) Heart rate variabilitya Mexico City All seasons PM2.5 and CO
Chan et al. (2005) Heart rate variabilitya Urban Winter NO2

Min et al. (2009) Heart rate variabilitya Tae-in Island, South Korea Winter CO
Wheeler et al. (2006) Heart rate variabilitya Atlanta Fall and spring PM2.5 and NO2

Peters et al. (1999) Heart rate Augsburg, Germany All seasons CO
Liao et al. (2004) Heart rate Suburban All seasons CO
Metzger et al. (2007) Arrhythmia Urban Winter SO2 
Dockery et al. (2005) Arrhythmia Boston All seasons CO
Peters et al. (2000) Arrhythmia Eastern Massachusetts All seasons CO
Berger et al. (2006) Arrhythmia Erfurt, Germany Winter CO
Schwartz et al. (1994) Cough Urban Summer NO2

Mortimer et al. (2002) Cough, wheeze, shortness 
of breath

Urban All seasons O3, SO2, NO2, and PM10

Schildcrout et al. (2006) Cough, asthmatic symptoms Urban All seasons CO and NO2

van der Zee et al. (2000) Upper respiratory symptoms Urban Winter PM10

Harré et al. (1997) Chest symptoms Urban Winter PM10

Ségala et al. (2004) Rhinorrhea and cough Urban Winter NO2 and PM10

aHeart rate variability refers to the beat-to-beat alterations in the heart rate. 
bPM2.5 = particulate matter less than 2.5 µm in size; O3 = ozone; CO = carbon monoxide; NO2 = nitrogen dioxide; SO2 = sulfur dioxide; PM10 = particulate matter less than 10 µm in size.

TABLE 1
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toms are correlated with one another pos-
sibly because they are measuring the same 
construct, the principal component analy-
sis (PCA) was applied. PCA is a statistical 
technique that transforms the original data 
matrix into new variables, the so-called prin-
cipal components (PC), which are orthogo-
nal (uncorrelated) to each other (McNabola, 
Broderick, & Gill, 2009). Although PCA is 
mostly used for reducing the dimensional-
ity associated to multivariate analyses, it 
was applied in this study as a nonparametric 
method of classification, in order to classify 
the symptoms into groups (PCs). The binary 
logistic regression was then used to deter-
mine the associations among each symp-
tom and air pollutants and meteorological 
parameters. The relative risks were estimated 
using odds ratios (OR) with 95% confidence 
intervals (CI). Since all air pollutants and 
meteorological variables were recorded as a 
time series and it is assumed that they had 
lagged (or delayed) effects on the symptoms, 
the analyses were conducted by performing a 
separate univariate analysis of each air pollut-
ant and meteorological parameter at lags 0–6 
with each of the symptoms. The best lagged 
effect, i.e., the least p-value, (Wiwatanadate & 
Liwsrisakun, 2011; Wiwatanadate & Trakul-
tivakorn, 2010) was entered in the next step 
along with key outcome-related personal 
(gender and age) and temporal (date [time 
trend] and day of week) factors as well as the 
interaction terms between each of the pollut-
ants and meteorological parameters that were 
found significantly correlated. The forward 
stepwise likelihood ratio test—the stepwise 
selection method with entry testing (p-value 
< .05) based on the significance of the score 
statistic, and removal testing (p-value > .1) 
based on the probability of a likelihood-ratio 
statistic based on the maximum partial likeli-
hood estimates—was subsequently applied to 
each model to select the final model (Klein-
baum & Klein, 2002). The statistical software 
used in the analyses was the R version 2.8.1.

Results

Demographic and Characteristics  
of Participants
Table 2 shows the details. The number of 
the subjects participating in the study was 
3,025 (1,001 males and 2,024 females). 
Their median age was 51 years with a range 

of 15–91 years. The top five highest percent-
ages of symptoms found in the survey were 
stuffy nose (34.8%), tiredness (33.7%), 
body itch (32.9%), burning or itching eyes 
(30.7%), and running nose (28.7%).

Description of Ambient Exposure 
Measurement
Table 3 indicates the exposure parameters. 
Due to air quality monitoring equipment 
malfunction, one out of 121 days (0.8%) 
was missing for the PM

10
, CO, O

3
, NO

2
, and 

SO
2
 data. Three out of 120 days (2.5%) had 

a 24-hour average of PM
10

 that exceeded the 
current Thailand’s National Ambient Air Qual-
ity Standards (NAAQS) of 120 µg/m3. The SO

2
 

concentrations were within Thailand NAAQS 
limit of 120 parts per billion (ppb). Pearson 
correlation coefficients among air pollutants 
and meteorological parameters are shown in 
Table 4. The strongest correlation was between 
visibility and PM

10
 with a coefficient of -0.59.

Principal Component Analysis
PCA was applied to the 19 pollutant-related 
symptoms to assist in grouping of symp-

toms. At first, Kaiser’s criterion was adopted 
to decide the tentative number of factors to 
be retained (only factors with eigenvalues 
>1) (Kaiser, 1958), and only six factors met 
the criteria with the total variance explained 
of 52.9%. Six more factors were added, how-
ever, because their initial eigenvalues were 
close to 1 (0.800–0.980). Keeping the 12 fac-
tors in the analysis, accounting for the total 
variance of 80.7%, would facilitate in group-
ing symptoms effectively. Variables with 
high loadings (weightings) indicate a strong 
interrelationship; the loading would be con-
sidered high if its coefficient is 0.5 or greater 
(McNabola et al., 2009). As shown in Table 
5, for the first component, the symptoms 
with high correlations were stuffy nose, run-
ning nose, and burning nose; therefore, these 
three were grouped as “rhinitic symptoms.” 
By the same token, the body itch and body 
rash in the second component were grouped 
as “skin symptoms”; the burning throat and 
hoarseness in the third component were 
grouped as “larynx symptoms”; the burn-
ing or itching eyes and watery eyes in the 
fourth component were grouped as “eye irri-

Study Area and Locations Where the Majority of Participants Live

FIGURE 1

Photo retrieved from DigitalGlobe/Google Earth on December 25, 2010.
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tation symptoms”; the shortness of breath 
and whistling breath in the fifth component 
were grouped as “lower lung symptoms”; the 
tiredness and palpitation in the sixth com-
ponent were grouped as “heart symptoms.” 
Other symptoms in components 7–12: red 
eyes, swelling feet, nosebleed, productive 
cough, blurred vision, and dry cough were 
kept “as is.” The new variables were then 
recoded to “1” if any of the original variables 
was coded “1” and was recoded to “0” if 
and only if all of the original variables were 
coded “0.”

Association of Exposure  
and Symptoms
Table 6 shows the analytic results of 
adjusted ORs with 95% CI of parameters 
statistically associated with symptoms. 

Regarding the pollutants, PM
10

 was signifi-
cantly positively associated with blurred 
vision with adjusted ORs of 1.009 (95% 
CI = 1.004 to 1.014) per 1 mg/m3. The CO 
concentrations were significantly positively 
associated with lower lung symptoms and 
heart symptoms with adjusted ORs of 1.137 
(95% CI = 1.027 to 1.258) and 1.117 (95% 
CI = 1.018 to 1.224) per 1 part per mil-
lion, respectively. The NO

2
 concentrations 

were significantly positively associated with 
nosebleed, larynx symptoms, dry cough, 
lower lung symptoms, heart symptoms, and 
eye irritation with adjusted ORs of 1.229 
(95% CI = 1.070 to 1.412), 1.044 (95% CI 
= 1.023 to 1.065), 1.034 (95% CI = 1.014 
to 1.055), 1.039 (95% CI = 1.015 to 1.063), 
1.024 (95% CI = 1.007 to 1.041), and 1.051 
(95% CI = 1.032 to 1.070) per 1 part per 
billion (ppb), respectively. 

The SO
2
 concentrations were signifi-

cantly positively associated with swell-
ing feet, skin symptoms, eye irritation, red 
eyes, and blurred vision with adjusted ORs 
of 2.416 (95% CI = 1.233 to 4.731), 1.205 
(95% CI = 1.035 to 1.402), 1.264 (95% CI 

= 1.085 to 1.471), 2.948 (95% CI = 1.463 
to 5.940), and 1.210 (95% CI = 1.004 to 
1.459) per 1 ppb, respectively. In contrast, 
the O

3
 concentrations were significantly 

negatively associated with dry cough, red 
eyes, and blurred vision with adjusted ORs 
of 0.979 (95% CI = 0.968 to 0.990), 0.891 
(95% CI = 0.847 to 0.938), and 0.962 (95% 
CI = 0.947 to 0.977) per 1 ppb, respectively. 
Furthermore, the synergistically multiplica-
tive effects of pollutants could be seen on 
the lower lung symptoms (NO

2
 and CO), 

heart symptoms (NO
2
 and CO), eye irri-

tation (SO
2
 and NO

2
), and blurred vision 

(SO
2
 and PM

10
).

Discussion
Some of the findings in this study are consis-
tent with those of the previous studies show-
ing that traffic-related pollutants were related 
to breathlessness (Bayer-Oglesby et al., 2006); 
wheeze (Bayer-Oglesby et al., 2006; Garshick 
et al., 2003); bronchitic symptoms, i.e., pro-
ductive cough (Bayer-Oglesby et al., 2006; 
Forsberg et al., 1997; Garshick et al., 2003; 
Lai et al., 2010); throat and nose irritation 

Descriptive Statistics for 
3,025 Study Participants in 
Mae Rim District, Chiang Mai, 
Thailand, During Study Period

Subject 
Characteristic

Value

Median age (age 
range, years)

51 (15–91)

# of Males/females 1001/2024
# With symptoms (%)

Stuffy nose 1052 (34.8)
Running nose 869 (28.7)
Burning nose 594 (19.6)
Nosebleed 9 (0.3)
Burning throat 632 (20.9)
Hoarseness 382 (12.6)
Dry cough 681 (22.5)
Productive cough 541 (17.9)
Shortness of 
breath

453 (15.0)

Whistling breath 148 (4.9)
Tiredness 1019 (33.7)
Swelling feet 27 (0.9)
Palpitation 171 (5.7)
Body itch 996 (32.9)
Body rash 397 (13.1)
Burning or itching 
eyes

930 (30.7)

Red eyes 37 (1.2)
Watery eyes 426 (14.1)
Blurred vision 566 (18.7)

TABLE 2

Daily Meteorological and Air Pollution Measurements in Mae Rim 
District, Chiang Mai, Thailand, During Study Period

Exposure 
(24-Hour 
Average)

Observations  
(#)

Minimum/
Maximum

Mean (SD) 90th 
Percentile

# Days 
Standards 

Exceeded (%)

Pressure (hPa) 121 1003.65/1044.50 1010.54 (4.42) 1014.50 –
Temperature 
(°C)

121 16.50/37.50 26.66 (4.11) 32.40 –

Relative 
humidity (%)

121 18.00/89.00 44.27 (12.15) 59.70 –

Visibility (km) 121 2.00/15.00 8.57 (2.26) 12.00 –
Wind speed 
(km/h)

121 0.00/24.10 6.76 (5.12) 14.64 –

PM10 (µg/m3)a 120 17.00/171.30 61.62 (25.95) 94.40 3 (2.5)b

CO (parts per 
million)a

120 0.10/9.00 0.72 (0.80) 0.90 –c

O3 (parts per 
billion [ppb])a

120 10.40/54.30 31.29 (8.89) 42.57 –c

NO2 (ppb)a 120 0.50/27.30 10.89 (4.53) 16.36 –c

SO2 (ppb)a 120 0.00/2.50 0.48 (0.53) 1.20 0 (0.0)d

aMissing because of equipment malfunction. PM10 = particulate matter less than 10 µm in size; CO = carbon 
monoxide; O3 = ozone; NO2 = nitrogen dioxide; SO2 = sulfur dioxide. 
bAccording to Thailand’s National Ambient Air Quality Standards (NAAQS) = 120 µg/m3. 
cAccording to Thailand NAAQS, 24-hour average standards are not available. 
dAccording to Thailand NAAQS = 120 ppb.

TABLE 3
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Correlation Matrix of Ambient Air Pollutants and Meteorological Parameters, Mae Rim District,  
Chiang Mai, Thailand, During Study Period

Factor Tempa RHa Visibility WSa PM10
a COa O3

a NO2
a SO2

a

Pressure –0.36** 0.25** 0.08 0.01 –0.04 0.06 –0.11 –0.09 –0.15
Temp –0.19* –0.28** –0.06 0.16 –0.07 0.46** 0.09 0.27**

RH 0.12 0.15 –0.33** –0.10 –0.22* –0.22* –0.20*

Visibility –0.13 –0.59** –0.17 –0.38** –0.34** –0.25**

WS –0.09 0.00 –0.17 0.14 0.00
PM10 0.35** 0.53** 0.57** 0.39**

CO 0.08 0.16 –0.01
O3 0.13 0.30**

NO2 0.17

aTemp = temperature; RH = relative humidity; WS = wind speed; PM10 = particulate matter less than 10 µm in size; CO = carbon monoxide; O3 = ozone; NO2 = nitrogen dioxide;  
SO2 = sulfur dioxide. 
*Correlation is significant at p < .05.
**Correlation is significant at p < .01.

Factor Loadings for the First 12 Rotated Components and Percentage of Variance Explained

Symptom Componenta

1 2 3 4 5 6 7 8 9 10 11 12

Stuffy nose 0.833 0.018 0.130 0.094 0.155 0.064 –0.010 0.021 0.015 0.109 0.007 0.080
Running nose 0.831 –0.017 0.088 0.017 0.051 0.041 0.038 0.008 0.034 0.226 0.028 0.095
Burning nose 0.598 0.046 0.402 0.155 0.165 0.040 0.000 –0.001 –0.020 –0.311 0.072 –0.130
Nosebleed 0.033 –0.016 0.007 –0.009 –0.010 0.016 –0.005 –0.005 0.996 –0.011 0.004 –0.005
Burning throat 0.223 0.059 0.768 0.115 0.129 0.100 –0.017 –0.023 –0.021 0.053 0.008 0.037
Hoarseness 0.092 –0.006 0.810 0.020 0.114 0.060 0.036 0.053 0.030 0.132 0.043 0.136
Dry cough 0.104 0.036 0.147 0.082 0.063 0.033 0.013 0.011 –0.005 –0.066 0.037 0.955
Productive cough 0.218 0.018 0.171 0.046 0.101 0.074 –0.015 –0.020 –0.014 0.874 0.011 –0.080
Shortness of 
breath

0.255 0.006 0.190 0.145 0.718 0.180 –0.021 –0.016 –0.016 0.034 0.043 –0.008

Whistling breath 0.054 0.040 0.094 0.011 0.885 0.080 0.027 0.042 0.003 0.062 0.026 0.070
Tiredness 0.071 0.093 0.122 0.098 0.160 0.672 0.032 0.024 –0.043 0.187 0.162 0.049
Swelling feet 0.023 –0.018 0.026 0.036 0.028 0.019 0.020 0.994 –0.005 –0.017 0.024 0.010
Palpitation 0.043 0.028 0.043 0.048 0.079 0.873 –0.003 0.000 0.052 –0.077 –0.014 –0.007
Body itch 0.031 0.874 –0.020 0.061 –0.024 0.091 0.008 0.004 –0.015 0.026 0.022 0.050
Body rash –0.013 0.878 0.070 0.049 0.069 0.015 0.014 –0.022 –0.001 –0.011 0.022 –0.015
Burning or  
itching eyes

0.117 0.062 0.058 0.843 0.054 0.088 –0.032 –0.036 –0.036 –0.035 0.046 0.036

Red eyes 0.022 0.021 0.016 0.099 0.009 0.023 0.988 0.020 –0.005 –0.012 0.031 0.012
Watery eyes 0.037 0.052 0.080 0.814 0.070 0.046 0.142 0.078 0.026 0.074 0.091 0.047
Blurred vision 0.053 0.044 0.050 0.133 0.057 0.115 0.032 0.025 0.005 0.007 0.970 0.036
Eigenvalues 3.735 1.687 1.331 1.217 1.056 1.020 0.980 0.921 0.906 0.862 0.810 0.800
% of Variance 19.658 8.879 7.006 6.405 5.559 5.368 5.158 4.846 4.766 4.536 4.265 4.210
Cumulative % 19.658 28.538 35.544 41.949 47.509 52.876 58.034 62.880 67.646 72.182 76.447 80.657

aBold number indicates the principal component of high significance (>0.5).

TABLE 4

TABLE 5
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(Forsberg et al., 1997); rhinitis, i.e., running 
nose and itching nose (Cesaroni et al., 2008; 
Forsberg et al., 1997); increased heart rate 
(Pope et al., 1999); and conjunctivitis, i.e., 
burning or itching eyes and red eyes (Bourcier 
et al., 2003). Furthermore, this study revealed 
that the pollutants can cause the same health 
effects as a synergism. For example, SO

2
 and 

NO
2
 synergistically increase risk of eye irrita-

tion as multiplicative effects. In addition, the 
individual pollutant is able to cause more 
than one symptom of the same organ or mul-
tiorgan systems.

The finding that pollutants have lagged 
effects means that they can be deemed as 
any biological agent that has an incubation 
period. We can make use of this finding to 
predict the symptoms beforehand. Addi-
tionally, the model expressions can be used 
to calculate the number of the population 
who will get sick once the pollutant level 
is known.

For those negative relationships between 
symptoms and ozone, they might be caused 
by the poor control of other confounding 
factors such as indoor air pollutants (cook-

ing smoke, chemicals, tobacco smoke, etc.); 
environmental pollens; other pollutants, 
e.g., volatile organic compounds; and par-
ticipants’ underlying diseases. By contrast, 
it is possible that low-dose exposure might 
be a protective factor. This can be compared 
to the fact that some toxic agents might be 
beneficial to health at low dose; for example, 
bacterial endotoxins might help reduce the 
risk of asthma in children (Obihara, Kim-
pen, & Beyers, 2007; Sordillo et al., 2010) 
and lifelong farm exposure may strongly 
reduce the risk of asthma in adults (Douwes 

Adjusted Odds Ratios (ORs) (95% Confidence Interval [CI]) of Parameters Statistically Associated With 
Symptoms, Mae Rim District, Chiang Mai, Thailand, During Study Period

aNO2 = nitrogen dioxide; O3 = ozone; CO = carbon monoxide; SO2 = sulfur dioxide; PM10 = particulate matter less than 10 µm in size.
bAll models were analyzed with the binary logistic regression using forward stepwise likelihood ratio test as a model selection method.
cRegrouped according to principal component analysis.

TABLE 6

Symptoms Parametersa Lagged 
(Days)

Adjusted ORs  
(95% CI)b

Rhinitic 
symptomsc

Date (time 
trend)

– 0.993 (0.990–0.995)

Visibility 3 0.945 (0.912–0.978)
Humidity 1 0.988 (0.982–0.995)

Nosebleed NO2 6 1.229 (1.070–1.412)
Wind speed 3 0.779 (0.630–0.964)

Larynx 
symptomsc

NO2 0 1.044 (1.023–1.065)
Visibility 6 0.940 (0.903–0.978)
Humidity 2 0.988 (0.979–0.997)
Pressure 6 1.079 (1.047–1.112)

Wind speed 2 0.971 (0.953–0.990)
Dry cough Age – 1.009 (1.003–1.015)

NO2 0 1.034 (1.014–1.055)
O3 2 0.979 (0.968–0.990)

Temperature 0 0.944 (0.920–0.968)
Wind speed 3 0.959 (0.941–0.979)

Productive 
cough

Gender 
(male)

– 1.348 (1.098–1.654)

Age – 1.019 (1.012–1.025)
Visibility 1 0.952 (1.000–1.220)
Pressure 0 1.024 (0.912–0.994)

Lower lung 
symptomsc

Date (time 
trend)

– 0.994 (0.991–0.998)

NO2 1 1.039 (1.015–1.063)
CO 3 1.137 (1.027–1.258)

Humidity 2 0.985 (0.974–0.996)
Wind speed 0 0.971 (0.949–0.993)

Heart 
symptomsc

Age – 1.011 (1.005–1.016)
NO2 0 1.024 (1.007–1.041)
CO 3 1.117 (1.018–1.224)

Symptoms Parametersa Lagged 
(Days)

Adjusted ORs  
(95% CI)b

Swelling feet SO2 3 2.416 (1.233–4.731)
Visibility 3 1.318 (1.106–1.570)

Wind speed 6 0.850 (0.761–0.949)
Skin 
symptomsc

Age – 1.006 (1.000–1.011)
SO2 3 1.205 (1.035–1.402)

Temperature 2 1.037 (1.016–1.059)
Wind speed 0 1.033 (1.017–1.049)

Eye irritationc Gender 
(male)

– 0.777 (0.652–0.925)

Age – 1.015 (1.010–1.021)
SO2 3 1.264 (1.085–1.471)
NO2 4 1.051 (1.032–1.070)

Pressure 6 1.038 (1.007–1.070)
Temperature 0 0.964 (0.941–0.987)

Red eyes Date (time 
trend)

– 0.977 (0.955–0.999)

SO2 2 2.948 (1.463–5.940)
O3 3 0.891 (0.847–0.938)

Temperature 6 1.225 (0.930–1.000)
Wind speed 3 0.879 (1.081–1.388)

Blurred vision Age – 1.035 (1.028–1.042)
SO2 2 1.210 (1.004–1.459)
O3 2 0.962 (0.947–0.977)

PM10 1 1.009 (1.004–1.014)
Relative 
humidity 

5 0.975 (0.965–0.985)

Pressure 6 1.064 (1.028–1.102)
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et al., 2007). More studies are needed, how-
ever, to fully illuminate the finding.

The strengths of this study should be 
noted: most studies worldwide have been 
performed on hospital-based patients, which 
might be underestimated due to the fact that 
the severe patients tend to go to the hospital, 
while the less severe patients (accounting for 
the majority) tend to seek a self-treatment 
(Sreeramareddy et al., 2006). In this study, 
using the survey method of collecting all 
relevant symptoms helps enhance the power 
of statistical significances as we found the 
associations of nearly all symptoms with all 
pollutants. The advantage of hospital-based 
studies, however, is that they are more con-
vincing. Nevertheless, although most of the 
symptoms in this study were not severe, 
some such as heart symptoms (tiredness 
and palpitation), swelling feet, etc., are early 
warnings of cardiovascular failure, which, if 
untreated, might become critical and require 
hospitalization. As such, air quality and 
health surveillance development should be 

focused on the methods to detect the affected 
persons as much as possible.

Some weaknesses in this study are as fol-
lows. First, as is always found in this type 
of study, the ambient pollution concentra-
tions may not adequately reflect exposures 
of individuals (Agócs, White, Ursicz, Olson, 
& Vámos, 1997; Delfino, Zeiger, Seltzer, 
Street, & McLaren, 2002) resulting in the 
misclassification of actual exposure. Second, 
as stated above, this study failed to account 
for several potential confounding factors 
such as aeroallergens (Higgins et al., 2000), 
several air pollutants, e.g., volatile organic 
compounds (Delfino, Gong, Linn, Hu, & 
Pellizzari, 2003), medication uses (Delfino 
et al., 2002; Lewis et al., 2005), indoor air 
pollutants (such as biomass cooking), pas-
sive smoking, and participants’ underlying 
diseases. Finally, because pollution levels 
also vary by day, the corresponding compari-
sons may be biased because the participants 
may also differ in important ways depending 
on what day of the week it is. 

Conclusion
The findings of this study confirm the evi-
dence that poor air quality can lead to discom-
fort. It also shows that some pollutants have 
synergistic effects to some certain symptoms. 
Finally, this study reveals that O

3
 has a nega-

tive association with some symptoms that 
needs further work to validate the results. 
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Introduction
Benzene is a known human carcinogen (e.g., 
it is classified as Group 1 by the International 
Agency for Research on Cancer), and a sub-
stantial contributor to estimated health risks 
of ambient exposures to toxic air pollutants 
(McCarthy, O’Brien, Charrier, & Hafner, 
2009). Current regulatory monitoring net-
works for hazardous air pollutants, includ-
ing benzene, use large and expensive sys-
tems that require electricity, restricting the 
location and number of measurement sites. 
This results in low spatial resolution of con-
centration data and inadequate characteriza-
tion of environmental benzene exposures, 
particularly for children; hence, a high level 
of uncertainty is present in risk assessments 
(Möller, Schuetzle, & Autrup, 1994).

Due to continued lung development, 
higher breathing rates and activity levels, 
and more time spent outdoors, children 
are more susceptible to the health effects 
of air pollution than adults (American 
Academy of Pediatrics Committee on 
Environmental Health, 2004). High con-
centrations of combustion-related pol-
lutants (including benzene) have been 
associated with higher incidences of acute 
respiratory infections in children (Romieu, 
Samet, Smith, & Bruce, 2002). Levels of a 
benzene metabolite in the urine of school-
children in Bangkok, Thailand, have been 
found to be comparable to that of adult 
street vendors who experienced higher 
ambient concentrations (Ruchirawat, 
Settachan, Navasumrit, Tuntawiroon, & 

Autrup, 2007). Toxicological support 
documents on benzene carcinogenicity for 
the U.S. Environmental Protection Agency 
(U.S. EPA, 1998) suggest that both the 
type of leukemia and susceptibility differ 
between children and adults; however, not 
enough data are available to quantify these 
differences. Higher resolution data would 
contribute to the understanding of both 
exposure and health effect differences.

To understand children’s exposures, con-
centrations of benzene are needed where 
children spend time such as parks and 
school grounds. In a review, Mejía and co-
authors (2011) found that most studies on 
air pollutant exposures at school used data 
from remote monitoring stations or disper-
sion modeling. Studies that monitored on 
school grounds often did not indicate the 
specific location of measurement. The 
pollutant focus of previous work has pri-
marily been nitrogen dioxide, ozone, sul-
fur dioxide, and particulate matter. Work 
on spatial variation of benzene in urban 
areas has investigated impacts of roadway 
traffic and the relationship between indoor 
and outdoor concentrations. Thorsson 
and Eliasson (2006) and Menezes and co-
authors (2009) included measurements of 
benzene in urban parks, in Sweden and 
Brazil, respectively; they found concentra-
tions in parks to be substantially lower than 
levels in high traffic areas. Janssen and co-
authors (2001) found decreasing outdoor 
benzene concentrations with distance from 
the motorway in a study of 24 schools in 
the Netherlands; indoor concentrations 
were higher than outdoor concentrations. 
Godoi and co-authors (2009) found mea-
sured benzene levels to be higher indoors 
than outdoors in a study of two schools in 
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Brazil. By examining the indoor-outdoor 
concentration ratio, they concluded that 
the indoor concentrations were primar-
ily due to outdoor sources. Overall, more 
measurement data is needed on the spatial 
variation in benzene concentrations within 
areas where children may be exposed.

Studies of environmental equity inves-
tigate the distribution of environmental 
exposures, risks, and effects among sub-
populations of different races or socioeco-
nomic status (Brown, 1995). In studies of 
multiple urban areas, disadvantaged groups 
have been found to disproportionately live 
in neighborhoods with high traffic density 
and poor air quality (Houston, Wu, Ong, 
& Winer, 2004; Pastor, Sadd, & Morello-
Frosch, 2002; Wheeler & Ben-Shlomo, 
2005). In the Tampa, Florida, area, stud-
ies have found that census tracts and ele-
mentary schools with higher proportions 
of African-American, Hispanic, and low-
income groups are located in areas with 
higher levels of nitrogen dioxide, air tox-
ics, and traffic counts (Chakraborty, 2009; 
Stuart, Mudhasakul, & Sriwatanapongse, 
2009; Stuart & Zeager, 2011). Using neigh-
borhood-scale (block group) census data, 
Stuart and co-authors (2009) also found 
that these same groups disproportionately 
reside further from regulatory monitors. 

In a study of southern California, Hous-
ton and co-authors (2004) concluded that 
the historic urban sprawl growth pattern 
resulted in minority and poor neighbor-
hoods located in areas with high traffic 
density and more affluent neighborhoods 
located in suburban areas. Hence, it contrib-
uted to a disproportionate burden of health 
effects on poorer populations. Additionally, 
urban sprawl is considered a less sustainable 
form of growth than compact, dense cities, 
due to increased land use and inefficiency 
of public transportation (Camagni, Gibelli, 
& Rigamonti, 2002). As cities work to man-
age growth, high-resolution monitoring can 
guide approaches for maximizing exposure 
equality and urban sustainability.

This article presents a pilot study of small-
scale variation in benzene concentrations 
over a city park and investigates impacts on 
the uncertainty of cancer risk estimates, par-
ticularly for children. We present the meth-
ods used for the sampling and analysis of 
benzene, method evaluation, and data analy-

ses. Results are then discussed on ambient 
benzene levels, their spatial variation, and 
the uncertainty in cancer risk estimates 
introduced by sampler placement.

Methods
A city park in Hillsborough County, Flor-
ida, was chosen as the field site for our pilot 
study. The park is located adjacent to an 
elementary school and shares a structured 
playground with the school. We chose 
11 sampling sites with available standing 
structures for sampler placement (a util-
ity pole or tree), with the goal of spanning 
the park with approximately equidistant 
placement. For mapping and analysis, 
location coordinates were determined using 
a Garmin GPS device (with accuracy listed 
as within 10 m). Figure 1a shows the study 
area and sampling locations. For evalua-
tion of measurement accuracy, we collo-
cated an additional sampler with the only 
benzene regulatory monitor for the county, 
operated by the Environmental Protection 
Commission of Hillsborough County; this 
site is outside the park. 

To characterize ambient benzene, we 
exposed passive diffusive samplers with 
activated charcoal sorbent for a one-week 
sampling period (April 27 to May 4, 2011) 
at the sites discussed above. A duplicate 
sampler was also exposed at site 8 for assess-
ment of measurement precision. Two field 
blank cartridges accompanied the exposed 
samplers (one during deployment and the 
other during retrieval). Each field blank 
cartridge was uncapped and immediately 
resealed at one sampling location, as speci-
fied by U.S. EPA (1999a). Upon return to 
the laboratory, cartridges were stored at 4°C. 
Each cartridge was submersed for 30 min-
utes in 2 mL of low-benzene carbon disul-
fide for extraction. One laboratory blank 
cartridge was also used for quality control 
purposes. We quantified benzene via gas 
chromatography with mass spectrometry 
using a 50 m x 0.25 mm x 0.25 µm polysi-
loxane capillary column. A 1.0-µL aliquot 
of the extracted solution was injected on 
the column at a temperature of 240°C, with 
helium as the carrier gas at a flow rate of 1.2 
mL/min. The total run time was 60 minutes 
with the following temperature program: 
start at 35°C for nine minutes, increase at 
5°C/min. to 60°C, hold at 60°C for 46 min-

utes. To quantify unknown concentrations, 
we diluted analytical standard benzene 
stock to create five calibration standards 
ranging from 0.10 to 1.75 µg/mL. We used 
daily calibration curves, with a daily control 
chart for quality control. All samples and 
calibration standards were normalized by 
the addition of 2-fluorotoluene as an inter-
nal standard. The analysis protocol was 
adapted for our specific equipment from 
the Radiello sampler manual (Fondazione 
Salvatore Maugeri, 2006), previous studies 
(Angiuli et al., 2003; Cocheo, Boaretto, & 
Sacco, 1996; Godoi et al., 2009), and estab-
lished standard methods (U.S. EPA, 1999a, 
1999b). Quality control procedures and 
metrics were adapted from U.S. EPA Com-
pendium Method TO-15 (U.S. EPA, 1999b).

We converted to concentrations in air 
by subtracting the mean blank value and 
multiplying the blank-adjusted values by 
a temperature-adjusted sampling rate and 
the exposure time recorded for each sam-
pler. We used the sampling-period aver-
age of hourly temperatures measured at 
the Tampa International Airport (National 
Weather Service KTPA station) to adjust 
the sampling rate (Fondazione Salvatore 
Maugeri, 2006). The limit of detection 
was calculated as three times the standard 
deviation of the blank values, assuming a 
one-week sampling time (10,080 minutes). 

To characterize spatial variations in ben-
zene concentrations over the study area, we 
mapped the concentration distribution in 
ArcGIS, followed by spatial interpolation 
using kriging. Summary statistics, includ-
ing the coefficient of variation (CV), were 
used to quantify variation. 

To investigate the health risks associ-
ated with the concentrations measured 
here, we estimated excess lifetime cancer 
risk from inhalation exposure by multi-
plying the exposure concentration (C

E
) by 

the inhalation unit risk for benzene. The 
exposure concentration was calculated as 
C

E 
=

 
C

a
t

E
f

E
d

E
/T 

 
(U.S. EPA, 2009), where 

C
a
 is the measured concentration of ben-

zene, t
E 

is the exposure time (hours/day), 
f
E 

is the exposure frequency (days/year), d
E
 

is the exposure duration (years), and T is 
the averaging time (hours). We chose expo-
sure parameters to represent a child who is 
exposed due to time spent at school, with 
t

E
 of 6.5 hours/day, f

E
 of 180 days/year, and 

JEH1-2.14_PRINT.indd   87 12/6/13   4:26 PM



88 Volume 76 • Number 6

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

d
E
 of 6 years (representing kindergarten 

through 5th grade) (Hillsborough County 
Public Schools, 2010, 2011). For T, we 
applied the value for excess lifetime cancer 
risk of 70 years (in units of hours) (U.S. 
EPA, 2009). The inhalation unit risk rep-
resents the upper bound excess cancer risk 
per unit of exposure concentration deter-
mined through review of human and animal 
studies. U.S. EPA lists a range of 2.2x10-6 to 
7.8x10-6 per µg/m3 (U.S. EPA, 2010), while 
the California Office of Environmental 
Health Hazard Assessment (OEHHA) lists 
a value of 2.9x10-5 per µg/m3 (OEHHA, 
2009). For this work, we estimated risks 
using the minimum and maximum of these 
values, i.e., 2.2x10-6 and 2.9x10-5. These 
were combined with the range of measured 
concentrations to estimate a range of risks. 

We also investigated the impact of sam-
pler placement (and sampling resolution) 
on the uncertainty of health risks calcu-
lated using the standard methods discussed 
above. Since actual levels vary over the area 
represented by a single sample, the choice of 
sampler location leads to uncertainty in the 
exposure concentration. When propagated 
through the risk calculation, proportional 
uncertainty in the estimated health risk 
results. Uncertainty in the inhalation unit 
risk has a similar effect. Hence, we com-
pared the range of measured concentrations 
(quantified as a relative percent difference) 
over the study area to that of the inhalation 
unit risk, in order to assess impacts of sam-
pler placement on health risk assessment. 

Results and Discussion
Measured benzene concentrations and sum-
mary statistics for the study area are shown 
in Table 1. Results are at the low end of the 
range in weekly outdoor concentrations 
(0.3–5.0 µg/m3) observed at schools in 
the Netherlands (Janssen et al., 2001) and 
weekly levels (0.3–1.4 µg/m3) for an urban 
park in Gothenburg, Sweden (Thorsson 
& Eliasson, 2006). This is consistent with 
previous work showing low concentrations 
in urban parks as compared with levels in 
high traffic areas (Upmanis, Eliasson, & 
Andersson-Skold, 2001). Overall, the val-
ues measured here are near the low end 
of the general range of benzene measured 
in U.S. studies, of approximately 1–10 µg/
m3, with peak values up to about 50 µg/m3 

(Health Effects Institute Air Toxics Review 
Panel, 2007). 

The overall range of estimated excess 
cancer risk for the range of concentrations 
measured here is from 5.7x10-9 to 1.1x10-7. 
These risks are quite low when compared 
with other studies (McCarthy et al., 2009; 
Payne-Sturges, Burke, Breysse, Diener-West, 
& Buckley, 2004; Tam & Neumann, 2004), 
which reported cancer risk due to benzene 
of greater than 10-6 at almost all sites. Here, 
we considered only the contribution to the 
lifetime cancer risk due to elementary school 
exposure, not an exposure duration of an 
entire lifetime. Further, we note that the 
concentrations here are for one week of sam-
pling and hence may not be representative of 
longer-term averages or extremes.

Evaluation results indicate a precision 
from the two collocated duplicate samplers 
of 14% (as a relative percent difference), 
which is within the recommended guide-

line of less than 25% (U.S. EPA, 1999b). A 
3% relative percent difference was found 
between the concentration measured by the 
reference regulatory monitor and that mea-
sured by a collocated passive sampler; this 
is within the precision of the passive mea-
surement (that ultimately limits the measur-
able accuracy). We note that the comparison 
is not direct, since the sampling times are 
different. The reference monitor takes 24 
hour canister samples every six days; the 
final 13 hours of one sampling period and 
the full second sampling period of the refer-
ence monitor overlapped with the sampling 
period for our study. 

The spatially interpolated concentration 
field is provided in Figure 1b. A gradient can 
be observed; the highest interpolated concen-
trations are in the northwest corner of the 
sampling area, which includes the site near 
the playground structure (site 2). The highest 
point measurement value was at site 3. The 

a)  Study Area With Sampling Locations (and Corresponding Sample IDs)

b)  Contour Plot of Interpolated Concentrations (mg/m3) (Generated 
in ArcGIS) 

The white box in a) corresponds to the area plotted in b). Sample ID 12 (not shown) was located at the site of the 
county reference monitor, outside of the study area. A duplicate sampler was located at site 8.

FIGURE 1
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location of the high area is consistent with 
emissions expected from the parking lot and 
vehicular park entrance nearby. Wind data for 
the Tampa area (at the international airport) 
do not indicate a dominant wind direction 
during the study period. Only 12% of the 
winds were from the WNW to N quadrant, 
however, which may have kept concentra-
tions low overall. It should be noted that, due 
to the precision of measurement, confidence 
in real differences is small. Overall, the coef-

ficient of variation for the sampling area was 
only 11%. Although no standard metric exists 
for quantifying spatial heterogeneity, a value 
of 20% has been used to distinguish between a 
homogeneous and heterogeneous field in pre-
vious studies of particulate matter (Blanchard 
et al., 1999; Wilson, Kingham, Pearce, & 
Sturman, 2005). The appropriateness of this 
criteria for a benzene field is unknown, but is 
explored below. 

The range of measured concentration 
values can be used to explore impacts of 
sampler placement on uncertainties in the 
estimated health risks of benzene. The 
relative percent difference between the 
maximum and minimum measured con-
centrations was 39%; this results in an 
equivalent percent difference in estimated 
excess health risks (if all other parameters 
are kept constant). As a comparison, a 
similar value (44%) can be calculated from 
the range of risks due to toxic air pollutant 
levels (driven primarily by formaldehyde 
and benzene) measured at four sites in a 
study of intra-urban differences in Pitts-
burgh (Logue, Small, Stern, Maranche, & 
Robinson, 2010). Conversely, the range 
of values for inhalation unit risk listed by 
U.S. EPA and California OEHHA is much 
larger, at 170% (as relative percent differ-
ence). (Note that this does not represent 
the full range of risks, just a range of upper 
bound risk estimates.) Hence, the uncer-
tainties associated with sampler placement 
in our study are small compared with those 
from the unit risk parameter; the variation 
in concentration over the sampling area 
would need to be much larger to have a 
similar independent effect. This suggests 
a threshold to the utility of increased spa-
tial resolution of measurement that will 
depend on the purpose for which the con-
centration measurements are used. We 
note, however, that the effect on overall 
risk uncertainty is multiplicative, so even 
small variations in concentrations could 
lead to large overall uncertainties in risk. 
Further, uncertainties in other parameters 
in the calculation are not analyzed here 
(e.g., personal activity patterns). 

Although of limited utility for risk esti-
mation at the very high resolution studied 
here, monitoring data that characterizes 
intra-urban variations may be helpful for 
epidemiological studies, development of 

better risk assessment values, and city plan-
ning. While considering the effects of mis-
classification of particulate matter exposure 
on inference from time-series mortality 
studies, Zeger and co-authors (2000) found 
that the largest bias was due to differences 
between the ambient levels measured by 
fixed-site monitors and average individual 
exposures. Spatially resolved outdoor ben-
zene concentrations may help reduce this 
bias, particularly given the association 
between indoor and outdoor concentra-
tions of benzene (Godoi et al., 2009). In 
combination with personal activity data, 
higher-resolution concentration data may 
allow better estimation of individual expo-
sures (Nuckols, Ward, & Jarup, 2004; 
Whitworth, Symanski, Lai, & Coker, 2011). 

The usefulness of additional increases in 
spatial resolution may currently be limited, 
however, by other uncertainties in risk esti-
mation and the precision of passive mea-
surements. Nonetheless, decreased misclas-
sification of exposure in health effect studies 
may in turn lower the uncertainty in health 
risk assessment parameters. This is particu-
larly important for children, as current U.S. 
EPA risk assessment methods do not dif-
ferentiate risk to children for benzene car-
cinogenicity. Jensen and co-authors (2001) 
suggest that high-resolution concentration 
data may aid city planners to build sustain-
able cities and reduce environmental ineq-
uity. For these purposes, characterization 
of concentration variations over space may 
be as important as differences in individual 
activities and exposures. 

Conclusion
Eleven sampling locations were chosen at a 
city park to investigate spatial variation in 
ambient benzene using passive samplers. 
Precision and accuracy were evaluated 
through co-location. Excess lifetime cancer 
risks were estimated, and the magnitude of 
uncertainty due to sampler placement was 
compared to the uncertainty due to inhala-
tion unit risk. The precision and accuracy 
were measured at 14% and 3%, respectively. 
The spatial variation over the park was 
found to be low (CV of 11%), with an over-
all range, as a relative percent difference, of 
39%. Comparison suggests limits to the use 
of these methods for very high resolution 
sampling, but appropriateness for study of 

Benzene Concentrations  
and Summary Statistics

Sample ID  
(or Summary Statistic)

Concentration  
(µg/m3)

1 0.33

2 0.33

3 0.34

4 0.28

5 0.31

6 0.27

7 0.29

8 0.29

8* (duplicate) 0.34

9 0.29

10 0.23

11 0.31

12 0.26

Reference monitor 0.26

Mean 0.30

Standard deviation 0.03

Range 0.23–0.34

Note. The limit of detection was 0.18 mg/m3. Sample 
ID locations are provided in Figure 1. Summary 
statistics are based on measurements from sites in 
the study area (1–11), excluding the site 8 duplicate 
value. The reference monitor value is the average 
of two 24-hr. sample values (from April 27 and 
May 3) obtained from the Environmental Protection 
Commission of Hillsborough County from every sixth 
day monitoring during the study period. Reference-
method samples were collected in 6-L stainless steel 
canisters and analyzed by gas chromatography-mass 
spectrometry, per Compendium Method TO-15 
(U.S. Environmental Protection Agency, 1999b). All 
calculations were performed using full precision in 
Excel; hence summary values cannot necessarily be 
reproduced from the concentration values reported to 
two significant digits. 

TABLE 1
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larger-scale intra-urban concentration vari-
ations of benzene in Hillsborough County. 

Compared with the range of inhalation 
unit risk of 170% (as a relative percent dif-
ference), these results indicate that one sam-
pler may be sufficient to represent the excess 
lifetime cancer risk from benzene exposure 
for the sampling area, using currently rec-
ommended methods. Further research is 
needed to characterize the spatial variation 
in benzene concentrations and risks over 
larger intra-urban scales, including neigh-
borhoods. The necessary monitoring resolu-

tion will depend on the purpose for which 
the data will be applied. High-resolution data 
may lower errors in epidemiological studies 
resulting from differences between actual 
and measured concentrations, may improve 
risk assessment parameters (particularly for 
less-characterized groups, like children), 
and may aid city design. 
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Introduction
Approximately 20% of the U.S. and 50% 
of the North Carolina households use 
septic systems for managing their sewage 
(U.S. Census Bureau, 2004, 2011). In order 
to properly treat wastewater containing an 
array of disease-causing organisms (e.g., 
Salmonella spp., E. coli) (Meschke & Sob-
sey, 1998), the soil in the treatment area 
of any septic system (known as drainfield) 
must remain aerobic and unsaturated (Paul, 
Rose, Jiang, Kellogg, & Shinn, 1995). The 
relatively nutrient-poor unsaturated soil is 
an undesirable environment for anaerobic 
bacteria in nutrient-rich septic tank efflu-

ent. Also, aerobic soil contains a large 
number of indigenous bacteria, protozoa, 
and nematodes that can prey on bacteria 
present in the wastewater. 

According to North Carolina regulations 
(North Carolina Department of Environ-
ment and Natural Resources [NCDENR], 
2007), sites for individual septic systems 
must contain an adequate area with a mini-
mum of 45 cm (18 in.) of suitable unsatu-
rated soil between the bottom of the system’s 
trenches and any unsuitable layer (based 
on soil structure, mineralogy, wetness, and 
the presence of a restrictive layer or bed-
rock) in sandy soils, and a minimum of 30 

cm (12 in.) of suitable unsaturated soil in 
coarse loamy, fine loamy, and clayey soil 
groups. The regulations regarding this 
separation distance vary among states (for 
example, Delaware Department of Natural 
Resources and Environmental Control, 
2005; Idaho Department of Environmental 
Quality, 2011; Indiana State Department of 
Health, 1990). 

The seasonal high water table (SHWT), 
identified using morphological proper-
ties with a chroma 2 or less (i.e., redoxi-
morphic features) (Vepraskas, 1992), 
or by direct monitoring, is considered a 
restrictive layer. Severson and co-authors 
(2008), however, showed that the SHWT 
may rise above the redoximorphic features 
of chroma 2 or less at certain times dur-
ing the year. The capillary fringe (CF), the 
zone immediately above the water table, is 
nearly saturated even though it is consid-
ered to be part of the vadose (unsaturated) 
zone. Misinterpretation of the redoximor-
phic features or not recognizing the pres-
ence of CF may result in an overestimation 
of the actual thickness of the unsaturated 
soil needed for the removal of microbes in 
wastewater.

The fate and transport of E. coli and 
other bacteria through soil have been stud-
ied for decades (Ausland, Stevik, Hanssen, 
Kohler, & Jenssen, 2002; Bolster & Abit, 
2012; Butler, Orlob, & McGauhey, 1954; 
Faust, 1982; Gagliardi & Karns, 2000; 
Hagedorn, McCoy, & Rahe, 1981; Jiang, 
Morgan, & Doyle, 2002; Karathanasis, 
Mueller, Boone, & Thompson, 2006; Rahe, 
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Hagedorn, McCoy, & Kling, 1978; Smith, 
Thomas, White, & Ritonga, 1985; Stiles 
& Crohurst, 1923; Tate, 1978). Despite 
these studies, evidence regarding the criti-
cal distance for treatment and removal of 
enteric bacteria in soils between the bot-
tom of the septic system trenches and the 
SHWT remains inconclusive. Caldwell 
(1937) and Caldwell and Parr (1937) rec-
ommended 150 to 200 cm of unsaturated 
soil for effectively removing all enteric bac-
teria from sewage. Cogger and co-authors 
(1988) found that 30 cm of unsaturated 
coastal plain soils of North Carolina was 
not adequate for removing bacteria, but 60 

cm may be the critical threshold for bacte-
rial treatment. 

Mathematical models have been used to 
describe transport of bacteria through 
soil (Abu-Ashour, Joy, Lee, Whiteley, & 
Zelin, 1994; Hijnen, Brouwer-Hanzens, 
Charles, & Medema, 2005; Hornberger, 
Mills, & Herman, 1992; McGechan & Vinten, 
2003). In recent years, the HYDRUS model 
(Simunek, van Genuchten, & Sejna, 2006) 
has been used to simulate water flow in the 
drainfield of septic systems (Finch, Radcliffe, 
& West, 2008; Heatwole & McCray, 2007; 
Radcliffe & West, 2009). These models 
require specific information about various 

soil properties that may be difficult to deter-
mine. To our knowledge, none of the math-
ematical models for septic systems has been 
tested under field conditions. Therefore, 
their use for designing septic systems is not 
recommended at this time. 

One of the problems for selecting an 
appropriate separation distance is related to 
water flow from the septic system trenches. 
Water flow in coarse-textured soils is 
through interparticle pores, while in well-
structured loamy and clayey soils water 
flow is mainly through macropores (root 
channels, animal borings, and interped 
faces) (Amoozegar, Niewoehner, & Lindbo, 
2008; Vepraskas, Jongmans, Hoover, & 
Bouma, 1991). Also, in areas with shallow 
groundwater CF may play an important role 
in vertical and horizontal water flow (Abit, 
Amoozegar, Vepraskas, & Niewoehner, 
2008a, 2008b; Amoozegar, Niewoehner, & 
Lindbo, 2006). In general, water flow under 
unsaturated conditions is mainly through 
small pores, which increases the contact 
with soil particles, allowing the chemical 
and microbial contaminant to be attenu-
ated more effectively through adsorption or 
physical filtration. Conversely, under satu-
rated conditions more water moves through 
the larger pores than under unsaturated 
flow conditions. As a result, pathogens can 
be transported rapidly with little attenu-
ation or filtration below the water table 
(McCoy & Hagedorn, 1979). Studies have 
also shown that bacteria are able to survive 
and move long distances in a highly con-
ductive saturated zone (Anan’ev & Demin, 
1971; Butler et al., 1954; McCoy & Hage-
dorn, 1979; Stiles & Crohurst, 1923). In 
addition, saturated conditions may kill the 
indigenous bacteria, nematodes, and proto-
zoa that eliminate the enteric bacteria from 
the septic tank effluent. 

The coastal plain region of North 
Carolina and other eastern states contains 
many coarse-textured soils with SHWT. It 
is advantageous to know what separation 
distance is adequate to eliminate pathogens 
from septic tank effluent and if microbial 
contamination can travel vertically when a 
water table falls with drainage. The goal of 
our study was to assess the fate and trans-
port of microbes present in septic tank efflu-
ent applied to a coastal plain soil with short 
transport distances to a SHWT. Specifically, 
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the objectives were as follows: 1) to evalu-
ate the depth to water table for removal of 
bacteria, and 2) to determine if microbial 
contamination moves with the fluctuating 
water table.

Materials and Methods

Soil Columns
The soil was collected from a Norfolk 
loamy sand (thermic Typic Kandiudults) 
site in the lower coastal plain region of 
North Carolina. The Norfolk soil series 
is commonly found in the southeast as 
well as other states (Virginia, North 
Carolina, South Carolina, Georgia, Flor-
ida, Alabama, and Arkansas) (see https://
soilseries.sc.egov.usda.gov/OSD_Docs/N/
NORFOLK.html). The soil material was 
air dried and passed through a 2-mm (#10) 
sieve. Seventeen columns (15.2-cm inside 
diameter), constructed of 75-cm long sec-
tions of 6-inch polyvinyl chloride (PVC) 
pipe, were packed with 18.6 kg of soil (in 
4.5-cm thick sections) to a depth of 65 
cm at an average bulk density of 1.57 g/
cm3 over a 2-cm thick layer of coarse sand 
(Figure 1). The inside walls of the columns 
were covered with a sand-silicone caulk 
mixture to prevent wall flow. Three outlets 
at the bottom connected to Tygon tubing 
regulated the water table level in each col-
umn. A 2.5-cm thick layer of coarse sand 
was placed on top of the soil to prevent 
surface scouring during wastewater appli-
cation. Three small water samplers, con-
structed of 7.5-cm long perforated Plexi-
glass tube and wrapped in cheesecloth, 
were installed at 30, 45, and 60 cm below 
the soil surface in each column (Figure 1). 
The top of the soil below the sand layer 
represented the bottom of the septic sys-
tem trench. 

The soil texture (sandy loam with 64% 
sand, 30% silt, 6% clay, and 0.3% organic 
matter) was determined by the hydrome-
ter method (Gee & Or, 2002), and the soil 
water retention was determined (Dane & 
Hopmans, 2002) using eight 7.5-cm diam-
eter, 7.5-cm long cores, packed at an aver-
age bulk density of 1.49 g/cm3. The pore 
size distribution was calculated using the 
average water content at different pressure 
heads (Figure 2). Approximately 45% of 
the pores in the columns were smaller than 

0.06 mm (60 mm) and 90% of the pores 
were smaller than 0.15 mm (150 mm). 

The columns were initially saturated 
from the bottom to prevent air entrapment 
in the soil. The columns were then drained 
and the water levels in them were regu-
lated at 30, 45, and 60 cm below the soil 
surface by adjusting the Tygon tubing out-

lets (Figure 1). Five replications were used 
for each water table treatment and two col-
umns were used as control with water table 
at 30 cm depth. Once the water table was 
established at the desired depth, the drain-
age outlets were fixed, and the columns 
were left stagnant for three weeks to form 
anaerobic conditions.

Average Soil Water Characteristic Curve (a) and Pore Size 
Distribution (b) for Repacked Norfolk Sandy Loam Soil Material

The dashed line shows the water content and soil water pressure head at 90% saturation.
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Wastewater Characteristics  
and Application
E. coli isolated from human urine (Ameri-
can Type Culture Collection [ATCC] 
#11775) was used as a proxy for E. coli in 
actual septic tank effluent because its char-
acteristics are considered to be similar to E. 
coli found in human waste, and it has been 

used as a control agent for analyzing E. coli 
in wastewater (Evenson & Strevett, 2006; 
U.S. EPA, 2010). In addition, the ATCC 
#11775 has a biosafety level of 1, indicat-
ing the elevated risk of illness only for 
individuals with a compromised immune 
system. Detailed information on this strain 
can be found at http://www.atcc.org/ATC-

CAdvancedCatalogSearch/ProductDetails/
tabid/452/Default.aspx?ATCCNum=11775
&Template=bacteria. Artificial wastewater 
(AWW), consisting of 8.5 mg/L monopotas-
sium phosphate, 21.75 mg/L dipostassium 
phosphate, 17.7 mg/L disodium phosphate, 
27.5 mg/L calcium chloride, 11 mg/L mag-
nesium sulfate, 15 mg/L sodium chloride, 
and 60 mg/L nutrient broth (Powelson & 
Mills, 2001) was used because it is more 
homogeneous, predictable, and safer to 
handle than actual septic tank effluent. This 
AWW, spiked with ATCC #11775, closely 
mimicked the survival of microbes in actual 
septic tank effluent. 

The long-term application rate (LTAR) 
for sandy loam textured soils in North Car-
olina (NCDENR, 2007) is 0.3-0.4 gal/(ft2/
day) for low-pressure pipe systems (based 
on drainfield area) and 0.6–0.8 gal/(ft2/day) 
for conventional systems (based on trench 
bottom area), which is equivalent to 0.2 
to 0.27 gal/(ft2/day) based on drainfield 
area. In our study, 200 mL of wastewater 
were applied to each column daily. Based 
on the cross-sectional area of the columns 
(182 cm2), this is equivalent to an applica-
tion rate of approximately 1.1 cm/day or 
0.27 gal/(ft2/day), which is in line with the 
LTAR used in North Carolina and perhaps 
many other states. 

Experimental Procedure
Seventeen 200-mL aliquots of AWW were 
autoclaved, and 15 of them were inocu-
lated with three to four colonies of E. coli 
each day. The inoculated aliquots were then 
incubated for 24 hours at 37°C. Each 200-
mL dose of AWW had between 9.4×104 and 
9.7×106 CFU of bacteria/100 mL, which is 
typical of actual septic tank effluent (Aus-
land et al., 2002; Prasad, Rajput, & Cho-
pra, 2006). The spread plate technique was 
used to enumerate the E. coli concentration 
in 100-µL aliquots from AWW serial dilu-
tions (10-4 to 10-6) on mFC agar plates. The 
inoculated plates were incubated in a water 
bath at 44.5°C for 24 hours before the dark 
blue colonies were counted. These plates 
also served as the source of E. coli for subse-
quent inoculation of AWW. 

Once a day for 65 days, 200 mL of inocu-
lated AWW were applied to the top of each 
of the 15 test columns, and 200 mL of steril-
ized AWW were applied to each of the two 

Concentration of E. coli Bacteria Detected at 30 cm Depth  
in Soil Columns 

After passing artificial wastewater (AWW) through 30 cm of unsaturated soil for nine days (a), and at 60 cm depth 
for 55 days after lowering the water table from 30 cm to 60 cm (b).
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control columns. The sampling port at the 
designated water table level on the side of the 
respective column was then opened to allow 
a 100-mL soil solution sample from top of the 
water table to drain freely into a dark colored 
(light-blocking) sample bottle. To maintain a 
constant depth to water table, another 100-
mL sample was removed from an outlet at the 
bottom of the column and discarded. All the 
applied wastewater infiltrated the soil after 
application, giving an average rate of 1.1 cm/
day for water flow through the unsaturated 
zone. The soil water profile above the water 
table in each column fluctuated between 
consecutive wastewater applications, but by 
maintaining a water table at a given depth the 
average rate of vertical flow and water content 
fluctuations remained relatively uniform dur-
ing our study. 

The 100-mL samples collected at the water 
table were enumerated for E. coli within 30 
minutes of collection by the Colilert proce-
dure (U.S. EPA, 1997 [U.S. EPA method# 
9223B]). This method correlates well with 
both the membrane filter and multiple tube 
fermentation procedures (Eckner, 1998; 
Edberg, Allen, & Smith 1988, 1991; Edberg, 
Allen, Smith, & Kriz, 1990). According to 
IDEXX Laboratories, the upper detection 
limit for this procedure is approximately 
2,420 CFU/100 mL. Any sample reaching 
this limit was diluted using sterilized deion-
ized water and reanalyzed. For quality con-
trol, all sets of analysis included blank and 
replicate samples.

The safe drinking water standard for total 
coliform is zero (U.S. EPA, 2011). Since 
North Carolina has no septic system regula-
tions regarding microbial concentration in 
groundwater, the primary contact level of 
200 CFU/100 mL for class C waters (water 
suitable for fishing, wildlife, secondary rec-
reation, and agriculture) was selected arbi-
trarily for comparison. 

After nine days, the E. coli concentrations 
at the water table for all five replications for 
the 30-cm separation treatment were equal 
to the inflow concentration, indicating 
a complete breakthrough. The water table 
for this treatment was then dropped to 60 
cm depth by lowering the outflow tubes 5 
cm every hour. This treatment simulated 
a falling water table, although the rate of 
the water table drop was faster than what 
occurs under natural conditions. The sec-

ond part of the experiment was continued 
to day 65 using the same procedure as pre-
viously described. 

Statistical analysis was performed with a 
nonparametric one-way Kruskal-Wallis Test 
(Hollander & Wolfe, 1973). This test makes 
no assumptions about the normality of the 
data. The overall comparisons were made 
with the NPAR1WAY procedure of SAS 
(SAS Institute, 1989, 1994). A follow-up 
procedure was used to make pairwise com-
parisons between two treatments at a time. 
The procedure that was used was a modi-
fied version of a Dunn (1964) procedure 
presented in Hollander and Wolfe (1973) 
due to the limits of the Kruskal-Wallis pro-
cedure dealing with large sample sizes.

Results and Discussion

Microbial Attenuation
Three days after the wastewater applica-
tion, the E. coli counts at the water table 

in four of the replications for the 30-cm 
water table treatment were above the 200 
CFU/100 mL (Figure 3a). Within nine 
days, microbial counts at the water table 
for all five replications (2.2 x 106 CFUs/100 
mL) were statistically on the same order of 
magnitude as the AWW inflow concentra-
tion of 3.9 x 106 CFU/100 mL (Figure 3a). 
With virtually no decrease in concentra-
tion of E. coli within 30 cm of unsaturated 
zone, this was deemed a treatment failure. 
The volume of water held against free 
drainage in the upper 30 cm of the column 
calculated using the average soil water 
characteristic curve (see Figure 2) was 
approximately 2,100 cm3. Based on this, 
the cumulative volume of water applied to 
the columns in nine days was equivalent to 
0.85 pore volume, indicating that microbes 
were transported to the water table with 
little to no retention. Also, approximately 
90% of the pores of this soil were filled 
with water at 17 cm of tension, indicating 

Concentration of E. coli Bacteria Detected at 45 cm Depth  
in Soil Columns 

After passing artificial wastewater (AWW) through 45 cm of unsaturated soil for 65 days.
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that the CF in this soil is approximately 
17 cm thick. Since CF is almost saturated, 
little microbial attenuation may take place, 
leading to rapid contamination of the top 
of the saturated zone. Overall, we can say 
with certainty that 30 cm of unsaturated 
flow above a water table is insufficient for 
microbial treatment.

A high degree of variability occurred 
overall with E. coli concentrations rang-
ing from 101 to 105 on day 65 for the 45 
cm water table treatment (Figure 4). Even 
though E. coli concentrations for three rep-
lications did not exceed the standard, the 
geometric mean of E. coli concentration was 
close to or exceeded the 200 CFU/100 mL 
during 65 days of wastewater application. 
Therefore, 45 cm of unsaturated flow in 
this soil may not be sufficient for adequate 
treatment of bacterial contamination. We 
believe this may be due to the presence of 
the CF (assumed to be 17 cm thick). Con-

sidering the CF, only 28 cm of unsaturated 
flow was present for this treatment. 

Sixty centimeters of separation may 
be the critical threshold for removal of 
enteric bacterial contamination during 65 
days of wastewater application because 
the E. coli concentration at the water table 
never reached the 200 CFU/100 mL limit 
selected as standard (Figure 5). Three of 
the five replicates never showed E. coli 
concentration, one had a maximum of 2 
CFU/100 mL, and the last one had a maxi-
mum concentration of 34 CFU/100 mL. 
Excluding the CF, 60 cm of separation 
is equivalent to approximately 43 cm of 
unsaturated flow in this soil. 

The pairwise comparison confirmed that, 
at a probability level of .05, the CFU for 
both 30- and 45-cm water table treatments 
were greater than 60 cm of separation. No 
statistically significant difference existed, 
however, between 30- and 45-cm treat-

ments, even though the numerical average 
concentration of E. coli for 30-cm treatment 
was substantially greater than the 45-cm 
separation distance. At the .075 probability 
level, all treatment comparisons were statis-
tically significant. 

Water Table Fluctuation 
As described earlier, the water table at 30 cm 
depth was lowered to 60 cm to ascertain if 
microbial contamination survives and trav-
els with the falling water table. As the water 
table receded, concentrations of E. coli at the 
water table decreased substantially, indicat-
ing that a limited number of live microbes 
move downward with the falling water table 
(Figure 3b). After lowering the water table 
to 60 cm, the average concentration of bac-
teria on day 10 was <1 CFU/100 mL for the 
five replications (Figure 6). The concentra-
tion of E. coli after day 10 increased for some 
of the replications (see Figure 3), but was 
never more than 138 CFU/100 mL. In com-
parison, the maximum E. coli concentration 
for the original 60 cm treatment remained 
below 34 CFU/100 mL as described before. 
Higher E. coli concentration at 60 cm depth 
for the water table dropping treatment was 
perhaps due to the live transport of some of 
the bacteria when the water table receded. 
Although the bacterial contamination did 
not move significantly with the falling water 
table, they may have survived long enough 
to be carried by the addition of wastewater 
on subsequent days. This finding concurs 
with Stiles and Crohurst (1923) that bacte-
rial contamination in the upper part of an 
aquifer is stranded in the unsaturated and 
CF when the water table recedes. 

The overall Kruskal-Wallis nonparamet-
ric statistical test and the pairwise compari-
son test indicated that a significant differ-
ence existed among water table treatments. 
Treatment that began with 30 cm of separa-
tion and was increased to 60 cm of separa-
tion (deeper water table) had higher CFU 
values than the treatments where water 
table remained at 60 cm of separation. 
Treatments with 45 cm of separation had 
greater values of CFU than both of these 
treatments after day 10.

The mechanisms for bacteria attenuation 
in soil include physical filtration, adsorp-
tion to soil particles, and die-off (Gannon, 
Manilal, & Alexander, 1991). In general, 

Concentration of E. coli Bacteria Detected at 60 cm Depth  
in Soil Columns 

After passing artificial wastewater (AWW) through 60 cm of unsaturated soil for 65 days.
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large-diameter pores play an important role 
in water flow under saturated or near-sat-
urated conditions (as in the CF), whereas 
water flow in the unsaturated zone is 
restricted to the smaller pores. As a result, 
in soils containing macropores (e.g., worm 
hole, root channels), or large interparticle 
pores (e.g., in sandy soils), filtration of col-
loidal particles (Kretzschmar, Robarge, & 
Amoozegar, 1994) as well as bacteria may 
be limited. In addition, under saturated or 
near-saturated conditions, little oxygen may 
be present in the soil, allowing anaerobic 
bacteria to survive. Based on data in Figure 
2, the average water content in the unsatu-
rated zone above the water table was rela-
tively high and only 15% of the pores were 
filled with air when the water table was at 30 
cm depth. This allowed rapid transport of E. 
coli, providing an undesirable environment 
for bacterial survival. When the water table 
was at 60 cm depth, almost 50% of the pores 
were filled with water, and only pores that 
were smaller than 75 mm conducted water in 
the upper 20 cm of the column. This allowed 
more filtration and die-off for bacteria.  

Conclusion
Sixty centimeters of unsaturated flow was 
most efficient at removing E. coli, while 30 
and 45 cm of unsaturated flow were inad-
equate for treating microbes. Within nine 
days, the E. coli in wastewater reached the 
water table at 30 cm below the soil sur-
face. Forty-five centimeters of unsaturated 
flow decreased the microbial counts reach-
ing the water table, but it was very close 
or exceeded the 200 CFU/100 mL standard 
during 65 days of wastewater application. 
With 60 cm of unsaturated flow, E. coli 
concentrations were reduced to an accept-
able level during the study period. Based 
on the results for individual replications of 
the treatments, we estimated that the prob-
ability of groundwater contamination to be 
100% when the separation distance above 
a water table is 30 cm or less, greater than 
40% when the distance is 45 cm, and less 
than 10% when the distance is 60 cm or 
more. In areas with SHWT, pretreatment of 
wastewater prior to distribution within the 
drainfield is a viable option for minimizing 
groundwater contamination by microbes 
present in septic system effluent (Duncan, 
Reneau, & Hagedorn, 1994). 

The results of our study show that the 
longer the distance of the unsaturated flow 
under septic system trenches, the more 
effective the soil is in removing anaero-
bic bacteria from wastewater. Dropping 
the water table depth, which increases the 
length of unsaturated flow path, increases 
the efficacy of the soil to treat AWW for 
bacterial contamination. In our study, how-
ever, E. coli concentrations after dropping 
the water table from 30 to 60 cm were still 
greater than the concentrations of E. coli 
detected at the water table in the treatment 
with 60 cm of continuous unsaturated con-
dition for the duration of the experiment. 
This may be a result of the previously satu-
rated soil acting as a source of contamina-
tion. Also, indigenous aerobic bacteria may 
have been eliminated by the saturated and 
anaerobic conditions when the water table 
was high, making the soil ineffective in 
removing the incoming bacteria. Overall, it 
does not appear that a significant amount 

of microbial contamination travels with the 
descending water table. 
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Although most of the information presented 
in the Journal refers to situations within the 
United States, environmental health and 
protection know no boundaries. The Journal 
periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
Diarrheal diseases are among the lead-
ing causes of childhood illness and death 
in developing countries, killing an esti-
mated 1.3 million children less than five 
years of age annually (Black et al., 2010). 

The World Health Organization outlines 
several aspects critical to the prevention 
of diarrhea. They include improved drink-
ing water systems and sanitation facilities, 
improved nutrition (through breast-feeding 
and better weaning practices), and good 

personal and domestic hygiene, among oth-
ers (United Nations Children’s Fund/World 
Health Organization [WHO], 2009). Several 
studies have demonstrated a high prevalence 
of bacterial contamination of water and foods 
within households (Black et al., 1989; Lanata, 
2003; Wright et al., 2004), which is likely 
associated with incidence of infections in sus-
ceptible individuals, especially children. 

A need exists for effective interventions in 
developing countries that can minimize food 
and water contamination at the household 

level and therefore reduce the rate of diar-
rhea in these environments (Hunter, 2009; 
Lanata, 2003). By measuring risky practices 
and behaviors and identifying kitchen sites, 
niches, and surfaces that harbor pathogenic 
microorganisms, we can provide a basis 
from which to develop effective interven-
tions. The aim of our study was to identify 
those potential exposures at the household 
level, specifically those associated with con-
tamination of food, drinking water, kitchen 
utensils and surfaces, and caregivers’ and 
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were analyzed for total coliforms and E. coli counts using Petrifilm EC. 

Thermotolerant coliforms in water were measured using DelAgua test 

kits while diarrheagenic E. coli was identified using polymerase chain 

reaction methods (PCR). Thermotolerant coliforms were found in 48% of 

all water samples. E. coli was found on 23% of hands, 16% of utensils, and 

4% of meals. Kitchen cloths were the item most frequently contaminated 

with total coliforms (89%) and E. coli (42%).  Diarrheagenic E. coli was 

found in 33% of drinking water, 27% of meals, and on 23% of kitchen 

utensils. These findings indicate a need to develop hygiene interventions 
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children’s hands. Our study was conducted 
to inform a subsequent randomized trial that 
evaluated the health effects of an integrated 
home-based intervention package in a rural 
area of Peru. In addition, we tested for the 
presence of diarrheagenic E. coli (Nataro & 
Kaper, 1998) as an indicator of pathogenic 
E. coli in this setting.

Materials and Methods

Study Site
Our study was conducted in rural commu-
nities of San Marcos Province, Cajamarca, 
situated at 2,200 to 3,900 m above sea 
level in the highlands of Peru. Daily tem-
peratures ranged from 7.6ºC–25.0ºC dur-
ing the study period and relative humidity 
was between 59% and 73%. Agriculture and 
subsistence farming are the major economic 
activities in this area. Houses are mud brick 
structures with clay tile roofs supported 
by tree rods, earthen floors, and few open 
windows. A typical house consists of three 
rooms: a kitchen and dining room, a liv-
ing and sleeping room, and a storage area. 
Water supply for about 61% of rural homes 
in San Marcos comes from a piped gravity 
system that transports untreated water cap-
tured from springs through individual or 
small-scale collective plastic piping to a tap 
in the courtyard. Only 9% of households 
have electricity, 2% have a closed sewage 
system, and 75% have access to a pit latrine 
(Instituto Nacional de Estadística e Infor-
mática, 2007). 

Meals are based mainly on potatoes and 
other tubers and legumes, eaten with rice 
or boiled in a soup or a stew. Red meat and 
chicken are seldom consumed due to their 
high cost. Animals like dogs, guinea pigs, 
and chickens roam free in kitchens and 
households. The latter two are bred at home 
for sale or reserved for festive meals. Meals 
are prepared three to four times a day and 
eaten by adults and children alike. Leftover 
food is not consumed but discarded or fed 
to the animals. No time is set at which to 
start cooking the midday meal. Mothers 
start cooking anywhere from 8:00 a.m. to 
12:00 p.m. and keep the food on the fire 
until lunch. Meals are served directly from 
pots to plates using wooden ladles. Kitchen 
utensils are washed with water brought 
from an outside faucet in a plastic basin, 

and a malla, a local kitchen cloth, also is 
used to clean dirty surfaces and caregivers’ 
hands while cooking. The malla is kept wet 
after rinsing in the same washing up water, 
which is not changed very often. 

Most households have access to tap water 
from a faucet installed in the yard. The 
gravity-based piped water supply system 
provides spring water to each household. 
The water is unfiltered, untreated, and 
chlorination is uncommon. Drinking water 
is either consumed directly from the faucet 
or boiled with herbs for children’s consump-
tion only. Hygiene practices include hand 
washing with water only; soap and detergent 
are rarely used.

Study Design
Households were identified in 32 commu-
nities based on home visits and enrolled by 
a trained field worker between April and 
September 2008 if they had a child aged 6 
to 35 months. Field workers visited each 
participating household (N = 64) once, 
mostly at noon, to sample food, water, and 
kitchen environments. 

Sample Collection
In each household approximately 20 g of 
each food served to the child was collected. 
If the child had already eaten, samples were 
taken from the pot. Between 50 and 100 
mL of the child’s drinking water and one 
sample from each of the available kitchen 
utensils (i.e., dish, cup, pot, cutlery, cut-
ting board, and kitchen cloth) were also 
collected. For both the child and the care-
giver, one hand was rinsed in buffer solu-
tion for microbiological testing. Samples 
were collected following standard proce-
dures (Swanson, Busta, Peterson, & John-
son, 1992; WHO, 1997). 

For kitchen surfaces, a 10 x 10 cm area 
of the cutting board or table and the sur-
face of the utensil that was in contact with 
the child’s food or drink was wiped using 
a cotton swab moistened with Butterfield’s 
phosphate buffer (BPB) and then placed into 
a tube containing 10 mL of BPB. Kitchen 
cloths were collected in a new resealable 
plastic bag and a 10-cm2 portion was cut and 
placed in a sterile plastic bag filled with 100 
mL of BPB. To obtain samples from hands, 
caregivers and children placed one hand into 
a sterile plastic bag filled with 100 mL of 

BPB. The hand was massaged for 60 seconds, 
with emphasis on rubbing between fingers, 
around the fingernails, and the palm of the 
hand. All samples were kept in a Styrofoam 
box with cold packs for transport to the proj-
ect laboratory in San Marcos City and stored 
at 8ºC until processing the same day. 

Sample Analyses
Food, utensils, and hand samples were 
analyzed for total coliforms and E. coli 
using Petrifilm E. coli/coliform count 
plates, following standard procedures 
(Association of Analytical Communities 
[AOAC], 2000). A 1-mL aliquot of 10-fold 
dilutions was plated onto a Petrifilm EC 
plate. The plates were incubated at 35ºC 
± 1ºC for 24 hours ± 2 hours to enumer-
ate total coliforms and 48 hours ± 2 hours 
to enumerate E. coli. Water samples were 
analyzed for thermotolerant (fecal) 
coliforms using a membrane-filtration 
method, i.e., the Oxfam DelAgua water 
testing kit, and results were recorded as E. 
coli (CFU/100mL of water), an indicator 
for thermotolerant coliforms. 

Colony counts were recorded by the on-
duty lab microbiologist. Cultures were reread 
by a second microbiologist. Digital pictures 
taken from each sample were read by a third 
microbiologist to decide on a final result in 
case of discrepancies (more than 10% differ-
ence) between the first two counts. 

For the detection of diarrheagenic E. coli, 
five colonies per sample were saved in pep-
tone media vials for further characterization. 
From the Petrifilm EC plate, priority was 
given to typical E. coli-like colonies (blue 
colonies with gas) (AOAC, 2000); however, 
other coliforms were saved if less than five 
typical E. coli-like colonies were present. The 
peptone media vials were transported to the 
Enteric Diseases and Nutrition Laboratory 
at the Tropical Medicine Institute, Cayetano 
Heredia University, Lima, for analysis using 
a real-time polymerase chain reaction (PCR) 
multiplex system (Guion, Ochoa, Walker, 
Barletta, & Cleary, 2008), which detects viru-
lence genes of enterotoxigenic E. coli (ETEC), 
enteroinvasive E. coli (EIEC), enteropatho-
genic E. coli (EPEC), Shiga-toxin–produc-
ing E. coli (STEC), enteroaggregative E. coli 
(EAEC) and diffuse-adherent E. coli (DAEC). 
The multiplex PCR was done in a five-colony 
pool per sample (Barletta et al., 2009). 

1 table
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Data Analysis
Geometric means of the colony counts 
(total coliforms and E. coli) for each type of 
sample were calculated. A value of 0.5 was 
assigned to all samples with zero colony 
counts to allow for calculations. Propor-
tional differences were analyzed by Chi-
square tests with Yates’s correction or by 
two-tailed Fisher’s exact test using Epi Info 
version 6 statistical package.

Results
A total of 275 samples (134 from kitchen 
utensils, 77 from children’s meals, 43 from 

hands, and 21 from children’s drinking 
water) from 64 households were analyzed. 
The frequency of contamination with total 
coliforms and E. coli by type of sample is 
presented in Table 1. Total coliforms were 
significantly more present on hands (65%) 
and on kitchen utensils (58%) than in chil-
dren’s meals (19%); p < .01. Kitchen cloths 
(89%, 17/19) and caregivers’ hands (76%, 
17/19) were the individual samples most 
frequently contaminated with total coli-
forms. The frequency of E. coli in drinking 
water (48%) was significantly higher than 
that of kitchen utensils (16%, p = .002) and 

children’s meals (4%, p < .0001). No statisti-
cal difference was observed, however, when 
comparing drinking water and all hands (p 
= .09). Kitchen cloths were most frequently 
contaminated with E. coli (42%), with a 
geometric mean of 1.2 x 104 CFU/100 cm2. 

A total of 108 samples were tested for 
diarrheagenic E. coli. DAEC was the most 
frequent type identified (9/108), followed by 
ETEC (8/108), EIEC (4/108), STEC (3/108), 
and EAEC (1/108). Overall, at least one type 
of diarrheagenic E coli was detected in 20% 
of all tested samples, including in 33% (2/6) 
of children’s drinking water, 27% (3/11) of 

Total Coliforms and E. coli in Food, Water, Utensils, and Hands From Rural Households of Peru

Sample Type Total Coliforms E. coli

% (n/N) Geometric Mean Ranges % (n/N) Geometric Mean Ranges

Child meals CFU/g CFU/g CFU/g CFU/g
Salad 67 (2/3) 4.4 x 10 102 0 (0/3) 0
Dairy 44 (4/9) 8.1 x 10 102–109 22 (2/9) 4.2 100–107

Tuber cooked/fried 21 (3/14) 1.6 101–102 0 (0/14) 0
Rice 18 (2/11) 1.2 101–102 0 (0/11) 0
Soup 17 (2/12) 1.7 102–103 8 (1/12) 1.0 103

Toasted bread 11 (1/9) 0.8 101 0 (0/9) 0
Oat 9 (1/11) 1.4 104 0 (0/11) 0
Stew 0 (0/8) 0 0 (0/8) 0
All child meals 19 (15/77) 0–109 4 (3/77) 0 –107

Drinking water N/A N/A N/A 48 (10/21) 2.6* 100 –102*

Kitchen utensils CFU/utensil† CFU/utensil† CFU/utensil† CFU/utensil†
Kitchen cloth 89 (17/19) 1.2 x 104‡ 100–107‡ 42 (8/19) 1.2 x 10‡ 100–105‡
Washing basin 70 (7/10) 2.1 x 10 101–103 10 (1/10) 1.0 102

Water jar 69 (9/13) 1.3 x 102 101–109 15 (2/13) 1.2 101–102

Pot 64 (7/11) 6.3 x 102 101–109 18 (2/11) 1.4 100–103

Spoon 64 (9/14) 2.9 x 10 101–103 21 (3/14) 1.3 101–102

Dish 58 (7/12) 1.2 x 102 101–109 8 (1/12) 0.6 101

Cup 50 (6/12) 2.5 x 10 100–107 8 (1/12) 0.5 100

Bottle’s nipple 45 (5/11) 2.4 x 10 101–109 9 (1/11) 1.1 103

Cutting board 43 (6/14) 2.0 x 10‡ 100–105 14 (2/14) 0.8‡ 100‡
Ladle 28 (5/18) 2.2 101–103 6 (1/18) 0.6 101

All kitchen utensils 58 (78/13) 100–109 16 (22/134) 100–105

Hands CFU/hands CFU/hands CFU/hands CFU/hands
Caregiver 76 (16/21) 2.8 x 102 101–105 29 (6/21) 4.8 101–104

Child 55 (12/22) 2.2 x 10 101–104 18 (4/22) 1.4 101–103

All hands 65 (28/43) 101–105 23 (10/43) 101–104

*Thermotolerant (fecal) coliform CFU/100 mL. 
†Area of utensil in contact with food/drink. 
‡CFU/100 cm2.

TABLE 1
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children’s meals, 23% (14/60) of kitchen 
utensils, and 10% (3/31) of hands. 

Discussion 
Our study describes the high frequency 
of microbiological contamination of water 
and food consumed by children in parts 
of rural Peru, and indicates an impor-
tant potential cause of diarrhea. A high 
percentage (48%) of the water consumed 
by children was often boiled with herbs 
and subsequently kept in jars or pots, 
but contained thermotolerant coliforms. 
Dairy products and boiled soups also 
had remarkably high E. coli counts (up to 
107 CFU/mL in dairy). The source of these 
contaminants likely originates from con-
taminated kitchen utensils including plates, 
spoons, pots, or jars, as well as mallas, the 
local kitchen cloths. Children’s and caregiv-
ers’ hands were also contaminated with E. 
coli due to poor hygiene practices. 

Our study had some limitations. Sampling 
was conducted during the dry season (April to 
September), and not during the rainy season 
(December through March). Hence, seasonal 
variations in water and food contamination 
were not captured. Study conditions allowed 
for only a small number of convenience sam-
ples from each type of food or kitchen utensil, 
which is sufficient for descriptive purposes, 
but limited for giving precise estimates. Sam-
pling centered on the midday meal for logisti-
cal reasons. It is possible that meals prepared 
in the early morning or in the evening may 
have had different levels of contamination, 
influenced by cooler temperatures at those 
times. Future studies would need to sample 
children’s meals over a 24-hour period and 
ideally, repeatedly, in order to fully describe 
the level and variability of food contamination 
in these households. Study conditions did not 
allow for serial sample collection before and 
after food preparation and at the time of serv-
ing to children, which would have allowed us 
to identify the critical control points to mini-
mize or eliminate the risk of contamination 
in a hazard analysis and critical control point 
system (Bryan, 1981).  

Few studies (Adachi, Mathewson, Jiang, 
Ericsson, & DuPont, 2002; Vigil et al., 2009) 
have attempted to identify diarrheagenic E. 
coli—the strains of E. coli—in environmen-
tal samples (food, water, and utensils), using 
molecular and specific PCR methods. We 

tested for these groups of pathogens by PCR, 
based on a presumptive identification of E. 
coli-like colonies and coliforms. We found 
only a small number of colonies with diar-
rheagenic E. coli strains. It is unclear whether 
the lower isolation rates found are real or are 
due to low sensitivity in our selection of E. 
coli-like colonies. These results suggest that 
risk estimates based on total coliform or E. 
coli counts overestimated the true risk of 
diarrheal diseases from food and water due 
to pathogenic E. coli.

Despite these limitations, the results of our 
study are comparable to others from develop-
ing country settings, where weaning food and 
water in households were frequently found to 
be contaminated with fecal matter (Clasen et 
al., 2003; Kung’u et al., 2009; Rufener, Mäu-
sezahl, Mosler, & Weingartner, 2010). In a 
study conducted in peri-urban Lima, Peru 
(Black et al., 1989), weaning food was found 
to be contaminated with Salmonella spp., 
Vibrio cholerae non-O1, and ETEC originat-
ing from secondary contamination of kitchen 
utensils after food preparation. Foodborne 
illnesses are associated with food preparation 
too far in advance of consumption (allowing 
growth of pathogens present in the food to 
levels exceeding the minimal infectious dose), 
improper cooling, and inadequate reheating 
(Lanata, 2003). In our study communities, 
food stuffs and leftovers were not stored for 
second servings, since cooking was done three 
to four times per day; however, food samples 
collected at eating time directly after cooking 
were found to be contaminated. This could be 
explained by the high frequency of contami-
nation found on kitchen surfaces and utensils, 
most likely due to the washing up process: 
washing up in a plastic basin with untreated 
and unchanged water leaves food residuals 
behind as a source for bacterial growth. Other 
studies have shown how common cross con-
tamination is in the kitchen through contami-
nated water used to clean dishes (Beumer & 
Kusumaningrum, 2003). 

Our study indicates that kitchen cloths 
may present a significant yet underrecognized 
source of contamination of kitchen utensils, 
since cloths are used all over the kitchen 
to wipe dirty surfaces as well as hands and 
remain wet after rinsing in the same washing-
up water. In other settings, kitchen cloths 
were identified as vehicles for pathogens that 
were able to survive for extended periods of 

time (Kusumaningrum, van Putten, Rom-
bouts, & Beumer, 2002; Mattick et al., 2003). 
Food safety interventions in these communi-
ties should focus on kitchen hygiene prac-
tices, hand washing, safe food preparation, 
and safe handling of cooked food. 

Conclusion
The prevalence of fecal contamination of 
food and drinking water given to children 
highlights the need for improving domestic 
hygienic practices, like hand washing and 
cleaning kitchen utensils, to prevent diarrheal 
diseases transmitted through the fecal-oral 
route. Effective interventions to reduce con-
tamination of the kitchen environment should 
be developed. Further studies are needed 
on the correlation between diarrheagenic E 
coli identification as detected by PCR and 
the traditional culture method for detecting 
fecal coliforms in food and water. In a related 
study, we will evaluate the impact on the rate 
of diarrheal diseases in young children of an 
intervention designed to improve water avail-
ability in the kitchen environment through 
kitchen sink installation, using point-of-use 
water disinfection by solar exposure. Further 
effects of promoting hand washing with soap 
or detergent and improving hygiene practices 
in the kitchen will also be studied. 
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Although most of the information presented 
in the Journal refers to situations within the 
United States, environmental health and 
protection know no boundaries. The Journal 
periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
Soil-transmitted helminths are known 
worldwide as a public health hazard, par-
ticularly in developing countries. The 
World Health Organization (WHO, 2002) 

estimated that more than one billion of 
the world’s population are chronically 
infected with soil-transmitted helminths 
and another two billion are at risk (Saka, 
Abdulraheem, Akanbi, & Musa, 2006). Soil 

polluted with fecal material is instrumental 
in the transmission of soil-transmitted hel-
minths (Baig, Rana, Zaki, & Khan, 2007; 
Ulukanligil, Seyrek, Aslan, Ozbilge, & Atay, 
2001). Soil pollution and soil-transmitted 
helminths are facilitated where poor peri-
domestic/environmental sanitation and 
personal hygiene, poverty, and low levels 
of education exist, among other factors 
(Egwunyenga & Ataikiru, 2005; Ozumba, 
Ozumba, & Anya, 2005; Saka et al., 2006; 
United Nations Development Programme 
[UNDP], 2006). These conditions are com-
monplace in slums and squatter settle-
ments as well as in poorly planned urban 
areas in both developed and developing 
countries. According to the United Nations 
Development Programme report (UNDP, 
2006), some 1.1 billion people in devel-
oping countries have inadequate access to 
water and another 2.6 billion lack basic 
sanitary facilities. Close to half of all people 
in developing countries suffer at any given 
time from a health problem caused by water 
and sanitation deficits. 

Yenagoa, the capital city of Bayelsa State 
in the Niger Delta, lies between latitude 
4º50´ and 5º05´ N and longitude 6º15´ and 
6º30´ E. It is within the freshwater swamp 
forest ecozone (Capital City Development 
Authority [CCDA], 2007) and experiences 
equatorial climatic conditions. Rainfall 

Abst ract  In order to assess the prevalence of nonzoonotic 

soil-transmitted helminths in the Yenagoa Metropolis, 480 soil samples 

were collected from five communities for 12 months. The soil samples 

were collected along two transects from the waterfront and community 

playgrounds. Analysis was by standard methods. The results obtained 

from the study described in this article showed that 44.79% (95% 

confidence interval [CI] = 40.34%–49.24%) of the soil samples tested 

positive for nonzoonotic soil-transmitted helminths. Ascaris lumbricoides 

was the most common helminth with a prevalence rate of 35% (95% CI 

= 30.73%–39.27%). Mixed occurrence of nonzoonotic soil-transmitted 

helminths was 10.21%. Although the community playgrounds had a higher 

prevalence of nonzoonotic soil-transmitted helminths than the waterfront 

(p > .05), more cases of mixed occurrence of nonzoonotic soil-transmitted 

helminths occurred in the waterfront than the community playgrounds (p 

> .05). The wet season had a higher prevalence rate of nonzoonotic soil-

transmitted helminths than the dry season (p < .05). The observed high 

prevalence of nonzoonotic soil-transmitted helminths in soil is considered 

a potential public health risk to swimmers and children playing outdoors 

in the Yenagoa metropolis.
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is usually about 2,000–4,000 mm per year 
and relative humidity varies from 65% in the 
dry season to 80% in the wet season (Oye-
gun, 1999). The average daily temperature 
of the area is about 29ºC. The prevalence 
rate of human intestinal soil-transmitted 
helminths in primary school pupils has been 
reported to be 54.24% (Bariweni, Ekweozor, 
& Bassey, 2009).

Yenagoa, like other urban centers in 
developing countries, is characterized by 
high levels of unemployment, shortage of 
housing, and poor management of waste. 
Many houses were built without regard to 
minimum building codes or standards prior 
to its state capital status. Because of pov-
erty and low levels of environmental aware-
ness, many of the residents dispose of their 
bodily wastes and other domestic wastes 
directly into the creeks (Bariweni, Izonfuo, 
& Amadi, 2002). Thus the greatest problem 
with housing in the city is the lack or inade-

quate provision of toilet facilities and pota-
ble water. The Yenagoa Master Plan (Bayelsa 
State of Nigeria, 2004) reported that 20.6% 
of the houses in the city had no toilets. It is 
therefore a usual practice for fecal wastes to 
be thrown into the nearby bushes or river. 
Such practices are known to result in very 
poor sanitary conditions. 

Another basic problem in the city is the 
high water table, which is almost at the 
land surface at the peak of the rainy sea-
son. About 70% of Bayelsa State is usually 
flooded during the rainy season (CCDA, 
2007), therefore many of the built-up areas 
can be better described as back swamps. In 
the worst areas, the septic tanks of many 
buildings often become inundated with 
groundwater, causing fecal waste to over-
flow to the land surface at the peak of the 
rainy season. Special sanitation problems 
then arise after heavy rain when runoff 
water spreads animal wastes, street debris, 

town chemicals, and other fecal wastes 
since no drainages exist to channel water 
to appropriate destinations. The poor sani-
tary conditions combined with the prevail-
ing climate favor the survival of parasitic 
organisms such as the nonzoonotic (human 
intestinal) soil-transmitted helminths. Our 
study was therefore carried out to assess the 
prevalence of soil-transmitted helminths in 
soils and the potential health risks to the 
human population in Yenagoa.

Methods
In order to assess the distribution and prev-
alence of nonzoonotic soil-transmitted hel-
minths in Yenagoa, 480 soil samples were 
collected from five communities: Ovom, 
Onopa, Kpansia, Biogbolo, and Agudama-
Epie. Forty soil samples were collected ran-
domly with a hand auger from the upper-
most layers (0–15 cm) of soils monthly for 
12 months from five communities in the 
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Yenagoa Metropolis. Eight soil samples each 
(four from the community playgrounds and 
four from the waterfront) were collected 
along two transects from the five communi-
ties, labeled, and immediately transported 
to the laboratory for microscopic analyses. 
All soil samples were analyzed by the flota-
tion technique (Zenner, Gounel, & Chauve, 
2002) using zinc sulfate solution (density 
1.18–2.00) as the flotation medium. Results 
were reported as proportions (in percent-
ages) of the samples that were found posi-
tive for soil-transmitted helminths and con-
fidence intervals determined. Proportions 
were also assessed for significance by the 
z-test for proportions (Bluman, 2004) and 
p-values <.05 were regarded as significant.

Results and Discussion
Results from the study (Figure 1) 
showed that 44.79% (95% confidence 
interval [CI] = 40.34%–49.24%) of the 

soil samples tested positive for nonzoo-
notic soil-transmitted helminths. This 
ranged from a prevalence rate of 36.46% 
in Agudama-Epie to 52.08% in Kpansia. 
The observed prevalence rate in the vari-
ous communities was not significantly 
different from the prevalence level of 
44.79% for the entire Yenagoa Metropo-
lis (p > .05) except in Kpansia and Ovom 
(Figure 1). Ascaris lumbricoides was the 
most common helminth with a prevalence 
of 35% (95% CI = 30.73%–39.27%). This 
was followed by hookworm (19.79%; 95% 
CI = 16.23%–23.35%), Enterobius vermic-
ularis (2.5%; 95% CI = 2.11%–2.89%), 
and Trichuris trichiura (1.67%; 95% CI = 
1.34%–2%). The fact that A. lumbricoides 
was the most common is not surprising. 
Although hookworm is the most depen-
dent on soil (Alexander & Strete, 2001), 
A. lumbricoides is the most prodigious in 
terms of egg production and most resis-

tant to environmental stress (Schmidt 
& Roberts, 2000) among the helminths 
identified in our study. A. lumbricoides 
was also the most common helminth 
(35.25%) in stool samples collected from 
primary school children in Yenagoa (Bari-
weni et al., 2009). 

The mean occurrence rate of soil-trans-
mitted helminths in the soil samples was 
32.5% (95% CI = 28.31%–36.69%) for a 
single helminth and 13.96% (95% CI = 
7.5%–12.92%) for more than one helminth. 
These results are at variance with the find-
ings of Ulukanligil and co-authors (2001) 
in which a higher prevalence of multiple 
occurrences was present than single occur-
rences of soil-transmitted helminths. Hook-
worm, which is usually transmitted where 
people walk barefooted because of its mode 
of transmission by skin penetration (Rot-
tier & Ince, 2007), was highest in Onopa 
(26.04%) and closely followed by Kpansia 
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(25%). The prevalence of multiple occur-
rences of soil-transmitted helminths in 
soil samples ranged from 6.25% in Ovom 
to 25% in Kpansia for multiple helminths. 
The observed levels of soil-transmitted hel-
minths in the soil samples were found to be 
lower than the 84.4% levels found in soils 
in Sanliurfa, Turkey (Ulukanligil et al., 
2001). The prevalence rate observed in 
the soil samples was also lower than the 
prevalence rate in primary school chil-
dren (54.24%) in Yenagoa (Bariweni et al., 
2009) but this was not significant (p > .05).

With respect to the distribution of non-
zoonotic soil-transmitted helminths in 
the waterfront and community play-
grounds in Yenagoa Metropolis (Figure 2), 
results showed that the mean prevalence 
of nonzoonotic soil-transmitted helminths 
was 34.17% in the waterfront and 35.42% 
in the community playgrounds. This ranged 
from 31.25% in Onopa to 56.25% in Ovom 

in the waterfront and from 25% in Ovom to 
60.42% in Onopa in the community play-
grounds. The trend observed was found to 
be similar to the findings of Ulukanligil 
and co-authors (2001) in which the com-
munity playground had a higher preva-
lence (76.6%) than the river bank (70%). 

Although the community playgrounds 
had a higher mean prevalence of soil-trans-
mitted helminths than the waterfront (p 
> .05), all the soil-transmitted helminths 
identified in our study showed higher 
prevalence in the waterfront than the com-
munity playgrounds except A. lumbricoides, 
which had a higher prevalence in the com-
munity playgrounds than the waterfront (p 
> .05). The waterfront also had more cases 
of multiple occurrences of soil-transmitted 
helminths than the community playgrounds 
(p > .05). This may be explained by the fact 
that the waterfront was wetter and therefore 
provided a more favorable environmental 

condition for the helminth eggs to survive 
than the community playgrounds, which 
were drier. T. trichiura, which is the least 
prevalent helminth, was not found in any 
of the community playgrounds. This statis-
tic compared well with the findings of Ulu-
kanligil and co-authors (2001) in which T. 
trichiura was also not found in the soils. T. 
trichiura eggs are less resistant to environ-
mental stress such as drying or direct expo-
sure to sunlight (Klass, 1987), which to a 
reasonable extent explains their absence in 
the soils of the community playgrounds.

Results regarding the seasonal distribu-
tion of nonzoonotic soil-transmitted hel-
minths in Yenagoa Metropolis (Figure 3) 
showed that the prevalence of soil-trans-
mitted helminths ranged from 47.92% in 
Onopa to 58.33% in Biogbolo during the 
wet season (May to October), and from 
20.83% in Agudama-Epie to 47.92% in 
Kpansia during the dry season (November 
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to April). The wet season generally had a 
higher mean prevalence of soil-transmitted 
helminths (53.33%) than the dry season 
(36.25%) (p < .05). A cursory look at the 
results also revealed that all the soil-trans-
mitted helminths identified in our study 
had a higher distribution in the wet season 
than the dry season (p > .05), except E. ver-
micularis for which no difference existed 
between the wet and dry season (p < .05). A 
higher prevalence of multiple occurrences 
of soil-transmitted helminths also occurred 
in the wet season than the dry season (p > 
.05). This can be explained by the fact that 
the wet season provided a more favorable 
environmental condition in addition to the 
effect of runoff water, which enhanced the 
spread of ova of helminths during the rainy 
season compared to the dry season.

Conclusion
It may be concluded that the high preva-
lence of soil-transmitted helminths in soil in 
Yenagoa Metropolis is a high potential health 
risk to the population, especially children 
who play in the community playgrounds 
and to swimmers and tourists who use the 
waterfront for recreation. Furthermore, it 
may be concluded that the risk of helmin-
thic infection is generally higher in the rainy 
season than in the dry season. According to 
the World Health Organization (2002), chil-
dren are especially at risk due to their direct 
exposure to soil and other helminth-carrying 
material. The high prevalence of soil-trans-
mitted helminths in soil may be responsible 
for the heavy worm burden (54.24%) found 
in primary school children in the city (Bari-
weni et al., 2009). Another cause for concern 

is the prolonged existence of soil-transmit-
ted helminths, especially A. lumbricoides in 
the environment. As stated by Schmidt and 
Roberts (2000), because of the longevity of 
A. lumbricoides, it is impossible to prevent 
reinfection when the peridomestic environ-
ments have been liberally seeded with eggs, 
even when proper sanitation habits are ini-
tiated later. The cycle of infection and rein-
fection may therefore continue to remain a 
public health concern for a long time. 
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Although most of the information presented 
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diverse issues of interest to all our readers, 
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Introduction
Though 70% of the earth’s geographical area 
is covered by water, only 1% of it is potable; 
the rest is unsafe for consumption. Lack of 

investment, growing water demand, over-
exploitation of existing sources, pollu-
tion, and maintenance problems make the 
supply of potable water in developing coun-

tries extremely difficult to obtain. The avail-
ability of an adequate supply of safe water is 
fundamental to the development process in 
all sectors with benefits such as improved 
labor productivity (Gadgil, 1998). The 
microbial quality of many drinking water 
sources in India, both groundwater and 
surface water, is affected by human activi-
ties (Pushpangadan, 2003) and it is reported 
that nearly 44 million people in India are 
directly affected by water quality problems, 
either due to bacteriological or chemical 
pollution (Nigam, Gujja, Bandyopadhyay, & 
Talbot, 1998).

Due to decreasing supply and the ubiqui-
tous contamination of surface and ground-
water resources by microbial and chemical 
contaminants, rainwater harvesting has 
become more relevant now in areas that 
enjoy high rainfall. Rainwater harvesting 
can provide a renewable supply of natural, 
soft, clear, and odorless water that could 
be used for a range of purposes and could 
represent the primary source of house-
hold water in some areas. Governmental 
agencies across the world are now intro-
ducing policies to promote increased use 
of rainwater. In India, awareness is growing 

Y. Jesmi, MPhil 
School of Environmental Sciences 

Mahatma Gandhi University

K.M. Mujeeb Rahiman, PhD 
A.A.M. Hatha, PhD 

Lal Deepu, MSc 
School of Marine Sciences 

Cochin University of Science  
and Technology

S. Jyothi, MSc 
School of Environmental Sciences 

Mahatma Gandhi University

Abst ract  Water quality of rooftop-collected rainwater is an 

issue of increased interest particularly in developing countries where the 
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chemical parameters of 25 samples of rooftop-harvested rainwater stored in 

ferrocement tanks were analyzed in the study described in this article. Except 

for the pH and lower dissolved oxygen levels, all other physicochemical 

parameters were within World Health Organization guidelines. 

Bacteriological results revealed that the rooftop-harvested rainwater stored 

in tanks does not often meet the bacteriological quality standards prescribed 
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of the potential of rainwater harvesting to 
meet the demand of safe water throughout 
the country, especially in rural locations. 
Several state governments including in Ker-
ala have introduced legislation that makes 
it obligatory to incorporate rooftop har-
vesting systems in newly constructed 
buildings in urban areas. Governments 
are also providing subsidies to promote the 
use of rainwater harvesting systems. 

The National Sample Survey Organiza-
tion (1999) has reported that the most 
significant risk to human health related 
to drinking water quality is from micro-
biological sources through fecal contamina-
tion. In general the quality of rainwater is 
not treated for bacteriological quality and is 
assessed at the household level because of 
the presence of leaves and other materials 
such as mosquito larvae, insects, rodents, 
frogs, etc. The World Health Organization 
(WHO) proposed appropriate treatment 
techniques to use harvested rainwater as a 
safe drinking water source (WHO, 2006). 
Researchers revealed the value of solar dis-
infection (SODIS) as a low-cost, sustain-
able, and simple method of treating con-
taminated water in developing countries 
(Acra, Jurdy, Muallem, Karahagopian, & 
Raffoul, 1989; Acra, Raffoul, & Karahago-
pian, 1984; Sommer et al., 1997). 

Though Kerala receives adequate annual 
rainfall, many parts of the state are experi-

encing severe drinking water shortages due 
to poor water management. As a proactive 
measure, the government of Kerala is pro-
moting rainwater harvesting in rural and 
urban areas for household use and com-
munity use in schools. Monitoring of this 
rooftop-collected water, however, is not 
carried out. Hence our study had an objec-
tive to determine the bacteriological and 
nutrient quality of rooftop-harvested and 
stored rainwater for individual household 
use as well as for community use in rural 
and urban settings. General bacterial flora 
of rooftop-collected water were character-
ized and the risk assessment of these strains 
was carried out by drug resistance analysis. 

Methods

Collection of Samples
The rooftop-harvested rainwater stored in 
ferrocement tanks (see photo above) was 
collected from rural and urban areas of Kot-
tayam, Alappuzha, and Eranakulam dis-
tricts of Kerala. Ferrocement tanks are made 
of a thin sheet of cement mortar reinforced 
with a cage of wire mesh and steel bars. 
The rainwater from the rooftop is directed 
to the tank by gutters and polyvinyl chlo-
ride pipes to the inlet of ferrocement tanks. 
Except the inlet and outlet portions, all 
the sides are closed to prevent groundwa-
ter entry to the tanks. The samples were 

aseptically collected in sterile bottles from 
the outlet pipe of the tanks and transported 
to the laboratory in an ice box. Nine stor-
age tanks for individual household use and 
eight storage tanks each for rural and urban 
community use were selected at random for 
sample collection.

Analysis of Physicochemical 
Parameters
Temperature was recorded with the help 
of a Celsius thermometer and the pH was 
monitored with the help of an electronic 
pH meter. Turbidity was measured using 
nephelometric turbidity units and total dis-
solved solids (TDS) and electrical conduc-
tivity was measured using a conductivity 
meter. Acidity, alkalinity, chlorinity, hard-
ness, dissolved oxygen (DO), phosphate, 
nitrate, and nitrite were measured using 
standard methods (Clesceri, Greenberg, 
& Eaton, 1998).

Bacteriological Analysis

Total Heterotrophic Bacterial Count
Water samples were serially diluted asepti-
cally up to 10-2 using sterile distilled water. 
Aliquots of 0.2-mL samples from each dilu-
tion were spread plated in triplicate on 
R2A medium for the enumeration of total 
aerobic heterotrophic bacteria, which is 
expressed as total viable count (TVC). The 
plates were then incubated at room temper-
ature (around 30ºC) for 48–72 hours. After 
incubation, plates with 30–300 CFUs were 
selected for counting and isolation of bacte-
rial cultures.

Isolation and Identification of  
Bacterial Isolates
After recording the morphological characters 
and pigmentation, representative types consti-
tuting at least 10–20 numbers of colonies on 
plates were selected and restreaked onto R2A 
plates to ensure purity. All the purified iso-
lates were maintained on R2A slants for fur-
ther characterization and identified to generic 
level using the taxonomic key for identifica-
tion by Barrow and Feltham (1993), Holt and 
co-authors (2000), and Harley and Prescott 
(2002). Further characterization of the mem-
bers of the family Enterobacteriaceae was not 
carried out; however, it was considered as a 
single genus for counting the number of gen-

Rainwater-Harvesting Tank in Study Area
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era present in the samples. The isolates were 
characterized based on Gram staining, spore 
staining, motility test, Kovac’s oxidase test, 
oxidation fermentation test, and catalase 
test (Jeena, Deepa, Mujeeb Rahiman, Shan-
thi, & Hatha, 2006).

Analysis of Fecal Coliform (Most Probable 
Number [MPN] Method)
The MPN load of fecal coliform (FC) 
bacteria was determined by three-tube 
dilution method using E. coli (EC) broth as 
the medium (Hatha, Chandran, & Mujeeb 
Rahiman, 2004). Ten mL, 1 mL, and 0.1 
mL of water samples were inoculated into 
respective dilution tubes containing inverted 
Durham’s tubes. Ten-mL samples were inoc-
ulated into 10 mL double strength EC broth; 
1-mL and 0.1-mL samples were inoculated 
into single strength EC broth of 10 mL each. 
Inoculated tubes were incubated at 44.5ºC 
for 24 hours and observed for growth and 
gas production. Tubes that showed growth 
and gas production were recorded as FC 
positive and used for calculating the MPN 
index. The density of FC was expressed as 
MPN per 100 mL of water. 

Isolation of E. coli
In order to confirm the presence of E. coli, 
positive FC tubes in the presumptive MPN 
tests were streaked on eosin methylene 
blue (EMB) agar, and incubated at 37ºC 
for 24 hours. After incubation the plates 
were observed for typical E. coli–like colo-
nies (colonies with green metallic sheen). 
Whenever present at least two colonies 
per plate were picked up and restreaked to 
ensure purity and stored on nutrient agar 
vials for further biochemical characteriza-
tion using indole, methyl red, Voges-Pros-
kauer, and citrate (IMViC) test. The cultures 
giving + + - - reaction for IMViC test were 
confirmed as E. coli (Hatha et al., 2004).

Analysis of Fecal Streptococci (MPN Method) 
The MPN load of fecal streptococci (FS) 
bacteria was determined by the three-tube 
dilution method using azide dextrose broth 
(ADB) as medium (Hatha et al., 2004). Ten-
mL, 1-mL, and 0.1-mL samples were inoc-
ulated into respective dilution tubes. Ten-
mL samples were inoculated into 10 mL dou-
ble strength ADB; 1-mL and 0.1-mL samples 
were inoculated into single strength ADB of 

10 mL each. Inoculated tubes were incubated 
at 37ºC for 24 hours and observed for turbid-
ity in the medium. Tubes showing turbidity in 
the medium were recorded as FS positive and 
used for calculating the MPN index. The den-
sity of FS was expressed with MPN per 100 
mL of water. 

Risk Assessment of Bacterial 
Isolates From Harvested Rainwater
Risk assessment of bacterial isolates from 
harvested rainwater was determined by 
drug resistance analysis. A total of 100 
bacterial isolates from various rainwater 
samples collected from the different rainwa-
ter harvesting tanks were tested against 12 
antibiotics by using disc diffusion method 
(Bauer, Kirby, Sherris, & Turck, 1966). 
The following are the antibiotics and their 
concentrations used for our study: ampicil-
lin (A, 10 mcg); amikacin (Ak, 30 mcg); 
chloramphenicol (C, 30 mcg); ciprofloxa-
cin (Cf, 5 mcg); erythromycin (E, 10 mcg); 
gentamicin (G, 10 mcg); kanamycin (K, 30 
mcg); nalidixic acid (Na, 30 mcg); penicillin 
G (P, 10 units); streptomycin (S, 10 mcg); 

tetracycline (T, 30 mcg); and vancomycin 
(Va, 30 mcg). The isolates were inoculated 
into tryptic soy broth and enriched by incu-
bating at 30ºC for 6–8 hours. Using a ster-
ile cotton swab, the enriched cultures were 
swabbed onto the surface of sterile Muller-
Hinton agar plates. After a prediffusion time 
of 15 minutes antibiotic disks were applied 
on the seeded agar surface by using a disc 
dispenser. The plates were incubated for 24 
hours at 30ºC. After incubation, the diam-
eter of the zone of inhibition was measured 
and compared with the zone interpretive 
chart and classified as resistant and sensi-
tive. Percentage multiple antibiotic resis-
tance (% MAR) of bacterial isolate was also 
carried out by using standard formula and 
a value greater than 20 indicated that the 
isolate was MAR. 

Statistical Analysis
The data were analyzed by two-factor anal-
ysis of variance using the statistical tool 
package of Microsoft Office Excel 2007 
software. Wherever the treatments were 
found to be significant, least significant 

Physicochemical Characteristics of the Rooftop-Collected and 
Stored Rainwater for Individual Household and Community Use

Parameter Analyzed Source of Harvested Rainwater

Rural Individual Rural Urban

Household Use 
(n = 9)*

Community Use 
(n = 8)*

Community Use 
(n = 8)*

pH 9.03 9.06 8.51
Temperature (ºC) 28.78 28.93 29.03
Conductivity (mSa) 0.09 0.21 0.18
Total dissolved solids (ppma) 52.85 101.99 88
Turbidity (NTUa) 0.67 0.89 0.5
Acidity (mg/L) 0.56 0.00 0.63
Alkalinity (mg/L) 47.22 60.63 55.63
Chloride (mg/L) 9.16 9.05 15.62
Salinity (mg/L) 16.54 16.36 28.21
Hardness (mg/L) 40.78 40.13 56.38
Dissolved oxygen (mg/L) 3.83 4.16 3.76
Nitrite (mg/L) 0.0023 0.0741 0.0329
Nitrate (mg/L) 1.4185 1.5593 6.9100
Phosphate (mg/L) 0.0512 0.0142 0.0232

amS = milli Siemens; ppm = parts per million; NTU = nephelometric turbidity units.  
*Mean values of parameters.

TABLE 1
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were calculated and significant treatments 
were identified. Whenever necessary the 
results were presented as the average and 
standard deviation.

Results

Physicochemical Parameters 
and Nutrient Concentration of 
Harvested Rainwater
Mean values of the different physico-
chemical parameters of the rooftop-
collected and stored rainwater for use in 
rural household, rural community, and 
urban community use are presented in 
Table 1. All the physicochemical param-
eters except pH were within the guidelines 

for these parameters. pH of the harvested 
and stored rainwater samples was highly 
alkaline in nature with a pH up to 11.32 
in the rainwater samples from one of the 
tanks. Our study also showed the DO con-
tent of all the rooftop-harvested rainwa-
ter samples analyzed were in the range of 
3.25–4.87 mg/L. Result also showed sig-
nificantly higher concentration of nitrate 
(p < .001) than nitrite and phosphate, 
though no significant difference existed 
between samples. 

Bacteriological Quality of the Rooftop 
Harvested and Stored Rainwater
The bacteriological quality of harvested rain-
water is presented in Table 2. Total hetero-

trophic bacterial count ranged from 3.00 x 
102 to 8.40 x 104 CFU/mL. While FC load 
ranged between zero to 2.10 x 103, FS load 
was from zero to 1.10 x 103 cells/100 mL. 
Our study revealed that 64% of harvested 
rainwater samples had FC and 96% of har-
vested rainwater samples had FS. The FC/FS 
ratio was less than 0.7 in 76% of the water 
samples indicating pollution from nonhu-
man sources. While E. coli was isolated from 
two of the nine rooftop-harvested rainwater 
samples for household use, water from 50% 
(4/8) of the storage tanks for community use 
in rural and urban areas showed the pres-
ence of this organism. 

A total of 100 bacterial cultures from the 
harvested rainwater were characterized up 
to generic level and the percentage occur-
rence of different genera of bacteria in the 
rooftop-harvested rainwater is presented in 
Table 3. The harvested rainwater for urban 
community use had more diverse bacterial 
flora when compared to that of rural areas. 
Nine genera of bacteria were isolated with 
various frequencies. Alcaligenes and mem-
bers of the family Enterobacteriaceae were 
isolated from all the samples while Morax-
ella and Micrococcus were isolated from 
only one sample. Bacillus was the predomi-
nant genera from rural household sample, 
while Enterobacteriaceae and Alcaligenes 
formed the dominant genera in water for 
rural community use and urban community 
use, respectively.

Antibiotic Resistance of the 
Bacterial Isolates From Harvested 
and Stored Rainwater
Antibiotic resistance among the hetero-
trophic bacteria from the harvested and 
stored rainwater is presented in Figure 1. 
Overall antibiotic resistance was higher 
among isolates from urban samples; the 
only exceptions were erythromycin and 
tetracycline. Resistance to antibiotics such 
as ampicillin, erythromycin, penicillin, 
and vancomycin was frequent among the 
bacterial isolates from harvested rainwater. 
More than 70% of bacterial isolates were 
sensitive, however, to amikacin, chloram-
phenicol, ciprofloxacin, and gentamicin. 
Percentage MAR and resistance profiles 
(data not shown) of viable bacterial iso-
lates from harvested rainwater showed 
that 73% of bacteria had % MAR greater 

Bacteriological Parameters of Harvested and Stored Rainwater  
for Individual Household and Community Use 

Sample # Source  
of Water

TVCb

(CFU/mL)
FCb

(CFU/100 mL)
FSb

(CFU/100 mL)
FC/FS Ratio Presence  

of E. coli

1 RIa-1 2.05 x 103 1.10 x 103 4.60 x 102 0.24 +
2 RI-2 2.89 x 103 4.60 x 102 1.10 x 103 0.42 +
3 RI-3 5.90 x 103 9.30 x 101 2.40 x 102 0.39 –
4 RI-4 8.40 x 104 2.40 x 102 0.00 - –
5 RI-5 1.74 x 104 0.00 2.30 x 101 0.00 –
6 RI-6 1.28 x 104 0.00 1.50 x 102 0.00 –
7 RI-7 2.88 x 104 0.40 x 101 1.50 x 102 0.03 –
8 RI-8 1.54 x 104 0.00 4.30 x 101 0.00 –
9 RI-9 8.20 x 103 0.00 4.60 x 102 0.00 –

10 RCa-1 2.51 x 103 4.60 x 102 4.60 x 102 1.00 –
11 RC-2 5.15 x 102 2.40 x 102 9.30 x 101 2.58 +
12 RC-3 4.93 x 103 2.10 x 101 4.30 x 101 0.49 +
13 RC-4 2.44 x 104 1.50 x 103 4.60 x 102 3.26 +
14 RC-5 1.74 x 104 4.30 x 101 7.50 x 101 0.57 +
15 RC-6 4.90 x 102 0.00 3.90 x 101 0.00 –
16 RC-7 3.00 x 102 0.00 0.40 x 101 0.00 –
17 RC-8 4.40 x 104 0.40 x 101 9.30 x 101 0.04 –
18 UCa-1 2.28 x 104 1.50 x 102 4.60 x 102 0.33 +
19 UC-2 2.04 x 104 2.10 x 103 2.40 x 102 8.75 –
20 UC-3 1.74 x 103 0.70 x 101 0.40 x 101 1.75 +
21 UC-4 5.80 x 103 0.00 0.70 x 101 0.00 –
22 UC-5 3.20 x 104 4.60 x 102 2.40 x 102 1.92 +
23 UC-6 1.31 x 104 0.00 2.40 x 102 0.00 –
24 UC-7 5.52 x 104 0.90 x 101 2.10 x 102 0.04 +
25 UC-8 2.48 x 104 0.00 2.40 x 102 0.00 –

aRI = rural individual household use; RC = rural community use; UC = urban community use. 
bTVC = total viable count; FC = fecal coliform; FS = fecal streptococci. 

TABLE 2
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than 20. The highest % MAR was shown 
by Alcaligenes (83.3%) followed by Bacil-
lus and Enterobacteriaceae (75%). 

Discussion

Physicochemical Parameters 
and Nutrient Concentration of 
Harvested Rainwater
Except for pH, other parameters were within 
the drinking water quality guidelines and 
were in agreement with the observations of 
other researchers from different parts of the 
world (Chang, McBroom, & Beasley, 2004; 
Radaideh, Al-Zboon, Al-Harahsheh, & Al-
Adamat, 2009; Simmons, Hope, Lewis, 
Whitmore, & Gao, 2001). The pH of rain-
water usually ranges from 4.5 to 6.5 but 
increases slightly after falling on the roof 
and during storage in tanks (Meera & Man-
soor, 2006). In our observations, the pH of 
the freshly collected rainwater was 6.01. 
The alkaline nature of the stored rainwater 
is most likely due to the insufficient curing 
of the storage tanks before usage. The stor-
age tanks were made of ferrocement, which 
have been reported to cause alkalinity of 
stored rainwater (Handia, 2005; Simmons 
et al., 2001). The tanks from which the 
samples were collected during our study 
were newly constructed because the rain-
water harvesting started only recently in 
the study area. It is argued, however, that 
the pH value declines with age of tank and 
period of storage.

DO is the most important parameter in 
potable water systems for its effect on other 
chemicals in the water as it oxidizes both 
organic and inorganic compounds and alters 
their chemical and physical states (Nduka, 
Orisakwe, & Ezenweke, 2008). DO lev-
els of stored rainwater in urban and rural 
areas were above 3 mg/L. Relatively low DO 
may be due to the lack of replenishment of 
oxygen from atmospheric mixing/photo-
synthesis (that are possible in well water) as 
well as due to the consumption of oxygen 
by the microbial community for oxidation 
of organic material present, if any. DO of 
water is dependent on temperature, turbu-
lence at the surface, surface area exposed to 
the atmosphere, atmospheric pressure, and 
amount of oxygen in the surrounding air, 
which are not favorable for stored water in 
the harvesting tanks.

Wide variations in the concentrations of 
major ions like calcium, magnesium, sodium, 
potassium, chlorides, sulfates, and nitrates due 
to differences in roofing material and its treat-
ment, orientation and slope of roof, air quality 
of region, characteristics of precipitation, etc., 
were reported by various researchers (Chang 
et al., 2004; Forster, 1996; Wu, Huizhen, 
Junqi, Hong, & Guanghui, 2001). Chloride 
ions are essential for life and in small con-
centrations they are not harmful to humans 
in drinking water. WHO (2004) permitted up 
to 200 mg/L chloride in potable water. Unlike 
well water, rainwater is adversely affected by 
local air pollution and debris in the rainwater 
catchment and conveyance areas. The result 
of our study indirectly points to good ambi-
ent air quality in the study area. While rain-
water is considered pure, a large number of 
human-made atmospheric pollutants exist 
such as sulfur dioxide, nitrogen oxides, and 
various hydrocarbons, which together are the 
principal causes of acid rain. Such water can 
be unsafe to drink, especially in areas of heavy 
pollution such as industrialized urban areas. 
The nitrite and nitrate concentrations of the 
rainwater samples of our study were less than 
those reported by Radaideh and co-authors 
(2009) from the harvested rainwater from dif-
ferent regions. 

Bacteriological Quality of  
the Rainwater
The TVC load of the samples analyzed in 
our study were much lower than those re-
ported in earlier studies (Simmons et al., 
2001; Uba & Aghogho, 2000). FC and FS 
load were also relatively lower, though E. 
coli was isolated from nearly 50% of samples 
for community use and 20% samples for 
household use. Previous studies (Simmons 
et al., 2001) reported that 56% of domestic 
roof-collected rainwater supplies exceeded 
the microbiological criteria of <1 FC/100 
mL and recorded the presence of total co-
liforms, FC, and E. coli in a considerable 
number of samples (Radaideh et al., 2009). 
In Kerala, around 40% of the communica-
ble diseases have been attributed to water-
borne infections and in some of the coastal 
villages of Kerala diarrheal disease was 
ranked as the second most important cause 
of illness (Remani, 2004). Previous reports 
on microbiological quality of rainwater 
(Handia, 2005; Radaideh et al., 2009) re-
vealed that rainwater harvesting systems do 
not often meet the microbiological quality 
standards for drinking water. In our study 
FC/FS ratios were worked out to track the 
source of fecal contamination. The major 
limitation of the FC/FS ratio is the difficulty 

Percentage Occurrence of Different Genera of Heterotrophic 
Bacteria in the Rooftop–Collected Rainwater for Individual 
Household and Community Use

Genera % Occurrence in Rooftop-Collected Rainwater 

RIa (n = 24) RCa (n = 32) UCa (n = 44)

Gram negative
Acinetobacter 8.33 – 11.36
Alcaligenes 8.33 21.88 47.72
Enterobacteriaceae 33.34 65.63 15.91
Moraxella – – 2.27
Pseudomonas – 3.12 6.82
Vibrio – 6.25 4.55

Gram positive
Bacillus 50.00 3.12 –
Micrococcus – – 6.82

Unidentified – – 4.55
Total 100.00 100.00 100.00

aRI = rural individual household use; RC = rural community use; UC = urban community use.

TABLE 3
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to use it effectively when mixed pollution 
sources are present. Since the rooftops are 
not protected from the entry of mongooses 
and birds the possibility of mixed sources 
of contamination is present. The results of 
our analysis, however, revealed nonhuman 
sources of fecal contamination. Though a 
difference of opinion exists on this method 
to identify the source, the results agree with 
previous observations (Appan, 1997).

Since the earliest microbiological investi-
gations of drinking water quality, the detec-
tion of fecal indicator bacteria in drinking 
water has been used as a means of predict-
ing the possible presence of pathogenic bac-
teria (WHO, 2004). Tank rainwater is usu-
ally harvested from a roof catchment area 
that is open to the environment and can 
be accessed by birds, insects, and animals. 
Fecal droppings from birds, lizards, mice, 
rats, and possums that can access the roof 
catchment may contain pathogenic micro-
organisms that are harmful to health when 
ingested. Pacific Islands Applied Geo-Sci-
ence Commission’s report (Mosley, 2005) 
had recommended several measures such 
as trimming of tree branches overhanging 
the roof, prevention of entry of mongooses 
to the rooftop, and regular cleaning as these 

may act as potential sources of entry of 
pathogenic bacteria into the rooftop-col-
lected rainwater. 

The results of our study revealed rela-
tively better quality of rooftop-collected 
rainwater in the study area when compared 
to reports from other developing countries 
(Mbaka, 2004; Sazakli, Alexopoulos, & 
Leotsinidis, 2007). The FC and FS values 
of the harvested rainwater samples ana-
lyzed ranged between zero to 2.10 x 103 
and zero to 1.10 x 103 CFU/100 mL, respec-
tively, which was comparable to observa-
tions made by Fewtrell and Kay (2007). 
Detection of specific pathogens was also 
reported in harvested rainwater (Albrecht-
sen, 2002; Simmons et al., 2001; Uba & 
Aghogho, 2000). Since the FS and FC 
loads were comparatively low, we did not 
analyze the samples for specific pathogens.

Antibiotic Resistance of the  
Bacterial Isolates 
Our study revealed that most bacterial iso-
lates from harvested rainwater were resis-
tant to ampicillin, erythromycin, penicil-
lin, and vancomycin. Specific reports on 
drug resistance among the bacterial isolates 
from harvested rainwater are not avail-

able for comparison, though presence of 
drug-resistant bacteria in bottled min-
eral water/drinking water were available 
(Zeenat, Hatha, Viola, & Vipra, 2009). 
Ours may be the first report of drug-resis-
tant bacteria in rooftop-harvested rainwa-
ter. MAR indexing of the isolates and elu-
cidation of the resistance patterns (results 
not shown) revealed that 73% of the iso-
lates were MAR in our study. Apart from 
variations among different genera, wide 
variations in the MAR index and resistance 
patterns were also noticed within the differ-
ent strains of the same genera, indicating 
the diversity of the strains. One interest-
ing observation was the higher frequency 
of resistance among bacterial isolates from 
urban area samples. Also resistance to most 
antibiotics was relatively high when com-
pared with bacterial isolates from polluted 
household water, especially to chloram-
phenicol, ciprofloxacin, and streptomycin. 
This is an interesting observation, as we feel 
most of the urban flora might have origi-
nated from humans as a result of spillage of 
oral microflora or by sneezing or cough. 
These antibiotics are specific to human use 
and the resistant forms may be of human 
origin. The occurrence of MAR bacteria in 
the environment is certainly a well-known 
phenomenon. Many investigators believe 
that these drug-resistant organisms have 
become more common recently due to the 
extensive use of antibiotics in medicine and 
agriculture throughout the world. 

The situation in India is more serious 
where the misuse of antibiotics is preva-
lent. Antibiotics are readily available over 
the counter without any prescription, and 
the general public is not aware of the con-
sequences of improper and frequent use of 
antibiotics. This concern is particularly rel-
evant in light of the discovery that resistance 
characteristics can be transferred to nonre-
sistant recipient cells via R-factor plasmid 
vectors (Mitsuhashi, 1977). The microflora 
that could be present in the rainwater are 
most likely the transient aerobic micro-
flora, which could be mostly of human 
origin in a highly populated country like 
India. The sampling locations in our study 
were located among dense rural and urban 
community and most of the drug-resistant 
forms that are encountered might have pos-
sibly originated from a human source.

Antibiotic Resistance Among the Heterotrophic Bacteria From 
Harvested Rainwater for Rural and Urban Use

A = ampicillin; Ak = amikacin; C = chloramphenicol; Cf = ciprofloxacin; E = erythromycin; G = gentamicin; K = 
kanamycin; Na = nalidixic acid; P = penicillin G; S = streptomycin; T = tetracycline; Va = vancomycin.
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Introduction
The Health Impact Assessment (HIA) is 
a tool that provides decision makers at the 
city, county, state, and federal levels with 
information on how a policy will poten-
tially affect the health of the population. 
The “recommendations” of HIA projects are 

evidence based and geared towards maxi-
mizing positive health impacts by removing 
or minimizing the negative health impacts 
on the population (Taylor & Quigley, 
2002). Health effects occupy the focal point 
in decision-making policies outside of the 
health sector. 

Highway traffic in urban areas is a sig-
nificant contributor to the total airborne 
particulate concentration. Several studies 
have suggested that exposure to traffic-
generated aerosols exacerbates asthma in 
patients living near highways (Holguin, 
2008). Children are particularly suscep-
tible to these aerosols due to their devel-
oping respiratory system and could be 
adversely affected if they reside close to 
highways (Gauderman et al., 2007). Even 
short-term exposure to traffic-related par-
ticles has been shown to reduce lung func-
tion in atopic schoolchildren (Barraza-Vil-
larreal et al., 2011).

PM
2.5

 is defined as airborne particulate 
matter with an aerodynamic diameter less 
than or equal to 2.5 µm. It is most often 
produced via combustion (U.S. Environ-
mental Protection Agency [U.S. EPA], 
2008). Due to their small size, these par-
ticles penetrate deep into the respiratory 
tract, creating the potential for adverse 
health effects (U.S. EPA, 2008). PM

2.5
 mass 

concentrations do not vary greatly with 
differing distances from highways (Mar-
tuzevicius et al., 2004; Roorda-Knape et 
al., 1999) and are only slightly affected by 
traffic density (Martuzevicius et al., 2005). 
A more clear effect of traffic sources has 
been observed for fine particles (<1 µm 
in diameter) and ultrafine particles (<0.1 
µm) (Reponen et al., 2003; Zhu et al., 
2002, 2009). 

Abst ract  The research project described in this article 

was undertaken to establish baseline information for a Health Impact 

Assessment (HIA) project of Interstate 75 road construction in 

Cincinnati, Ohio. The objective of the authors’ study was to evaluate the 

concentrations of elemental and organic carbon (EC and OC), as well as 

characterize particle number concentrations using devices that measure 

the fine fraction in the range of 0.02–1 µm and the coarse fraction up 

to 20 µm. The measurements were conducted at two sites located in the 

proximity of an interstate highway (at 124 and 277 m) as well as at a 

remote control site (at >2000 m from any interstate highway). Samples 

were collected for 24 hours over 12 days in each season (i.e., summer, 

fall, and winter). Wind data were obtained from the area weather station. 

Data were analyzed using mixed linear models. Significant increases in 

concentrations of EC, OC, and fine particles as well as in EC/OC ratios 

were observed with decreased distance to the highway; this difference 

was more pronounced in the fall. These results suggest that residents and 

workers in areas near high-traffic highways may be exposed to elevated 

levels of airborne fine particles. The results can be used as a baseline for 

future HIAs of road construction in the area.

Concentration Gradient Patterns 
of Traffic and Non-Traffic-
Generated Fine and Coarse 
Aerosol Particles

4 tables, 4 figures
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 Kim and co-authors (2004) reported 
that the concentrations of black carbon 
(organic carbon [OC] and elemental car-
bon [EC]) were higher in areas within 300 
m of highways compared to background. 
While OC is produced by all combustion 
sources, EC is primarily generated by traf-
fic sources, particularly diesel-burning 
vehicles (Birch & Cary, 1996). As such, 

EC is frequently used as a surrogate for 
traffic-generated aerosols (Holguin, 2008; 
Ryan et al., 2009). It is reported that EC 
concentrations are greater in areas near 
highways and increase with increased 
truck traffic (Kinney, Aggarwal, North-
ridge, Janssen, & Shepard, 2000; Lena et 
al., 2002; Martuzevicius et al., 2004). The 
ratio of elemental carbon to organic car-

bon (EC/OC) provides an estimate of the 
overall percentage of the total carbon (EC 
+ OC) that can be attributed to combus-
tion of diesel. Where traffic exhaust is the 
primary source of diesel and combustion 
exhaust, this ratio is used to indicate the 
fraction of the total carbon attributable to 
diesel consuming vehicles (Maykut, Lew-
tas, Kim, & Larson, 2003).

Interstate highways, the major traf-
fic arteries in the U.S., undergo various 
improvements, especially in major met-
ropolitan areas known for traffic conges-
tion. Widening highways by adding lanes 
allows for higher traffic volume, which 
may increase the traffic aerosol emission. 
An improvement of Interstate 75 (I-75), a 
major north-south transportation corridor, 
is currently in the planning phase in the 
greater Cincinnati area. This will include 
adding one lane in both directions, which 
may result in potential health implica-
tions for residents in the construction 
area—a mostly low-income population. In 
this light, an HIA of the construction site 
was initiated to obtain baseline air quality 
information, followed by assessment of air 
quality during the construction and after 
its completion.

The distance traveled by highway-gen-
erated airborne particles of different sizes 
is unknown for highways in the greater 
Cincinnati area. Furthermore, the effect of 
future road construction on the local air 
quality is not clear. Our case study inves-
tigated particle number and mass concen-
trations of fine and coarse particles as well 
as EC, OC, and PM

2.5
 at different distances 

from an interstate highway in order to cre-
ate a baseline data set for future HIAs. 

Methods

Site Selection
Three sampling sites were selected based 
on direction and distance from a high-
traffic highway in Cincinnati, Ohio, and 
are further referred to as site 1, site 2, 
and site 3 (Figure 1). Sites 1 and 2 were 
located  at 124 m and 277 m, respectively, 
from I-75 (site 2 was initially chosen at 
283 m but moved 6 m closer after the first 
sampling period). Site 3 served as a back-
ground station located at >2,000 m from 
any interstate highway in the metropolitan 

Location of Sampling Sites in Relation to Highways and Major  
Coal-Fired Power Plants

FIGURE 1
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area. The sites were selected northeast and 
downwind of the closest highway (based 
on the predominant wind direction in 
Cincinnati [Martuzevicius et al., 2004]) 
and far away from major coal-fired power 
plants. Stations 1 and 2 were placed on the 
roofs of buildings (at the heights of 7.6 and 
19.5 m, respectively) and the background 
station 3 was placed on the ground. The 
traffic volume on the highway nearby 
sites 1 and 2 was 142,500 cars and 19,000 
trucks per day. The respective numbers on 
the highway nearest to site 3 were 82,400 
and 9,100.

Aerosol Sample Collection
Ambient air sampling was conducted dur-
ing three seasons (summer and fall of 
2010 and winter of 2011). A total of four 
Harvard PM

2.5
 Impactors (MS&T area 

sampler) were utilized on the three sites. 
Twelve 24-hour samples were collected at 
a flow rate of 20 L/min during each season. 
The sampling was carried out on days with 
limited or no rainfall. At each of the three 
sites, particulate matter was collected onto 
37-mm quartz filters that were analyzed for 
EC and OC concentrations using evolved 
gas analysis by a thermal optical analyzer 
as performed by a commercial laboratory. 
An additional (the fourth) PM

2.5 
sampler 

was deployed at site 1 to collect samples 
onto 37-mm Teflon filters that were ana-
lyzed gravimetrically. 

Each station was equipped with two 
real-time particle measurement devices: a 
P-Trak condensation nuclei particle coun-
ter and an ARTI optical particle counter. 
The P-Trak measures the total number 
concentration of airborne particles in the 
size range of 0.02–1 µm (fine particles), 
whereas the ARTI measures the particle 
number concentration size selectively in 
the size range of 0.7–20 µm (mostly coarse 
particles). The real-time data generated by 
both instruments were recorded as three-
minute averages. The instruments were 
operated from 8:00 a.m. to 6:00 p.m. on 
each day when the filter samples were col-
lected; however, in some cases only a por-
tion of this 10-hour window was found 
useful (the limitation was due to technical 
problems such as rapid evaporation of iso-
propanol in a condensation nuclei counter, 
especially in summer, and malfunctioning 

of pumps during long-term sampling). As 
a result, the real-time data obtained from 
9:30 a.m. to 12:30 p.m. were utilized for 
analysis because these measurements were 
consistent at all three sites and analysis of 

variance demonstrated that the average 
concentrations calculated from the data 
collected from 9:30 a.m. to 12:30 p.m. did 
not differ from the overall average values 
determined for the entire 10-hour period 

Calculation of Wind Index

A

B

Road

Wind Direction (x)

Direction (angle) of site to 
nearest highway determined 
by Euclidean distance (θ) 

Direction (angle) of site to 
nearest highway determined 
by Euclidean distance (θ) 

Wind Index = 1 – cos (Θ – x)
2

FIGURE 2

Geometric Means and 95% Confidence Intervals

Measured Parameter  Geometric Mean 95% Confidence Interval

PM2.5
a (μg/m3) 15.4 13.3–17.8 

ECa (μg/m3) 0.53 0.46–0.61
OCa (μg/m3) 3.53 3.28–3.81
EC/OC 0.15 0.14–0.17
Number concentration of fine 
particles measured by P-Trak 
(1/cm3)

12628 10579–15074

Number concentration of 
course particles measured by 
ARTI (1/cm3)

1267 943–1702

aPM2.5 = particulate matter ≤2.5 µm; EC = elemental carbon; OC = organic carbon.

TABLE 1
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(p > .05). Average concentrations were 
used instead of hourly data because cumu-
lative exposure values are more relevant 
for the future HIA. 

Data Analysis
The statistical modeling was performed for 
EC, OC, EC/OC ratio, PM

2.5
 mass, and num-

ber concentrations of fine and coarse par-
ticles. Data were found to be normally dis-
tributed when log transformed. Geometric 
means and 95% confidence intervals were 
calculated for all particle concentrations. 
The arithmetic mean was also calculated for 
PM

2.5
, so that data could be compared with 

the National Ambient Air Quality Standard 
(NAAQS) (U.S. EPA, 2011).

Wind speed and direction were obtained 
from data gathered at the nearest National 
Weather Service sampling location, 8 
miles from sites 1 and 2 and 24 miles 
from Site 3. Daily averages of the avail-
able hourly values were determined for 
each 24-hour filter collection period, from 
8:00 a.m. to 8:00 a.m. the following day. 
Additionally, averages of the hourly val-
ues between 9:00 a.m. and 1:00 p.m. were 
determined to relate to real-time samples. 
A wind index was calculated for each site 
as follows:

Wind Index = 1 – cos (θ – x) 
 2

where θ = the angle (θ) of the site to the 
nearest highway and x = wind direction 
(Figure 2) (Ryan et al., 2008).

The wind index is a rescaling of the dif-
ference in the angle to nearest major traffic 
source and predominant wind direction to 
a scale of zero to one. The wind index is 
a continuous variable; sites directly upwind 
of the nearest traffic source had a wind 
index equal to zero, sites directly down-
wind of the nearest traffic source had a wind 
index equal to one, and sites perpendicular 
to the wind direction had an index of 0.5.

For all analyses, sample days missing 
data from any three sites were excluded. 
Each data set was then analyzed for spatial 
and seasonal variation using a linear mixed 
model (SAS v. 9.2 software), adjusting for 
wind speed and calculated wind index. The 
mixed model was also used to compare 
wind speeds and wind indexes between the 
sampling seasons. A p-value < .05 was con-
sidered statistically significant. 

Results
The geometric means (GM) and 95% con-
fidence intervals for PM

2.5
, EC, OC, EC/OC 

and the number concentrations of fine and 
coarse particles are presented in Table 
1. PM

2.5
 concentrations varied from 5.4 

to 34.4 µg/m3 having a geometric mean of 
15.4 µg/m3 and an overall arithmetic mean 
of 17.0 µg/m3. Daily average concentrations 
of EC varied from 0.06 to 2.91 µg/m3 (GM 
= 0.53 µg/m3) whereas OC concentrations 
were higher, varying from 0.73 to 10.35 µg/
m3 (GM = 3.53 µg/m3). The EC/OC ratios 
varied from 0.04 to 0.48 (GM = 0.15). The 
number concentrations of fine particles, 
as measured with the P-Trak, ranged from 
2,991 to 42,749/cm3 (GM = 12,628/cm3). 
Considerably lower particle number con-
centrations were measured with the ARTI 
for large particles: 268–8,872/cm3 (GM = 
1,267/cm3). 

Table 2 presents wind speeds and 
indexes. On average, the sampling sites 
were neither up nor downwind of the 
source based upon the wind index and 
were not significantly different between 
seasons. A significant difference in the 
wind index between sites, however, was 

Arithmetic Means (Standard Deviations) of Wind Speed and Wind 
Index Per Season

Season Wind Speed, 
mph

Wind Index p-Valuea 

Site 1 Site 2 Site 3

Summer 5.82 (1.89) 0.56 (0.39) 0.59 (0.34) 0.33 (0.20) .006
Fall 8.28 (3.23) 0.50 (0.39) 0.50 (0.38) 0.54 (0.26) .872
Winter 9.42 (3.58) 0.66 (0.35) 0.65 (0.35) 0.52 (0.35) .152
p-Value for 
the difference 
between seasons

<.001 .695 .636 .426

aFor the difference in wind index between sites.

TABLE 2

Comparison of Particle Concentrations Between Sites by Analysis  
of Variance Mixed Model for Fixed Effects

Site 
Comparison

 Differences of Least Squares Means of Natural Log Transformed  
Concentration Values (p-Value)

ECa OCa EC/OC Fine Particle 
Concentration 

(P-Trak)

Coarse Particle 
Concentration 

(ARTI)

1 vs. 2 0.278 
(<.001)

0.197 
(<.001)

0.085 
(.016)

0.370  
(.007)

-0.032  
(.866)

1 vs. 3 1.052 
(<.001)

0.502 
(<.001)

0.559 
(<.001)

0.971  
(<.001)

-0.191  
(.677)

2 vs. 3 0.774 
(<.001)

0.306 
(<.001)

0.474 
(<.001)

0.601  
(.002)

-0.159  
(.712)

Note. Significant differences between pair-wise comparisons are bolded (α = .05). Model is adjusted for wind speed 
and wind index. 
aEC = elemental carbon; OC = organic carbon.

TABLE 3
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observed in the summer (p = .006, Table 
2). Therefore, statistical analyses presented 
in Table 3 and 4 on the concentration data 
were adjusted for wind data. Wind speed 
was strongest in the winter and weakest 
in the summer (p < .001). Given that the 
original wind data were obtained from 
a single weather station, the same wind 
speed was used for each sampling site. 

The geometric means of the EC and OC 
concentrations and EC/OC ratios at each 
site are presented in Figure 3 and the results 
of analyses in Tables 3 and 4. EC concen-
trations decreased with increasing distance 
from the nearest interstate highway and the 
differences were significant between sites 
(p < .001; Table 3). As expected, site 1 had 
the highest EC concentration and site 3 had 
the lowest EC concentration for all seasons. 
The EC concentrations were lowest in win-
ter and highest in fall (p = .004; Table 4). 
Similar to EC, OC concentrations decreased 
consistently in all sampling seasons with 
increasing distance from the nearest inter-
state highway (Table 3). In all seasons, site 1 
exhibited the highest OC concentration and 
site 3 had the lowest OC concentration (p < 
.001). No significant differences were found 
in OC concentrations between the different 
seasons (Table 4). EC/OC ratio was high-
est at site 1 and lowest at site 3 (Table 3). 
The highest EC/OC values were identified 
in the fall. The seasonal differences were 
significant between fall and summer (p = 
.031; Table 4) and between fall and winter 
(p < .001). 

Sampling for PM
2.5 

was only conducted 
at site 1. PM

2.5
 concentration was signifi-

cantly lower in the fall than in the winter (p 
= .027; Table 4). 

The geometric means for number con-
centrations of fine and coarse particles 
measured at each of the three sites during 
the three sampling seasons are shown in 
Figure 4. Some lack of consistency in per-
formance of the real-time particle monitor-
ing instruments resulted in varied sample 
numbers between seasons. The concentra-
tions of fine particles were significantly 
different between sites. The particle num-
ber concentration at site 1 was greater than 
at site 2 (p = .007) and site 3 (p < .001), 
and the concentration at site 2 was greater 
than at site 3 (p = .002) (Table 3). Fine par-
ticle concentration was lower in the sum-

Geometric Means and 95% Confidence Intervals for the 
Concentrations of Elemental Carbon (EC) and Organic Carbon  
(OC) and EC/OC Ratio (N = 12)
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mer than in the fall (p = .025; Table 4). The 
average concentrations of coarse particles 
were highest at site 3 in summer and win-
ter, but this difference was not statistically 
significant (Table 3). Seasonal variation of 
large particles was not significant either 
(Table 4). 

Discussion
We found that the concentrations of EC, 
OC, and the EC/OC ratio were significantly 
greater at locations nearest the highway, 
suggesting that traffic is a major contributor 
to these ambient aerosols. Our results sup-
port data reported by Kim and co-authors 
(2004), which revealed that the concentra-
tion of traffic-related air pollution decreases 
downwind from the highway. 

A similar decreasing trend was observed 
for the number concentrations of fine par-
ticles, suggesting a concentration gradient 
also exists for fine particles with respect 
to distance. It should be noted that the 
sampling stations were located at different 
heights. Hitchins and co-authors (1999) 
have shown, however, that the sampling 
height did not affect the concentration of 
fine particles at distances of 80 and 210 m 
from the highway. While the measured par-
ticles are not necessarily all traffic related, 
our data suggest that the aerosol concentra-
tion in the size range of 0.02–1 µm is greater 

in areas near a highway with intense traffic. 
Investigations in other cities have indicated 
that number concentrations of fine par-
ticles decrease to the background level at 
a distance of about 300 m from highways 
(Zhu et al., 2002, 2009). Reponen and co-
authors (2003) reported that the spatial 
variation between 400 m and 1600 m from 
a highway was not significant. Our study 
shows significant differences between sites 
124 m and 277 m from the nearest source 
and significant differences between both 
of these sites versus the background site 
located more than 2,000 m away from high-
ways. While the spatial variation reported 
in this study appears to be somewhat dif-
ferent from the one reported by Reponen 
and co-authors (2003), the number con-
centrations of fine particles, which ranged 
approximately from 1.5 x 104 to 2.0 x 104 1/
cm3, were similar. 

The number concentration of coarse par-
ticles was higher at site 3 compared to sites 1 
and 2, though this difference was not statisti-
cally significant. This may be attributable to 
the increase in landscaping activities taking 
place at site 3. During both seasons, lawn 
care companies were in the area surrounding 
site 3 up to five days a week. The location of 
this sampling site on the ground may have 
increased the contribution of local sources, 
which is a limitation of our study. 

Limited information is available on the 
horizontal and vertical variation of coarse 
particles (Cheung et al., 2010, 2011) and 
therefore the impact of the differing sam-
pling height is difficult to estimate. It is 
notable, however, that the effect of land-
scaping activities was not seen in OC con-
centrations. It was apparent only for the 
number concentrations of coarse particles 
measured with an optical particle counter. 
Our results are consistent with those pre-
sented by Pabkin and co-authors (2010), 
who concluded that traffic is the major 
source for both fine and coarse particles 
near highways, whereas natural sources 
such as windblown dust dominate in more 
rural areas. Future HIA studies should 
include chemical speciation of the coarse 
particle size fraction. This would allow 
more clear differentiation of the effects of 
traffic and road construction.

A clear seasonal variation was observed 
for most of the studied particle types. Con-
centrations of EC and fine particles as well 
as EC/OC ratio were highest in the fall. In 
contrast, concentrations of PM

2.5
 were low-

est in the fall. Martuzevicius and co-authors 
(2004) have reported similar seasonal vari-
ation suggesting that it is the result of coal-
powered power plants being the primary 
PM

2.5 
contributor in the greater Cincinnati 

area and increased energy usage during 
summer and winter. The fact that samples 
were only collected on days with limited 
or no rainfall and low wind speeds largely 
limits the influence of weather-related phe-
nomena. The results indicate that the effect 
of traffic on the aerosol concentrations is 
greater in the fall than in the summer and 
winter, when other aerosol sources appear 
to be more dominant. 

The highest measured concentration was 
close to the 24-hour fine particle threshold 
listed in the NAAQS of 35 µg/m3 (U.S. EPA, 
2011). Furthermore, the overall average of 
the 24-hour PM

2.5
 samples (17.0 µg/m3, n 

= 36) exceeded the annual PM
2.5 

NAAQS of 
15.0 µg/m3. 

Our results suggest that residents and 
workers in areas near high-traffic high-
ways may be at increased risk of experi-
encing negative effects from traffic-relat-
ed aerosols. High background levels of 
PM

2.5
 add to overall particle exposure. 

Future road construction will likely lead 

Comparison of Particle Concentrations Between Seasons by 
Analysis of Variance Mixed Model for Fixed Effects

Seasons Differences of Least Squares Means of Natural Log Transformed Concentration 
Values (p-Value)

PM2.5
a ECa OCa EC/OC Fine Particle 

Concentration 
(P-Trak)

Coarse 
Particle  

Concentration 
(ARTI)

Summer 
vs. fall

0.250 
(.352)

-0.473 
(.056)

-0.084 
(.841)

-0.364 
(.031)

-0.610  
(.025)

-0.404  
(.811)

Summer 
vs. winter

-0.210 
(.498)

0.168 
(.696)

-0.161 
(.558)

0.333 
(.065)

-0.854  
(.051)

-0.529  
(.785)

Fall vs. 
winter

-0.460 
(.027)

0.641 
(.004)

-0.077 
(.849)

0.697 
(<.001)

-0.244  
(.690)

-0.125  
(.967)

Note. Significant differences between pair-wise comparisons are bolded (α = .05). Model is adjusted for wind 
speed and wind index. 
aPM2.5 = particulate matter ≤2.5 µm; EC = elemental carbon; OC = organic carbon.

TABLE 4
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to increases in concentrations of fine and 
coarse airborne particles as a result of con-
gested traffic (Keuken et al., 2010), chang-
ing traffic patterns, and the construction 
activity itself. It is also possible that the 
concentrations observed after construc-
tion may decrease due to more efficient 
traffic patterns. By contrast, the above 
positive outcome may be diminished if 
the increase in road space will increase the 
traffic density over time. To determine the 
true trend of air pollution associated with 
the highway improvement, it seems useful 
to conduct similar sets of measurements 
during and after construction.

The road construction/demolition can 
also indirectly affect the health of citizens 
(Wernham, 2011). New traffic patterns may 
increase the risk of traffic-related injuries. 
Furthermore, the roadway might unin-
tentionally cut off an important walking 
route to and from a transit stop or local 
school, making it harder for adults and chil-
dren to get enough exercise.

These are significant health concerns. 
It is estimated that health problems asso-
ciated with our current transportation 
system, such as injuries, asthma, cardio-
vascular disease, and premature mor-
tality may result in over $300 billion in 
additional costs every year. This amount 
includes accidents and medical expenses 
as well as lost wages and lost productivity 
(Wernham, 2011). One way to reduce the 
negative impacts of transportation is the 
HIA, which is a powerful tool being used 
worldwide to identify unintended health 
risks and unnecessary costs. 

Conclusion
In summary, the concentrations of EC, OC, 
fine particles and the EC/OC ratio were sig-
nificantly greater at locations nearest the 
highway, suggesting that traffic is a major 
contributor to these ambient aerosols. The 
concentrations of EC and number of fine 
particles as well as EC/OC ratio were high-
est in the fall, whereas the concentration 
of PM

2.5 
was lowest in the fall; these find-

ings suggest that the effect of traffic on the 
aerosol concentrations in this area is more 
pronounced in the fall. 

Our study was undertaken to provide 
decision makers with a tool to assess the 
exposure and consequently the health 

impact of the future infrastructure improve-
ment to I-75 in the greater Cincinnati area. 
The main outcome of our study is a baseline 
aerosol database to be used in a follow-up 
HIA evaluation. 
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Introduction
The effect of environmental toxins on the 
brain and nervous system has been stud-
ied and documented extensively. A majority 
of the existing research has focused on the 
detrimental effects of heavy metals, how-
ever, while it appears that exposure to heavy 
metals represents only a portion of the total 
environmental health risks. For example, 
the damaging effects of air pollution on the 
brain, and particularly on intelligence, are 
being increasingly viewed as a significant 
concern. Another important concern is expo-
sure to organic chemical compounds (such as 

polychlorinated biphenyls and dioxins) with 
toxic effects. What is particularly trou-
bling about these compounds is that they 
can accumulate in animals and therefore can 
be delivered to humans via food products 
(Tuomisto, Vartianen, & Tuomisto, 2011).

Pollution is a complex issue affecting 
underdeveloped as well as developed coun-
tries. Socioeconomic issues are also relevant; 
people living in urban or impoverished areas 
may face greater exposure. Combatting pol-
lution is a unique challenge, as it can require 
significant participation and economic 
support across all levels of government, 

from local municipalities all the way up 
to national authorities. All of these factors 
make pollution a broad research subject. As 
a result, this article will focus on some of 
the more recent developments and concerns 
regarding a few noteworthy pollutants. First, 
some of the major findings of the effects of 
the heavy metals lead and mercury on cog-
nitive function will be reviewed. Although 
lead and mercury have been studied previ-
ously and extensively as mentioned earlier, 
they were included in this article due to 
recent developments regarding exposure. 
For example, the acceptable blood lead 
levels (BLLs) in children have decreased 
steadily over time. Mercury has reemerged 
as a threat due to its persistence in the food 
supply, particularly seafood.

Second, this article will also explore the 
potential effects of air pollutants and organic 
chemical pollutants on cognition. Special 
attention is given to the effects of pollution 
on specific population groups as well as 
more universal effects throughout each sec-
tion of the article. The discussion on air pol-
lution was included in this article because 
it is being increasingly viewed as a potential 
problem and its mechanisms of action are 
still not completely understood. Discussion 
on the effects of organic compounds was also 
included in this article due to growing con-
cerns about exposure through the food sup-
ply. Finally, public health and clinical implica-
tions for health care providers are discussed.

Lead and Mercury

Children
The potential health effects of high exposure 
to lead have been studied comprehensively. 
Over the past few decades a debate has per-
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sisted, however, about how much exposure 
is necessary to produce negative health 
effects, especially in children. Indeed, the 
Centers for Disease Control and Prevention 
(CDC) have steadily lowered the threshold 
for BLLs in children considered dangerous 
by 88%, from 60 µg/dL to 10 µg/dL over the 
last 40 years (CDC, 2006). 

More recently, increasing data have also 
indicated that even children with blood 
lead concentrations <10 µg/dL are at sig-
nificant risk for reduced cognitive develop-
ment and functioning, including IQ deficits 
and poor academic performance (Bellinger, 
2008; Jusko, 2008; Lanphear et al., 2005; 
Liu,  Li, Wang, Yan, & Liu, 2013). In fact, 
no threshold has been determined for this 
effect. Accordingly, the CDC recently elimi-
nated the terminology “level of concern.” 
Rather, children with elevated blood lead 
concentrations will be identified using a ref-
erence value based on the 97.5th percentile 
of the National Health and Nutrition Exam-
ination Survey–generated blood lead con-
centration distribution in children aged 1–5 
years old; currently, this value is 5 µg/dL 
(CDC, 2012). Prenatal exposure to lead via 
vertical transmission from mother to child, 
including at levels below 10 µg/dL, is also 
a concern and can have detrimental effects 
on cognitive function and IQ in infants and 
children (Jedrychowski et al., 2009). 

Mercury is another heavy metal that poses 
a significant health threat to children. It is 
of significant concern that mercury (in the 
form of methylmercury) is found in fish 
and shellfish, which are readily available for 
consumption as part of a child’s diet. In fact, 
the Food and Drug Administration (FDA) 
currently advises that young children, preg-
nant women, and nursing women avoid the 
four fish (shark, swordfish, king mackerel, 
and tilefish) that contain high levels of mer-
cury (FDA, 2004). FDA also advises that 
these individuals consume no more than 12 
ounces of fish and shellfish lower in mer-
cury per week (FDA, 2004). These caution-
ary guidelines are due to growing evidence 
from the scientific community about the 
potential negative health effects of accumu-
lating mercury via diet.

In a study of preschool children in Spain, 
elevated hair mercury levels were associ-
ated with a higher frequency of oily fish 
consumption as well as a delay in cognitive 

development (Freire et al., 2010). In a study 
on adolescents, however, higher hair mer-
cury levels were associated with improved 
visual-spatial capabilities, which the authors 
posit may be due to general benefits of 
fish consumption (e.g., increased protein, 
increased omega-3 fatty acids) outweighing 
the risks of mercury accumulation (Tor-
rente, Colomina, & Domingo, 2005). It is 
possible that mercury’s impact is more pro-
nounced when children are younger, when 
their developing neurocognitive systems 
are more vulnerable to harm. Some prena-
tal studies have distinguished between the 
effect of higher mercury levels and the effect 
of higher maternal fish consumption. In a 
study that examined mercury levels due to 
atmospheric exposure instead of exposure 
due to diet, higher mercury levels in young 
children were associated with decreased IQ 
(Trasande, Schecter, Haynes, & Landrigan, 
2006). Despite the consensus that higher 
mercury levels are associated with negative 
effects on cognition (Oken et al., 2008), 
higher maternal fish consumption has been 
associated with a beneficial impact on cogni-
tion, even though increased fish consump-
tion would suggest elevated mercury levels 
(Oken et al., 2008). This may be due to the 
variety of fish consumed, as different species 
of fish contain differing amounts of mercury, 
as discussed previously (FDA, 2004).

Adults
Lead also has negative effects on adults. 
Several studies have found an association 
between higher lead levels and declines in 
cognitive performance (Shih, Hu, Weiss-
kopf, & Schwartz, 2007; Weuve et al., 
2009), which may or may not be revers-
ible (Winker, Ponocny-Seliger, Rudiger, & 
Barth, 2006). A concern also exists that 
low-level accumulation of lead over a long 
period of time, such as in the elderly, may 
also be harmful to cognitive performance 
(Stewart & Schwartz, 2007). Stewart and 
Schwartz even posit that the manifesta-
tion of “normal” cognitive decline due to 
age may be in fact due to an accumulation 
of neurotoxins, such as lead, over time. 
A concern is also that exposure to lead 
may later lead to the emergence of demen-
tia disorders, particularly Alzheimer’s dis-
ease (AD) (Basha & Reddy, 2010). Other 
researchers, however, have found no link 

between elevated lead levels and decreased 
cognition in adults (Nordberg, Winblad, 
Fratiglioni, & Basun, 2000). 

Although evidence suggests an accumu-
lation of low amounts of mercury appears 
to have a negative impact on children’s 
cognition, less evidence exists to support 
a similar relationship in adults. A study of 
individuals occupationally exposed to 
mercury found that effects were small and 
difficult to detect on a case-by-case basis 
(Rohling & Demakis, 2006). Another study 
examined individuals who received mer-
cury alloy amalgam-based dental implants 
and found no relation with cognition 
(Sundstrom, Bergdahl, Nyberg, Berg-
dahl, & Nilsson, 2010). Similarly, the 
link between elevated mercury and cogni-
tion in older adults is unconvincing (Weil 
et al., 2005). The same is true for the con-
nection between mercury exposure and 
AD; associations between the two exist but 
they have not been found to be significant 
(Mutter, Naumann, Schneider, & Walach, 
2007). It is possible that individuals with 
higher mercury levels may be benefitting 
from higher fish consumption, which could 
mitigate mercury’s harmful effects. Indeed, 
the potential interaction between mercury 
and selenium has been under investiga-
tion, where the increased levels of sele-
nium found in fish may mitigate the effects 
of mercury (Mozaffarian & Rimm, 2006).

Potential Mechanisms of Action
The mechanism for the toxic health effects 
seen from lead and mercury exposure is 
thought to primarily involve the brain. 
Lead is believed to raise oxidative stress, 
stimulate apoptosis of neurons, and affect 
neurotransmitter release (Shih et al., 2007). 
Lead can circulate in the blood or accu-
mulate in bones, where it can escape into 
the blood during periods of bone turnover 
(Shih et al., 2007). When in the blood, 
lead is capable of substituting for calcium, 
allowing it to cross the blood-brain barrier 
and disrupt other calcium-based proper-
ties (Shih et al., 2007). It may be through 
these mechanisms that lead can directly 
affect cognitive performance. Regarding 
the potential link between lead and AD, 
research has focused on the possible epigen-
etic effects of lead. In studies of primates, 
early exposure to lead resulted in increased 
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expression of genes associated with AD 
(Wu et al., 2008). Separate brain imaging 
studies in rodents and monkeys have found 
increases in amyloid plaques in the frontal 
lobe as well as changes in structural plastic-
ity in the hippocampus (White et al., 2007; 
Wu et al., 2008).

Mercury is also believed to target the 
brain. According to the Agency for Toxic 
Substances and Disease Registry (ATSDR), 
inorganic, or elemental, mercury is con-
verted into a divalent mercury ion, which 
can bind to thiol or sulfhydryl groups in 
proteins, resulting in disruption of protein 
structure and function (ATSDR, 1999). 
This may induce oxidative stress, lipid per-
oxidation, and mitochondrial dysfunction 
(ATSDR, 1999), which may promote the 
decline in cognitive performance. Meth-
ylmercury obtained via diet can accumu-
late in both the adult and fetal brain and 
is slowly transformed into inorganic mer-
cury, which can act via the aforementioned 
mechanisms (National Academies of Sci-
ence, 2000). A brain imaging study found 
that the areas of the brain most vulnerable 
to the toxic effects of mercury are the cal-
carine region, pre- and postcentral gyri, 
and the temporal transverse gyrus (Taber 
& Hurley, 2008). Granule cells in the cere-
bellum are also susceptible to harm (Taber 
& Hurley, 2008).

Air Pollution

Children
One major focus of research on the effects 
of air pollution is its potential impact on 
children. Due to the fact that children are 
continuously undergoing neurological and 
physical changes, they may be more suscep-
tible to the harmful effects of toxins (Pinker-
ton & Joad, 2000). This is in contrast to 
adults, whose nervous systems are more 
mature and developed, and therefore more 
resistant to injury. Much of the research on 
children is centered on the effects of nitro-
gen dioxide (NO

2
) and its influence on the 

respiratory system (U.S. Environmental 
Protection Agency [U.S. EPA], 2010). NO

2
 

principally acts as an irritant on the mucosa 
of the eye, nose, and throat as well as the 
rest of the respiratory tract and can decrease 
lung function in those with pulmonary dis-
ease (U.S. EPA, 2010).

Researchers are become increasingly wor-
ried, however, about the neurological effects 
of NO

2
. In a study of schoolchildren in 

China, researchers found a significant asso-
ciation between air pollution, particularly 
levels of NO

2
, and poorer results on neu-

robehavioral tests designed to measure the 
children’s sensory, motor, and psychomotor 
functions (Wang et al., 2009). A separate 
study examined the effects of indoor NO

2
 

exposure from gas appliances in children 
and found a dose-response effect between 
NO

2
 levels and cognitive outcomes such as 

overall cognitive function, verbal abilities, 
and executive functioning (Morales et al., 
2009). Children with greater exposure to 
NO

2
 also had an increased risk of develop-

ing attention-deficit hyperactivity disorder 
(Morales et al., 2009).

Other studies have not focused solely on 
the harmful effects of nitrogen dioxide but 
on air pollution’s effects as a whole. Using 
black carbon as a marker for air pollution 
in an urban birth cohort study, Suglia and 
co-authors (2008) found that increased 
amounts of black carbon were predictive 
of decreased cognitive function based on 
assessments with the Kaufman Brief Intel-
ligence Test as well as on the Wide Range 
Assessment of Memory and Learning. In 
addition, a separate study of air pollution 
comparing children living in Mexico City to 
those living in less polluted areas of Mexico 
found significant deficits in the areas of 
fluid cognition, memory, and executive 
functions among the Mexico City children 
(Calderón-Garcidueñas et al., 2008).

Adults
Air pollution may be equally detrimental to 
the developed and mature nervous systems 
in adults. In a study using national data on 
pollution levels and neurobehavioral test 
results from the Third National Health and 
Nutrition Examination Survey, Chen and 
Schwartz (2009) found a significant asso-
ciation between ozone levels and decreased 
test results after adjusting for sociodemo-
graphic factors. These findings are limited, 
however, by the authors’ use of older data, 
indicating the need for further examination 
in a longitudinal study (Chen & Schwartz, 
2009). The elderly may be particularly at 
risk for the potential health effects of air 
pollution. In a study conducted on elderly 

residents of urban China, increases in air 
pollution were associated with difficulties 
in cognitive functioning as well as perform-
ing activities of daily living (Sun & Gu, 
2008). Among elderly women in Germany, 
an association as well as a dose-response 
relationship was found between long-term 
exposure to traffic-related air pollution 
and mild cognitive impairment (Ranft, 
Schikowski, Sugiri, Krutmann, & Kramer, 
2009). Increased levels of ambient traffic-
related air pollution (as marked by black 
carbon) was also associated with decreased 
cognitive function in a separate study of 
older men in the U.S. (Power, Weisskopf, 
Coull, Spiro, & Schwartz, 2011). Some 
researchers have expressed concern that 
these declines in cognition due to air pol-
lution could be precursors to neurodegen-
erative diseases such as dementia and AD 
(Block & Calderón-Garcidueñas, 2009).

Potential Mechanisms of Action
Regarding the causal mechanism between 
air pollution and its potential negative health 
effects, human studies have suggested the 
brain as a potential target for injury, but the 
cross-sectional design often utilized in these 
studies makes it difficult to determine whether 
exposure to polluted air occurs before or after 
the negative cognitive effects are present. One 
of the first studies focused on findings in feral 
dogs exposed to polluted urban environments 
(Block & Calderón-Garcidueñas, 2009), and 
found damage to parts of the brain linked to 
the nasal pathway, such as the olfactory bulb, 
implicating the nasal pathway as a potential 
entry way for pollutants (Calderón-Garci-
dueñas et al., 2010). In the future, imaging 
studies in the brain and nervous system may 
provide clues as to which areas are most vul-
nerable. A study in mice exposed to air pol-
lution identified the dorsal vagal complex as 
a potential target (Villarreal-Calderon et al., 
2010). In addition, examination by brain MRI 
of children and dogs in Mexico City exposed 
to air pollution showed the prefrontal cortex 
as a potential target as white matter hyper-
intense lesions were found there (Calderón-
Garcidueñas et al., 2008).

A study using animal as well as human 
models identified multiple potential path-
ways for damage to the brain and central 
nervous system (Block & Calderón-Garci-
dueñas, 2009), including neuroinflamma-
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tion, altered immune system responses, 
aggregation of proteins, and the direct 
toxic effects of the pollutants themselves 
(Block & Calderón-Garcidueñas, 2009). 
Air pollutants are thought to increase pro-
inflammatory signals in the body as a 
whole, eventually leading to inflamma-
tion in the brain and thereby also affecting 
the immune system (Block & Calderón-
Garcidueñas, 2009). Inflammation and 
changes in immune system cells, such as 
microglia, can result in direct damage to 
brain tissue or damage to the blood-brain 
barrier, potentially making it easier for pol-
lutants to enter and accumulate in the brain 
(Block & Calderón-Garcidueñas, 2009). In 
addition, these pollutants can have direct 
toxic effects on brain tissue. For example, 
ozone is a reactive oxygen species that can 
damage the brain by inducing oxidative 
stress (Block & Calderón-Garcidueñas, 
2009). The presence of multiple mecha-
nisms makes it difficult to determine which 
effect is most responsible for the damaging 
effects and underscores the need for further 
research in this area.

Organic Compounds

Children
Concern about the class of organic chemi-
cal compounds known as polychlorinated 

biphenyls (PCBs) is not new. Although 
PCBs are commonly used as dielectrics in 
electrical equipment, fears about their tox-
icity and persistence in the environment 
led to a ban by the U.S. Congress in 1979 
and by the Stockholm Convention on Per-
sistent Organic Pollutants in 2001 (Porta 
& Zumeta, 2002). Due to their strong 
chemical and biological stability, however, 
concerns about the effects of PCBs still lin-
ger. PCBs can accumulate in food chains 
and are found in animal tissues (Ribas-
Fitó, Sala, Kogevinas, & Sunyer, 2001). 
Currently, the greatest source of PCB expo-
sure in humans is food, particularly fish 
and animal fats (Ribas-Fitó et al., 2001).

A literature review conducted approxi-
mately a decade ago reported an associa-
tion between PCB exposure and adverse 
cognitive effects (Ribas-Fitó et al., 2001). 
A more recent study also found the same 
relationship (Korrick & Sagiv, 2008). 
Prenatal exposure to PCBs also appears 
to have deleterious effects (Jacobson & 
Jacobson, 2002; Park et al., 2010). One of 
these studies, however, also found that in 
children prenatally exposed to PCBs who 
were also breast-fed, no negative effects 
were evident, suggesting a possible role 
of the beneficial nutrients in breast milk 
offsetting the effects of PCBs (Jacobson & 
Jacobson, 2002).

Dioxins are another set of organic chemi-
cal pollutants that have growing health con-
cerns. Also known as polychlorinated 
dibenzo-p-dioxins (PCDDs), dioxins are 
persistent environmental contaminants 
produced as byproducts of industrial pro-
cesses, such as incineration, smelting, and 
refining (Tuomisto et al., 2011). Like PCBs, 
dioxins are highly stable and can accumulate 
in animals, particularly in their fat stores 
(Tuomisto et al., 2011), where exposure to 
humans can occur via diet in addition to 
industrial exposure.

A few studies have linked dioxins to 
cognitive or neurobehavioral deficits. Peri-
natal dioxin exposure was associated with 
decreases in cognitive and motor abilities 
(Schellart & Reits, 2008). Prenatal dioxin 
exposure has also been implicated as a 
potential risk factor (Vreugdenhil, Lant-
ing, Mulder, Boersma, & Weisglas-Kuperus, 
2002). A study conducted in Japan warned 
about the potential neurobehavioral effects 
of dioxins to the offspring of heavy fish con-
sumers or residents living near a solid waste 
incinerator (Yoshida, Ikeda, & Nakanishi, 
2000). A separate study, however, found no 
decreases in the cognitive test performance 
of children potentially exposed to dioxins 
by breast-feeding (Patandin et al., 1999), 
again raising the possibility that breast-feed-
ing confers specific protective benefits to 
counteract the effects of the dioxins.

Adults
In addition to the potential effects on chil-
dren, PCBs and dioxins may also have 
harmful effects on adults. Fewer studies, 
however, have explored these links. Con-
cern is growing about the links between 
PCB exposure and impairments in cognitive 
functions in adults and older adults, with 
potential links to dementia (Lin, Huang, 
Yeh, Kuo, & Ke, 2010). It has been sug-
gested that neurocognitive deficits occur 
only in women with PCB exposure, not 
exposed men (Lin, Huang, Yeh, Kuo, & Ke, 
2008). Dioxin exposure in adults is also a 
concern. Air Force veterans exposed to high 
dioxin levels while serving in the Vietnam 
War have demonstrated decreases in several 
measures of memory functioning (Barrett, 
Morris, Akhtar, & Michalek, 2001). The 
amount of literature on this topic is lim-
ited, however, due to the focus on children. 

Summary of Sources and Potential Mechanisms of Action  
for Pollutants

Pollutant Source of Exposure Potential Mechanisms of Toxicity

Lead Paint from old buildings
Soil near heavily used streets and 
roads or factories

Increased oxidative stress
Stimulation of apoptosis
Impairment of neurotransmitter release

Mercury Consumption of fish and shellfish 
(particularly shark, swordfish, king 
mackerel, and tilefish)

Disruption of protein structure and function
Increased oxidative stress, lipid peroxidation, 
and mitochondrial dysfunction

Air pollution Factories, automobiles, and other 
machinery

Neuroinflammation
Altered immune system response
Aggregation of proteins
Direct toxic effects

Polychlorinated 
biphenyls 

Consumption of fish and animal fats Impairment of neurotransmitter release
Disruption of intracellular signaling
Hormonal imbalance
Altered neuronal connectivity

Dioxins Consumption of animal fats Interaction with aryl hydrocarbon 
hydroxylase receptor

TABLE 1
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Clearly, further research is needed to evalu-
ate the significance of these associations.

Potential Mechanisms of Action
The potential mechanism by which PCBs 
or dioxins exert their effects is unclear. A 
comprehensive review by Kodavanti (2005) 
examined three possible mechanisms: 
decreased release of neurotransmitters, 
disruption of intracellular signaling, and 
hormonal imbalances. A study by Lein and 
co-authors (2007) investigated the effect of 
PCB exposure on neuronal connectivity in 
rats and found PCBs altered connectivity 
in critical regions in the brain such as the 
hippocampus, cerebellum, and cortex, but 
similar evidence in humans is lacking. Hor-
monal imbalance is another concern. In a 
study of rats, PCBs interfered with the neu-
roendocrine system, resulting in impaired 
sexual differentiation of the female hypo-
thalamus (Dickerson, Cunningham, Pati-
saul, Woller, & Gore, 2011). PCBs may also 
alter the brain capillary endothelium, as a 
study in mice found (Seelbach et al., 2010).

The biological mode of action for dioxin’s 
effects is also unknown. One possibility is 
dioxin’s interaction with the aryl hydrocar-
bon hydroxylase (Ah) receptor (Charnley & 
Kimbrough, 2006). Binding to the Ah recep-
tor up-regulates enzymes such as the P450 
cytochromes, which are responsible for both 
activating and deactivating toxins (Charn-
ley & Kimbrough, 2006). It is currently 
unclear how exactly the deficits in neuro-
cognition may result, however. A summary 
of the sources and potential mechanisms of 
toxicity for the pollutants mentioned can be 
found in Table 1.

Sociodemographic Issues
An important consideration of the negative 
impact of pollution on humans is whether 
it may affect certain socioeconomic groups 
more than others. For example, in terms of 
lead exposure, blood levels higher than the 
CDC’s previous threshold of 10 µg/dL are 
much more common among minority chil-
dren, children in low-income families, and 
children living in older homes (Bellinger, 
2008). Similar patterns are seen for mercury 
(Friere et al., 2010). Although air pollution 
is generally thought to affect individu-
als more equally, this may not be the case. 
In a study of more than 150,000 public 

schoolchildren in Orange County, Florida, 
it was found that Hispanic and African-
American children had greater expo-
sure to air pollution than Caucasian chil-
dren, and African-American children had 
greater exposure than Hispanic children 
(Chakraborty & Zandbergen, 2007). PCB 
exposure follows similar trends. Korrick 
and Sagiv (2008) concluded that a sociode-
mographic disadvantage may enhance PCB 
toxicity while a sociodemographic advan-
tage may mitigate PCB toxicity.

Sociodemographic findings are important 
for identifying individuals with potentially 
greater risk of exposure and subsequent 
negative outcomes. For example, living in 
urban areas, where exposure is greater and 
where minority groups make up a larger 
percentage of residents, may be respon-
sible for these findings (Chen & Schwartz, 
2009). Living in rural areas presents its 
own unique risks due to greater exposure 
to agricultural pesticides such as organo-
phosphates (Lizardi, O’Rourke, & Morris, 
2008). Questions about unequal exposure 
to pollutants are important areas for further 
study and may provide significant insight 
into developing strategies to mitigate the 
risks of exposure.

Discussion
An important consideration discussed by 
Winneke (2011) is that when studying pol-
lutants, IQ is generally used to quantify the 
effects on neurological function. Although 
this is useful in determining regulatory cut-
offs, it is not as helpful in clinical settings 
(Winneke, 2011). Instead, assessment tools 
that focus on particular areas such as execu-
tive function measures or outcome mea-
sures can be used to assess specific effects 
rather than global effects. For example, use 
of specific screening instruments for mild 
cognitive impairment, a precursor stage 
that often leads to dementia, can be used to 
investigate the role of lead and mercury in 
the development of neurodegenerative dis-
orders. Overall, these tools were created on 
a neuropsychological basis and relate to spe-
cific neurologic disorders and are therefore 
better equipped to identify problem areas 
and lead to the development of appropriate 
interventions (Winneke, 2011).

The findings from the above studies sug-
gest how exposure to these toxic pollutants 

can result in neurological defects. One major 
issue with these studies, however, is that it 
is often difficult to determine if exposure 
to the pollutants is the true cause of these 
defects. For example, exposure to the pol-
lutants may have occurred after neurologi-
cal effects were present. Or perhaps a known 
or unknown confounding variable may be 
responsible for the effects. For example, 
socioeconomic or genetic risk factors may 
play a role. Another issue is that the people 
in the study may have differing levels of 
exposure, making it difficult to quantify a 
potential dose-response relationship.

In vitro studies may only be able to fill in 
some of the gaps left by population stud-
ies. Using cell cultures, researchers may be 
able to deduce the mechanisms of action 
of toxins and pollutants on a cellular and 
biochemical level. As pointed out by Can-
non and Greenamyre (2011), however, 
these studies cannot reproduce the com-
plexity of the human nervous system, and 
therefore are not able to model the patho-
genesis of these neurological defects. Ani-
mal studies may potentially serve as the 
best way to study pollution’s effects until 
more superior research methods are devel-
oped. In animal models, exposure can be 
quantified and assessed methodically. This 
is especially important for air pollution, 
which is particularly difficult to quantify 
exposure in human studies. Animal mod-
els may also serve as a way to model the 
mechanisms of action of pollutants on the 
nervous system as a whole, rather than 
just on a cellular level.

One potential future area of study is the 
difference in impact on neurologic function 
between prenatal exposure and postna-
tal exposure. As discussed earlier, prenatal 
exposure to lead, mercury, PCBs, and diox-
ins has been linked to neurological effects. 
One critical difference between these expo-
sure periods is the route of exposure. Dur-
ing the prenatal period, the developing fetus 
is exposed to pollutants via the bloodstream 
through the placenta and umbilical cord. 
Postnatal exposure may occur through dif-
ferent routes such as inhalation, ingestion, 
absorption, etc. In particular, it would be 
interesting to study if air pollution expo-
sure (which occurs through an inhalation 
route after birth) has neurodevelopmental 
effects in fetuses exposed via the blood-
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stream through umbilical cords. Although 
many have studied the effects of smoking 
during the prenatal period, the effects of air 
pollution as a whole during this same time 
period are unknown.

Conclusion
Pollution is a significant and complex 
problem that affects infants, children, 
adults, and seniors. Airborne and organic 
chemical pollutants have received less 
attention in the literature than heavy met-
als but are a growing cause for concern. 
Even though the deleterious effects of 
heavy metals such as lead and mercury 
have been well studied, there is a grow-
ing debate over newly proposed methods 
of exposure as well as what amount of 
exposure is unsafe. In addition, significant 
concern exists that air pollution can signif-
icantly affect the developing nervous sys-
tems of children as well as the mature ner-
vous systems of adults. Researchers have 
thus far been unable to pinpoint the exact 
mechanisms of injury. Air pollution may 
act via multiple pathways, imparting wide-
reaching effects on the brain and central 
nervous system. Organic chemical pol-
lutants such as PCBs and dioxins also are 
increasingly viewed as emerging threats 
due to their prolonged persistence in the 
environment and ability to accumulate in 

food chains. Future studies must explore 
the effects of PCBs and dioxins on adult 
populations. Evidence from the study of 
sociodemographic factors provides impor-
tant and compelling data to prompt fur-
ther consideration of pollution exposure 
and effects across different populations. 
Careful study of exposure levels for differ-
ent socioeconomic groups is an important 
study for future research in order to iden-
tify at-risk groups.

A popular technique in assessing the neu-
rological effects of pollutants is the use of 
global measures such as IQ, which is useful 
for determining cutoffs and acceptable levels 
of exposure. The use of specific scales and 
outcome measures in future studies may 
be more useful clinically. Another poten-
tial area of study in the future is comparing 
the effects of pollutants in prenatal versus 
postnatal time periods. Differing routes of 
exposures as well as different developmental 
stages may lead to different effects.

The difficulty with studying the effects of 
pollutants on the nervous system via human 
studies is that exposure is hard to quantify. In 
vitro cell culture studies may elicit the mech-
anisms of action of pollutants on a cellular 
level but cannot reproduce the complexity 
of the nervous system. Animal studies allow 
exposure to be quantified in a more complex 
model, but results may not be comparable 

to human studies. Improvements in brain 
imaging studies may provide more helpful 
clues in the future. Treatment and preven-
tion become a reality only when the underly-
ing mechanisms are fully understood.

Combatting these effects of pollu-
tion requires an interdisciplinary approach 
that encompasses multiple professions and 
fields of study. For example, public health 
officials can use public outreach programs 
to educate vulnerable populations on how 
to reduce exposure. Multidisciplinary 
research in the fields of biology, chemistry, 
ecology, neurology, and more can address 
gaps in the science and better identify the 
mechanisms and potential effects of differ-
ent pollutants on the brain while potentially 
shaping public health policy, contributing 
to legislation and regulation, and stimulat-
ing research and development of environ-
mental technologies. 
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Cell phone usage in the U.S. has ballooned 
over the past 15 years, from 33.8 million 
subscribers in 1995 to an estimated 285.6 
million in 2010 (Cellular Telephone In-
dustries Association, 2012). Global mea-
sures of cell phone adoption are even more 
impressive; the five billionth subscriber 
was recorded on July 8, 2010 (Ericsson, 
2010). While cell phone popularity is ris-
ing, efforts to recycle cell phones remain 
unpopular worldwide. The average cell 
phone is expected to last five years, and 
most Americans replace their cell phone 
every 12 months, usually because their 
contract has expired or they desire a phone 
with new features (Pasternak, 2009). In 
2009, an estimated 141 million cell phones 
were discarded. Of these, only about 8%, 
or 11.7 million cell phones, were recycled 
(U.S. Environmental Protection Agency 
[U.S. EPA], 2011a). It would seem the 
general public in the U.S. is either unaware 
of the harm done to the environment by 
disposing of phones incorrectly, or they 
think that the inconvenience of recycling 
outweighs the benefits. 

We believe that cell phone recycling 
is particularly important because (1) 
cell phones contain materials that are 
toxic when disposed of improperly, and 
(2) reclaiming reusable materials would 
reduce the demand for a trade in rare 
minerals that is fraught with unsafe and 

abusive labor practices. If phone recy-
cling remains unpopular, the growing 
volume of electronic waste (e-waste) will 
produce an increasingly serious threat to 
the health of humans, animals, and the 
ecosystems they share. 

The Environmental Impact  
of Discarded Mobile Devices
When mobile devices, such as cell phones, 
are discarded in landfills, three main com-
ponents—the circuit board, liquid crystal 
display, and rechargeable battery—leach 
toxic metals into the environment (U.S. 
EPA, 2011b), which can cause adverse 
impacts on human health and the environ-
ment. The components of this waste are 
plastics (about 40% of the waste), metals 
(about 40%), and ceramics/trace materi-
als (about 20%), all of which are known to 
contain “persistent toxins” that remain in 
the environment, often for centuries (U.S. 
EPA, 2011b). 

While some plastics are relatively stable, 
brominated flame retardants (BFRs) used in 
plastics to prevent electronics from catch-
ing on fire are known to be persistent, bio-
accumulative, and toxic to both humans 
and the environment (U.S. EPA, 2011c). 
Several studies have shown that PentaBDE, 
a specific isomer of a group of BFRs, has 
deleterious morphological, hormonal, and 
immunological effects on tested mammals. 

OctaBDE, another isomer of the group of 
BFRs, is associated with detrimental mam-
malian fetal effects that result in reduced 
ossification, bent ribs, and limp bones 
(Darnerud, 2003). Although the U.S. Envi-
ronmental Protection Agency (U.S. EPA) 
has expressed an intention to begin regu-
lating BFRs, some reports indicate that lev-
els were continuing to increase as of 2009 
(U.S. EPA, 2011c).

Cell phones also contain metal compo-
nents, such as lead, nickel, and beryllium. 
Similar to BFRs, various lead-based com-
pounds are highly persistent in the envi-
ronment for prolonged periods of time. A 
blood concentration of less than 10 µg/
dL can affect neurological development in 
humans (Bellinger, 2008a, 2008b; Chen, 
Cai, Dietrich, Radcliffe, & Rogan, 2007; 
Gould, 2009; Lanphear, Burgoon, Rust, 
Eberly, & Galke, 1998). Unfortunately, 
many people suffer lead poisoning with-
out identifying the cause of their symp-
toms because ingestion of small amounts 
of lead has few early physical manifesta-
tions and the effects become more pro-
nounced only after long periods of time. 
As a by-product of e-waste, lead has nega-
tively impacted the health of workers at 
poorly regulated e-waste recycling plants. 
For example, in Guiyu, China, where 
60%–80% of families work at e-waste 
recycling plants with unsafe recovery 
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processes, 81.8% of children were shown 
to have blood lead levels higher than 10 
µg/dL (Huo et al., 2007). By comparison, 
the national average of children with lead 
poisoning in the U.S. is only 1.4%, signifi-
cantly lower than the prevalence in Guiyu 
(Iowa Department of Public Health, 
2010). Funneling old phones into pro-
grams that maintain safe recycling prac-
tices could reduce the amount of e-waste 
that is shunted towards under-regulated 
recycling plants, or force underperform-
ing plants to implement competitive 
safety measures to decrease the rates of 
lead poisoning in such settings. 

While nickel and beryllium poisoning 
is less common than lead poisoning, their 
effects can be equally problematic in terms 
of human health. The most commonly 
reported adverse health effect from nickel 
exposure is contact dermatitis result-
ing from an allergic reaction (Agency for 
Toxic Substances and Disease Registry 
[ATSDR], 2005). Prolonged exposure to 
nickel can result in a spectrum of respi-
ratory diseases as a consequence of lung 
inflammation, edema, and fibrosis (Phil-
lips, Green, Davies, & Murray, 2010). Fur-
thermore, studies have confirmed a posi-
tive association between lung cancer and 
exposure to nickel compounds such as 
nickel subsulfide and nickel oxide (Bev-
eridge, Pintos, Parent, Asselin, & Siemi-
atycki, 2010; Landolph, Verma, Ramnath, 
& Clemens, 2002). These carcinogenic 
effects are most pronounced among occu-
pationally exposed workers in nickel min-
ing and stainless steel production, but 
the general public may be at risk as well 
(ATSDR, 2005). 

Similarly, beryllium poisoning is most 
often associated with occupational expo-
sure. Acute lung damage can occur through 
beryllium inhalation if it is present at suf-
ficient levels in the air (greater than 1,000 
µg/m3). Furthermore, those who become 
sensitized to beryllium may develop 
chronic beryllium disease, an inflamma-
tory reaction in the respiratory tract that 
results in shortness of breath, chest and 
joint pain, dry coughs, and fatigue. As 
with nickel, beryllium is associated with 
an increased risk of lung cancer (ATSDR, 
2010; University of California San Fran-
cisco Medical Center, 2009). 

While the environmental impact of toxic 
compounds in discarded mobile devices is 
readily apparent, the circumstances under 
which e-waste accumulation directly con-
tributes to toxic levels of exposure to 
BFRs, lead, nickel, and beryllium in that 
waste have not been extensively investi-
gated. With the increasing global burden of 
e-waste, including cell phone waste, human 
health impact is an area that requires fur-
ther research. 

The Human Cost of Minerals 
Used in Electronics
Mobile device recycling programs also 
have the potential to minimize the human 
and environmental costs of mineral min-
ing in regions with ineffectual human 
rights protections. Since 1996, when a 
Rwandan invasion of the Democratic 
Republic of Congo (DRC) triggered a 
widespread political splintering, a num-
ber of armed factions have struggled to 
maintain control of the enormous min-
eral wealth in the eastern mountains of 
the country. Using violence to seize land 
and coerce civilians into mining, often 
under extremely hazardous conditions, 
these groups have funded their military 
pursuits for 14 years on so-called “con-
flict minerals (Polgreen, 2008).” 

In many cases, the economic wealth 
gleaned from these operations—between 
$144 million and $218 million per mine 
per year—has been so substantial that the 
original political agendas have been aban-
doned in favor of securing absolute control 
over mining and laborers (Schure, 2010). 
To this end, some of the most appalling 
human rights abuses have been commit-
ted, including rape, torture, murder of 
unarmed individuals, looting, recruiting 
children as soldiers, and the forced relo-
cation of hundreds of thousands of people 
(Global Witness, 2009; United Nations 
News Centre, 2009). 

The term “conflict minerals” refers to 
several highly lucrative and commonly 
mined metallic ores including coltan, 
wolframite, and cassiterite, all of which 
are refined into precious metals (tanta-
lum, tungsten, and tin, respectively) that 
form essential components of cell phones 
(Mineral Information Institute, 2010). 
Most manufacturing companies acquire 

these rare minerals through middlemen 
in East Asia via Rwanda or Burundi, indi-
rectly funding the warring parties in the 
DRC and maintaining demand for their 
ill-gotten goods (Litvinsky, 2009). Instead 
of obtaining virgin precious metals, a 
much greater portion of the precious met-
als used in mobile device manufacturing 
could be reclaimed from old cell phones 
through appropriate recycling processes 
(Mooallem, 2008). Thus, the casual dis-
posal of cell phones indirectly enables 
illicit mining operations to thrive by 
depriving the market of precious metals 
that could otherwise be reused for manu-
facturing new phones.

The Need for Mobile Device 
Recycling
Given the grave toxicities and human 
rights abuses that result from improperly 
processed e-waste, a stronger impetus 
than ever exists to develop safe, appealing, 
and effective recycling programs. While 
public entities such as U.S. EPA certainly 
have a role to play in regulating e-waste 
management, a possibility exists for pri-
vate entities to treat discarded phones as 
an opportunity and to initiate recycling 
programs that drive consumer behavior 
directly. Currently, most major cell phone 
companies have recognized the need for 
cell phone recycling and are accepting 
unwanted cell phones at many of their 
retail locations nationwide (U.S. EPA, 
2013). Despite these efforts, however, 
only about 10% of discarded cell phones 
in the U.S. by weight are recycled (U.S. 
EPA, 2013). These disappointing statis-
tics may stem from being unaware of the 
environmental implications of e-waste, the 
perceived inconvenience of recycling, the 
belief that old or broken phones are devoid 
of value, or the lack of obvious benefits for 
the phone recycler. 

In the second part of this article, we 
discuss an initiative that aims to increase 
recycling rates by linking phone recycling 
to a charity that uses mobile phones to 
strengthen health services in the develop-
ing world. Through such initiatives, a dis-
carded mobile device may be reimagined 
as an opportunity by those who embrace 
the ethos of green responsibility and the 
integrity of human life.
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In part 1 of this commentary, we detailed 
the environmental health, human health, 
and human rights implications of cell 
phone electronic waste (e-waste) recy-
cling practices in the U.S. Here we describe 
a novel recycling campaign called Hope 
Phones as a case study that aims to address 
many shortcomings of status quo recycling 
programs (of which there are more than 
500; U.S. EPA, 2010). Although hundreds 
of charities exist with thousands of drop-
off points throughout the U.S., cell phone 
recycling rates linger at 8% (U.S. EPA, 
2011). The subtleties of why certain people 
choose to recycle and others do not is dif-
ficult to characterize, but experts agree that 
most people do not recycle because they 
are unaware of the environmental conse-
quences of improper disposal; they do not 
know how to go about recycling phones; 
or the knowledge of environmental harms 
does not outweigh the perceived inconve-
nience of recycling (U.S. EPA, 2010).

The Hope Phones campaign launched 
in August of 2009 with the slogan, “Old 
phones save lives; donate yours to a clinic 
in the developing world today.” This 
national effort was designed to improve on 
current recycling programs by 1) making a 
clear commitment to researching and com-
municating the harm of e-waste, 2) guar-
anteeing the safe recycling of cell phones, 
3) ensuring a simple and painless recycling 
process, 4) supplying phones to support 
mobile health (mHealth) initiatives in 
the developing world, and 5) framing cell 
phone recycling as a donation attached to 
valued social benefits.

Awareness
One explanation for low cell phone recycling 
rates is that the public lacks awareness about 
recycling programs and how they work, a 
barrier identified by the U.S. EPA Office of 
Solid Waste (U.S. EPA, 2012). In the U.S., 
the corporate relationships with cell phone 
consumers play a role in this problem. Cell 
phones are generally manufactured by com-
panies such as LG, Motorola, and Samsung, 
which stand to benefit the most from recy-
cling programs, since reclaimed metals can 
lower the production costs of the next gen-

eration of cell phones. Consumers acquire 
those cell phones and services through carri-
ers such as AT&T, Verizon, and Sprint. Car-
rier companies, unlike manufacturers, have 
little financial investment in whether con-
sumers recycle or not, and so their recycling 
programs generally fall by the wayside with 
minimal advertisement (U.S. EPA, 2010). 
Manufacturing companies have difficulty 
reaching out to consumers about recycling 
because their interaction with them is almost 
entirely mediated through carrier organiza-
tions (U.S. EPA, 2010). 

As a nonprofit campaign that has no 
stake in either the cell phone manufactur-
ing process or the sale of service contracts 
to consumers, Hope Phones has the free-
dom to conduct unbiased independent 
research and advertisement campaigns. 
To increase awareness of cell phone recy-
cling, the Hope Phones campaign built a 
Web site, www.hopephones.org. Addition-
ally, Hope Phones engages potential fol-
lowers via social media outlets including 
Twitter and Facebook, and has attracted 
tens of thousands of visitors to the Web site 
through donated online advertisements. 

The Process of Phone Recycling 
As discussed in part 1 of this commentary, 
nonexistent safety regulations in developing 
world e-waste recycling plants place workers 
at significant health risk. In fact, unsafe recy-
cling practices are associated with among the 
highest levels of toxicity currently reported 
due to the metals in electronics (Huo et al., 
2007). Keenly aware of these practices, Hope 
Phones has partnered with an organization, 
The Wireless Source, that is committed to 
both safe and efficient recycling practices. 
Approximately 40% of recycled cell phones 
cannot be refurbished for reuse and instead 
must be processed through a refining process 
known as “above-ground mining” (GRC 
Wireless Recycling, 2013). At The Wireless 
Source, such cell phones are shredded and 
smelted in a refiner so that valuable metals 
including gold and copper can be reclaimed. 
Simultaneously, a gas-cleaning-and-filtration 
system captures and neutralizes any toxic 
chemicals that are produced (Mooallem, 
2008). By weight, 99.5% of the cell phones 

taken in are converted into a usable form 
(Mooallem, 2008). Each processed cell 
phone contains about one dollar’s worth of 
precious metals, which are then sold to be 
used in the manufacturing of new electron-
ics. Ultimately, recycling cell phones by these 
methods protects workers at the recycling 
plant, saves energy spent on mining new 
metals, provides components to manufac-
ture new cell phones, and keeps potentially 
toxic-yet-usable materials out of landfills. 

(In)convenience
For the average cell phone user, perhaps the 
greatest barrier to recycling is the perceived 
inconvenience of the process. The typi-
cal phone user in the U.S. replaces a phone 
about once per year (Pasternak, 2010), but 
unlike bottles, plastic bags, and other recy-
clable goods that are discarded frequently 
and can be picked up at people’s homes on a 
regular schedule, phones are discarded at low 
volumes without home pickup. As a result, 
phone recycling is viewed to be less con-
venient than other forms of recycling. Even 
those who are aware of phone recycling are 
often unwilling to find a company that will 
accept a one-phone shipment, procure and 
address a package, and pay for shipping. Hope 
Phones addresses this problem by simplify-
ing the recycling pipeline. Anyone with old 
phones can specify how many they wish to 
contribute on the campaign Web site where 
they are then prompted to print out a pre-paid 
shipping label. After placing the phones in a 
box and affixing the shipping label, every-
thing can be shipped to The Wireless Source 
at no cost to the recycler. For donations of 20 
or more phones, clients can have a box sent to 
their home or workplace free of charge. 

While the availability of online ship-
ping labels promises to bring many people 
who are on the margin into the recycling 
fold, this system does not provide a tan-
gible reminder of recycling in the way that 
conventional bins do. To simultaneously 
increase convenience and visual awareness, 
the Hope Phones campaign also developed 
drop boxes that can be sent to larger dona-
tion sites. To date, more than 1,000 collec-
tion boxes have been distributed through-
out college campuses and large workplaces.

Part 2: A Solution
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Hope Phones and Medic Mobile
The centerpiece of the Hope Phones cam-
paign is the conversion of cell phone recy-
cling into a tangible social good through 
its relationship with the nonprofit Medic 
Mobile. In the developing world, lack of 
infrastructure prevents community health 
workers (CHWs) from delivering efficient 
health care to rural areas. These CHWs are 
responsible for coordinating care between 
physicians and patients who are located 
at a distance from central clinics. Unfor-
tunately, as CHWs travel from clinics to 
reach isolated patients (often on foot) 
they are as disconnected from physicians 
as the patients they are trying to serve. 
Medic Mobile helps clinics overcome these 
barriers by utilizing free and open source 
software applications that enable instan-
taneous two-way communication between 
CHWs and clinical workers. These tools 
rely on short message service (SMS) mes-
sages and can operate wherever a cell 
phone signal is present. By equipping 
CHWs with cell phones and clinics with 
a laptop running the necessary software, 
Medic Mobile has allowed clinics to triage 
emergency medical care, remotely monitor 
patient medication adherence, and drasti-
cally cut back on transportation and fuel 
costs, among other benefits (Mahmud, 
Rodriguez, & Nesbit, 2010).

Hope Phones funds the purchase of 
mobile phones and hardware for Medic 
Mobile through proceeds from the recycling 
and resale of used cell phones. The average 
donated phone can be exchanged for about 
two basic cell phones which, when put in 
the hands of health workers, can each give 
50 families access to emergency medical 
care, health information, transport services, 
and clinic resources that would otherwise be 
less accessible. Since Hope Phones’ incep-
tion in 2009, over 30,000 cell phones have 
been recycled through the campaign (for a 
monetized value of more than $50,000), but 
given the rate of expansion of Medic Mobile 
and its planned field sites, the organization 
will need far more (Hope Phones, 2010). 
Based on current figures, if even 1% of the 
cell phones discarded annually in the U.S. 
were recycled, one million CHWs world-
wide could be given cell phones. The Hope 
Phones campaign looks to bridge this gap by 
moving the public into action through dem-
onstrated efficacy, tangible social returns, 
and the conviction that one phone donated 
to Hope Phones will have a greater impact 
than one recycled conventionally.

The Perceived Value of a 
Recycled Phone
The collaboration between Hope Phones 
and Medic Mobile serves the dual purpose 

of generating funding for mHealth pro-
grams and changing the way that individu-
als perceive phone recycling. Many regard 
the recycling of a phone in exchange for 
a few dollars as impractical or not worth-
while. The importance of even very small 
donations to humanitarian causes, how-
ever, makes the acquisition of funds on 
their behalf both more acceptable and 
socially promoted. For this reason, Hope 
Phones rebrands cell phone recycling as 
cell phone donation. For many, the con-
cept of long-term environmental damage 
may seem distant and amorphous, easily 
unhinging lax cell phone recycling from 
this process. Shortcomings in health care 
provisions, by contrast, are relatable to 
the American public en masse, and the 
idea that an old cell phone can fill these 
gaps for many less fortunate patients can 
be both moving and appealing. This is the 
aspirational component of the campaign, 
that a technological relic void of value for 
one person can be repurposed to bring 
hope (and health care) to others. 

Corresponding Author: Nadim Mahmud, 
Graduate Student, Stanford University 
School of Medicine, 122 Gotschal Road, 
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Introduction
Type 1 diabetes is a heterogeneous disease 
involving genetic, environmental, and auto-
immune mechanisms (Akerblom, Vaarala, 
Hyoty, Ilonen, & Knip, 2002). That envi-
ronmental factors play a central role is sup-
ported by the clear seasonal variation in the 
diagnosis of the disease (Padaiga et al., 1999) 
and its increasing incidence in many coun-
tries (Patterson et al., 2009). Several studies 
have also indicated different incidence rates 
and geographical variation between, and 

within, countries (Rytkonen et al., 2001; 
Samuelsson & Löfman, 2004). 

Moreover, the offspring of an Asian 
transmigratory population showed a rising 
incidence of type 1 diabetes approaching 
that of the indigenous English population 
(Bodansky, Staines, Stephensen, Haigh, & 
Cartwright, 1992).

Several studies have found spatial clus-
tering at the time of diagnosis (Cherubini et 
al., 1999; Staines et al., 1997). We and oth-
ers have also reported time-space clustering 

at diagnosis (Law et al., 1997; Samuelsson, 
Carstensen, Johansson, & Ludvigsson, 
1994). Furthermore, evidence has been 
produced of time-space clustering of date 
of birth in children who later develop dia-
betes (Dahlquist & Källen, 1996). 

The studies of spatial clustering have 
shown that the incidence is higher in rural 
than in urban areas (Rytkonen et al., 2003; 
Staines et al., 1997) and higher in high-
lands than in lowlands (Patterson, Smith, 
& Webb, 1988). Socioeconomic factors may 
also influence the risk of developing diabe-
tes, with a lower incidence in deprived areas 
and in areas with a high population density 
and overcrowding (Staines et al., 1997).

Several studies have examined the rela-
tionship between the risk of disease and 
compounds in drinking water (Zhao et al., 
2001), as well as the acidity of the water 
(Stene, Hongve, Magnus, Ronningen, & 
Joner, 2002). It has been suggested that 
zinc, and to some extent copper and mag-
nesium, have a protective effect against 
developing diabetes (Haglund, Rycken-
berg, Selinus, & Dahlquist, 1996; Zhao et 
al., 2001), whereas high levels of nitrate/
nitrite, mercury, and arsenic in drinking 
water may increase the risk (Lai et al., 
1994; Parslow et al., 1997; Zhao et al., 
2001). In contrast, however, some stud-
ies have found that no obvious associa-
tions exist between nitrate/nitrite, vana-
dium, and chromium and the risk of dia-
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factors contribute to geographical variation in the incidence of type 1 

diabetes. All children diagnosed with type 1 diabetes in southeastern 

Sweden during 1977–2006 were defined geographically by their place of 

residence and were allocated x and y coordinates in the national grid. 
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betes (Casu, Carlini, Contu, Bottazzo, & 
Songini, 2000; Haglund et al., 1996).

A previous study from southeast Swe-
den showed a clear geographical varia-
tion in incidence of type 1 diabetes (Samu-
elsson & Löfman, 2004). During a period 
of 25 years (1977–2001) the community 
with the highest incidence in this region 
had an incidence of 52.4/100,000 children 
0–15 years with type 1 diabetes compared 
with an incidence of 14.3/100,000 in the 
community with the lowest incidence. 
A recent follow-up study from the same 
region found that relative socioeconomic 
deprivation influences the incidence of 
type 1 diabetes, with the lowest incidence 
in the most deprived areas (Holmqvist, 
Löfman, & Samuelsson, 2008). The aim of 
our study was to explore whether geologi-
cal factors may contribute to the geographi-
cal variation of incidence of type 1 diabetes 
in the southeast region of Sweden.

As we had no specific hypothesis regard-
ing physiological mechanisms or the geo-
logical factor(s) that might determine the 
risk of diabetes, we simply began a mapping 
exercise using analyzed data from a survey 
of the study area conducted by the Geo-
logical Survey of Sweden (SGU). The den-
sity of the number of analyzed sites varied 
depending on which compound was ana-
lyzed. Using this data-mining approach, our 
study would be able to clarify any spatial 
associations and generate further hypoth-
eses on exposure mechanisms and causality.

Methods

Setting and Population at Risk
In the Swedish health care system, all chil-
dren up to 16–18 years of age with diabe-
tes are diagnosed and treated at pediatric 
clinics. The catchment areas of these clin-
ics form a continuous geographical region 
of 42,356 km2, which, during 1977–2006, 
had a mean population of risk compris-
ing 276,930 children ≤16 years of age. The 
highest figures were seen in 1977 (300,139) 
and 1978 (298,601); the lowest were in the 
final two years of the study period, 2005 and 
2006 (258,453 and 256,682, respectively). 
This variation is due mainly to variations in 
birth rate. Different parts of the study region 
had a similar variation, as seen in the entire 
country during those years. Southeast Swe-

den has five counties (Blekinge, Jönköping, 
Kalmar, Kronoberg, and Östergötland), 49 
municipalities, and 525 parishes. Large 
parts of the region are predominantly rural. 
Each county has one or two pediatric clin-
ics and, by Swedish standards, one or two 
major cities (above 50,000–60,000 inhabit-
ants, all ages included). 

Sampling of Cases and Geocoding  
in a GIS
From the seven pediatric clinics in south-
eastern Sweden, we included all 2,412 
(1,282 boys and 1,130 girls) children ≤16 
years of age who had been diagnosed with 
type 1 diabetes between 1977 and 2006. 

Information regarding date of birth, sex, 
residential address (at the time of diagno-
sis), and date of diagnosis (= first insulin 
injection), was extracted from medical 
records by nurses or doctors in the diabetes 
teams at each clinic. As all cases are regis-
tered locally, we can be sure that the study 
includes all diabetic cases in the region. 
To strengthen this further we compared 
our figures with the reports to the Swed-
ish Diabetes Registry, which is estimated 
to have completeness close to 100%. We 
found complete concordance.

The Swedish population registry is 
updated every year. All patients were linked 
to the registry as recorded on December 
31 for the year of diabetes onset by use of 
the personal identification number that is 
unique to all Swedish citizens. The patients 
were then defined geographically accord-
ing to their place of residence by matching 
the population registry to a national prop-
erty register, as reported in a previous study 
(Kohli, Noorlind Brage, & Löfman, 2000). 
Using this procedure, the x and y coordinates 
in the national grid for the centroids of the 
residences were added to the data file and 
geocoded in GIS (GIS software ArcInfo 9.2). 
We were unable to find the coordinates for 
the place of residence and birthplace of 26 
of the 2,412 children. The remaining 2,386 
children diagnosed with type 1 diabetes in 
southeast Sweden were included and allo-
cated x and y coordinates in the national 
grid. Thirty-three of the 2,386 children were 
diagnosed within the area but lived outside 
and were therefore excluded from the analy-
sis. Furthermore, 1,932 of the 2,353 children 
included were born within the study area 

Minerals in Moraine (1a)  
and Minerals in Brook Water 
Plants (1b) 

1a

Mineral Unit

Group 1–2

Magnesium oxide (MgO) % dry weight
Sodium oxide (Na2O) % dry weight
# Calcium oxide (CaO)  4 % dry weight
Strontium (Sr) % dry weight
Rubidium (Rb) % dry weight
Barium oxide (BaO) % dry weight

Group 3–12

Manganese oxide (MnO) % dry weight
Titanium oxide (TiO2) % dry weight
Iron oxide (Fe2O3) % dry weight
Cobolt (Co) ppma

Copper (Cu) ppm
Nickel (Ni) ppm
Vanadium (V) ppm
Zinc (Zn) ppm
Chromium (Cr) ppm
Molybdenum (Mo) ppm

Group 13–18

Silicon oxide (SiO2)  % dry weight
Phosphorus oxide (P2O5) % dry weight
Aluminium oxide (Al2O3) % dry weight
Chlorine (Cl) ppm
Arsenic (As) ppm
Lead (Pb) ppm

1b

Mineral Unit

Group 3–12

Cobalt (Co) ppm
Chromium (Cr) ppm
Copper (Cu) ppm
Nickel (Ni) ppm
Vanadium (V) ppm
Zinc (Zn) ppm
Cadmium (Cd) ppm
Mercury (Hg) ppm

Group 13–18

Arsenic (As) ppm
Lead (Pb) ppm

Note. These minerals were analyzed by the Swedish 
Geological Survey. The different compounds are 
arranged according to groups in the periodical 
system. 
appm = parts per million.

TABLE 1
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and their birthplace was geocoded in the 
same way as their place of residence at onset.

The population at risk, comprising all chil-
dren 0–16 years of age, were aggregated in 
82,000 200-m squares covering the study area 
and geocoded by the centroid of each square.

Sampling of Environmental Data
We received information about the mineral 
and the pH-value sampling locations from 
SGU. The sampling locations were matched 
to cases and population at risk by a GIS pro-
cedure using a nearest distance method. 
The samples of the different elements (Table 
1a) were taken in moraine 1 m (3.28 feet) 
underground in 6,029 different places in the 
study region. All samples were freeze dried or 
vacuum dried and sifted to <0.06 mm before 
analysis with X-ray fluorescence (radiofluores-

cence) on the C horizon of the moraine. Some 
elements were also analyzed in living brook 
water plants in 6,929 different places (Figure 
1) with the exception of mercury, which was 
analyzed in 1,179 places. The analyses were 
based mainly on roots from Carex species and 
Filipendula antipyretica. The content of the 
oxides are stated in percentage dry weight and 
the trace elements in parts per million. 

The pH values were measured on dried 
samples (0.06 mm) in 977 places within the 
study area (Figure 1). The mean value of 
pH in this area was 5.06 ± 0.5, range 4–8.3. 
We grouped the different areas, regardless 
of the units of measurement, in three quan-
tile intervals: areas with a concentration of a 
mineral <10th percentile; areas with a con-
centration >90th percentile; and areas with 
a concentration in between.

To evaluate the spatial relationship between 
diabetes incidence and barium oxide concen-
tration we first explored data by interpolated 
maps using ordinary kriging. The >6,000 
observations of barium oxide were averaged 
at community level. To conform to a common 
scale, data were converted to their z scores 
and z incidence, and z barium oxide was 
compared in a raster analysis.

Statistical Analysis
The expected number of cases was esti-
mated by using the number of children 
0–16 years of age in southeast Sweden 
during 1995, which was 284,190 children. 
This figure is also rather near the aver-
age number of children in the area during 
1977–2006: 276,930 children.

Calculated Incidence Rate Ratios (IRRs) with 95% Confidence Interval (CI ) for Type 1 Diabetes in Relation 
to Certain Minerals in Moraine and Brook Water Plants in the Area of Residence at the Time of Diagnosis

Variable Range # of 
Squares

Obsa Expa Age 0–16 
Population

IRR (95% CI ) 
Univariate

p-Value Adjusted IRR 
Multivariate

p-Value

Level of barium oxide 
in moraine in the area

>90th perca 4656 96 223 26521 1 (.000*) 1 –
10th–90th 

perc
32949 1719 1807 215122 2.21 (1.80, 2.71) .000 2.21 (1.80, 2.74) .000

<10th perc 6665 538 330 39298 3.78 (3.04, 4.70) .000 3.93 (3.13, 4.94) .000
Level of manganese 
oxide in moraine in 
the area

>90th perc 4896 234 255 30400 1 (.000*) 1 –
10th–90th 

perc
32226 1618 1703 202781 1.04 (0.90, 1.19) .61 1.09 (0.94, 1.27) .27

<10th perc 7148 501 401 47760 1.36 (1.17, 1.59) .000 1.20 (1.01, 1.42) .045
Level of titanium 
oxide in moraine in 
the area

>90th perc 3941 182 189 22482 1 (.024*) 1 –
10th–90th 

perc
36279 1953 1991 236994 1.02 (0.87, 1.19) .82 0.90 (0.77, 1.06) .73

<10th perc 4050 218 180 21465 1.26 (1.03, 1.53) .025 0.96 (0.78, 1.19) .19
Level of zinc in 
moraine in the area

>90th perc 5649 391 368 43767 1 – 1 –
10th–90th 

perc
32993 1679 1723 205181 0.92 (0.82, 1.02) .92 0.89 (0.79, 1.01) .68

<10th perc 5628 283 342 31993 0.99 (0.85, 1.16) .90 0.90 (0.76, 1.08) .22
Level of zinc in brook 
water plants in the 
area

>90th perc 7102 600 587 69996 1 – 1 –
10th–90th 

perc
33581 1600 1617 192544 0.97 (0.88, 1.07) .52 1.06 (0.97, 1.17) .21

<10th perc 3559 153 154 18305 0.98 (0.82, 1.17) .78 0.78 (0.64, 0.93) .007
Level of mercury in 
brook water plants in 
the area

>90th perc 770 34 37 4706 1 (.000*) – –
10th–90th 

perc
8219 440 488 62573 0.97 (0.69, 1.38) .88 – –

<10th perc 960 80 28 3597 3.08 (2.06, 4.61) .000 – –

Note. Logistic regression model.  
aObs = observed number of children 0–16 years of age at diagnosis; Exp = expected number of children; Perc = percentile.  
* = the Chi-squared test for trend (df = 1). 

TABLE 2
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A logistic regression model was per-
formed to assess the significance of the effect 
for each variable (univariate). A regression 
model also performed included several 
variables (multivariate). The variables were 
analyzed in quantile intervals, as described, 
by the regression model. The number of 
cases in each quantile interval was used as 

the dependent variable and the correspond-
ing number of children at risk as offset. SPSS 
version 15.0 was used for the data analysis.

Ethics
Our study was approved by the research ethics 
committee at the Faculty of Health Sciences, 
Linköping University, Linköping, Sweden.

Results
The overall annual incidence during the 
study period 1977–2006 was 28.84 per 
100,000 children 0–16 years of age (10.4 in 
the community with the lowest incidence 
and 52.4 in the community with the highest). 
During the first 25 years of the study period, 
a constant increase in incidence occurred, 

Calculated Incidence Rate Ratios (IRRs) with 95% Confidence Interval (CI ) for Type 1 Diabetes in 
Relation to Certain Minerals in Moraine and in Brook Water Plants in the Area at the Time of Birth 

Variable Range # of 
Squares

Obsa Expa Age 0–16 
Population

IRR (95% CI ) 
Univariate

p-Value Adjusted IRR 
Multivariate

p-Value

Level of barium oxide 
in moraine in the area

>90th perca 4662 82 183 26521 1 (.000*) 1 –
10th–90th 

perc
32640 1411 1484 215122 2.12 (1.70, 2.65) .000 2.30 (1.83, 2.89) .000

<10th perc 6566 439 271 39298 3.60 (2.85, 4.58) .000 3.95 (3.07, 5.09) .000
Level of manganese 
oxide in moraine in 
the area

>90th perc 4885 193 210 30400 1 (.000*) 1 –
10th–90th 

perc
31945 1337 1399 202781 1.04 (0.89, 1.21) .62 1.05 (0.89, 1.24) .58

<10th perc 7049 402 329 47760 1.33 (1.12, 1.58) .001 1.48 (1.21, 1.81) .000
Level of titanium 
dioxide in the area

>90th perc 3903 144 155 22482 1 (.017*) 1 –
10th–90th 

perc
35928 1602 1635 236994 1.06 (0.89, 1.25) .54 0.92 (0.77, 1.09) .33

<10th perc 4018 186 148 21465 1.35 (1.09, 1.68) .007 1.25 (0.98, 1.59) .07
Level of copper in 
moraine in the area

>90th perc 4826 215 247 35779 1 (.000*) 1 –
10th–90th 

perc
32552 1547 1406 203767 1.26 (1.10, 1.46) .001 1.03 (0.86, 1.24) .72

<10th perc 6471 170 286 41395 0.68 (0.56, 0.84) .000 0.51 (0.40, 0.66) .000
Level of lead in 
moraine in the area

>90th perc 4618 171 181 26266 1 (.000*) 1 –
10th–90th 

perc
33202 1546 1432 207483 1.15 (0.98, 1.34) .09 1.29 (1.11, 1.52) .002

<10th perc 6029 1215 326 47192 0.70 (0.57, 0.86) .001 0.64 (0.52, 0.79) .000
Level of nickel in 
moraine in the area

>90th perc 5561 269 298 43134 1 (.000*) 1 –
10th–90th 

perc
34797 1595 1525 220994 1.16 (1.02, 1.32) .027 1.23 (1.03, 1.47) .02

<10th perc 3491 68 116 16813 0.65 (0.50, 0.85) .001 0.79 (0.57, 1.10) .15
Level of zinc in 
moraine in the area

>90th perc 5570 312 302 43767 1 (.03*) 1 –
10th–90th 

perc
32750 1436 1416 205181 0.98 (0.87, 1.11) .77 0.82 (0.71, 0.94) .006

<10th perc 5529 184 221 31993 0.81 (0.67, 0.97) .021 0.86 (0.69, 1.08) .19
Level of zinc in brook 
water plants in the 
area

>90th perc 6993 491 483 69996 1 – 1 –
10th–90th 

perc
33295 1314 1329 192544 0.97 (0.88, 1.08) .60 1.00 (0.90, 1.11) .98

<10th perc 3533 127 126 18305 0.99 (0.81, 1.20) .91 0.67 (0.54, 0.82) .000
Level of mercury in 
brook water plants in 
the area

>90th perc 765 29 31 4706 1 (.000*) – –
10th–90th 

perc
8148 369 413 62573 0.96 (0.66, 1.40) .82 – –

<10th perc 952 72 24 3597 3.25 (2.11, 5.01) .000 – –

Note. Logistic regression model.  
aObs = observed number of children 0–16 years of age at diagnosis; Exp = expected number of children; Perc = percentile.  
* =  the Chi-squared test for trend (df = 1). 

TABLE 3
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Maps of Sampling Locations in the Study Area

Figure 1a shows sampling locations for geochemical variables measured in brook water plant roots, mostly from Carex species and Filipendula antipyretica and comprises 6,929 
sites. Figure 1b shows the 977 locations of pH measurements. The correlation between pH and different geochemical variables was made after geographical matching. For mercury, 
82 analyzed points showed values over detection limit. Figure 1c shows regression of barium oxide over pH, n = 951, R = .07/Adj, R2 = .004, p < .05. Figure 1d shows regression of 
mercury over pH, n = 82, R = 0.305/Adj, R2 = .082, p < .01.

FIGURE 1
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most pronounced during 1995–2001. From 
2002 to 2006 the incidence decreased from 
42.54 to 35.07.

Poisson regression modeling, as men-
tioned earlier in the method section, was 
performed using different quantile intervals 
all variables. For models using one variable 
at a time, three of the elements in Table 1a  
and one element in Table 1b seemed to be 
significantly associated with type 1 diabetes 
at the time of diagnosis. This was most obvi-
ous for barium oxide in moraine and mer-
cury in brook water plants. The incidence 
rate ratio (IRR) was 3.78 (95% confidence 
interval [CI]: 3.04–4.70) in areas with levels 
of barium oxide in the moraine <10th per-
centile. Corresponding figures for mercury 
were 3.08 (95% CI: 2.06–4.61) in areas with 
levels <10th percentile. The other elements 
showing a significant association were man-
ganese oxide and titanium oxide (Table 2). 
When analyzed separately (i.e., only male, 
only females, or a certain age group), males 
and females showed about the same pattern 
as the different age groups (0–5 years, 6–10, 
and 11–16 years of age at diagnosis).

Some of the elements in moraine and in 
brook water plants at the birthplace of chil-
dren who later developed type 1 diabetes 
also differed significantly. The pattern for 
copper, lead, and nickel was the opposite of 
that for the oxides, with lower risk among 
children residing in the areas with levels 
<10th percentile (Table 3). 

When analyzed separately, we found no 
relationship between the levels of zinc in 
brook water plants or zinc in moraine and the 
incidence of diabetes at the time of diagnosis. 
When zinc was included in the multivariate 
model with the other elements, the relation-
ship became significant both at birth and at 
diagnosis. This was most obvious for zinc 
in brook water plants (IRR 0.67 and 0.78, 
respectively, in areas with zinc <10th percen-
tile) (Tables 2 and 3). Mercury in brook water 
plants was not analyzed in this multivariate 
model as there were too few cases exposed 
to the sparse sites analyzed for mercury. We 
also noted in the multivariate analysis that 
the IRR for diabetes increased in areas with 
levels of barium oxide <10th percentile, both 
at diagnosis and at the time of birth. When 
including mercury in the model (only 554 
patients), the IRR for diabetes was 10.5 (95% 
CI: 5.5–19.9.5) in areas with barium oxide 

<10th percentile at the time of diagnosis and 
9.1 (95% CI: 4.7–17.6) at the time of birth.

No association occurred between the inci-
dence of diabetes and pH at diagnosis (IRR 
for pH values <10th percentile 0.98 and 1.02 
for pH values between 10th and 90th per-
centile) or at the time of birth (IRR for pH 
values <10th percentile 0.92 and 1.03 for pH 
values between 10th and 90th percentile). A 
pH value <10th percentile is below 4.5 and a 
pH value >90th percentile is above 5.7. Low 
pH values were related both to a higher con-
centration of barium oxide and to a higher 
concentration of mercury (Figure 1). A weak 
positive relationship occurred between bar-
ium oxide in moraine and mercury in brook 
water plants (R = 0.16, adjusted R2 = 0.024; p 
= .001; n = 446).

When looking at smaller parts of the com-
munity areas, a pattern emerged whereby chil-
dren were diagnosed in areas with the same 
level of the elements in communities with 
high incidence of diabetes as well as in com-
munities with low incidence. For instance, 
both in the community with the highest 
incidence of diabetes in the region and in the 
community with the lowest, the children with 
diabetes were diagnosed in areas with low lev-
els of barium oxide in moraine. Moreover, the 
areas with the same pattern had a tendency to 
be adjacent to each other. For instance, bar-
ium oxide levels <10th percentile and copper 
levels >90th percentile shared the same area 
many times, mostly in areas with high inci-
dence of diabetes.

The trend analysis for the interpolated 
incidence map showed an increasing inci-
dence to the northeast (Figure 2a). In con-
trast, the barium oxide trend showed a 
decreasing trend towards the northeast (Fig-
ure 2c). Although the correlation between 
the variables was not significant, a tendency 
towards an inverse relationship was seen 
(Figures 2a and 2c). A certain geographical 
autocorrelation occurred for barium oxide, 
which showed a more clustered pattern than 
the incidence (Figures 2b and 2d) (Moran’s 
Index for barium oxide was 0.57; p < .01).

Discussion
To the best of our knowledge, the present 
study is the first ecological analysis of the 
risk of type 1 diabetes in relation to miner-
als in moraine and brook water plants in the 
neighborhood of residential areas. It must, 

however, be considered a pilot study and 
therefore requires confirmation from similar 
studies of different populations in the future.

The Swedish medical system provides treat-
ment at a pediatric department for all children 
with diabetes up to 16–18 years of age. We 
are, therefore, confident that all children 
with newly diagnosed diabetes in the area are 
included. As reported in an earlier study from 
this region (Samuelsson & Löfman, 2004), 
no substantial differences in population shifts 
have occurred between areas in the region. 
No obvious migration to or from the region 
has occurred during the study period, nor 
do there seem to be large differential changes 
in the number of children in the region over 
time. As the study area is also a part of a con-
fluent continental area, no support exists for 
stating the effects of genetic pocket areas. 

As an ecological study, one weakness is 
that exposure to any of the elements/min-
erals is not estimated at individual level, 
but measured indirectly by estimates of the 
minerals in moraine and brook water plants 
in the area at time of birth and time of diag-
nosis. Although drinking water is a prob-
able direct or indirect exposure route, these 
estimates are crude and leave the complex 
mechanisms of exposure routes to further 
speculation. Another problem is that we do 
not know at an individual level the most 
relevant time window for environmental 
exposure. To some extent we circumvented 
this by estimating the relative exposure 
levels in the residential areas at the time of 
birth. We also know that about 50% of the 
children lived at the same place from birth 
to the time of diagnosis of the children who 
subsequently developed type 1 diabetes.

It is not easy to understand or to inter-
pret why areas with a very low concentra-
tion of barium oxide are associated with 
a significantly higher incidence of type 1 
diabetes than are areas with a high concen-
tration. Barium is a metallic alkaline earth 
metal, chemically similar to calcium. It is 
never found in nature in its pure form due 
to its reactivity with air. Barium carbon-
ate has been used as a rat poison. On the 
other hand, barium sulfate is used as a radio 
contrast for X-ray imaging. It is also well 
known that all water- or acid-soluble bar-
ium compounds are extremely poisonous. 
High doses affect the nervous system with 
symptoms such as weakness, anxiety, dys-
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Relationship Between Diabetes Incidence and Barium Oxide (BaO)

Figures 2a and 2c depict the inverse trend between diabetes incidence and barium oxide (BaO) and Figure 2b shows the corresponding map for the incidence of diabetes. Figure 2d 
shows the z-score of BaO, both variables interpolated by ordinary kriging.
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pnea, and paralysis. This may be due to its 
ability to block potassium ion channels. A 
literature research targeting the relationship 
between diabetes and barium was negative, 
and information on the toxic effects of low 
dose exposure is generally sparse. 

The finding that low levels of mercury in 
brook water plants in the area, both at birth 
and at the time of diagnosis, are related to 
high incidence of diabetes has, as with bar-
ium, no support in the literature, although 
a confounder may explain this covariation. 
They can be related to other environmental 
factors that are more connected either to 
the risk of diabetes or to mercury having a 
protective effect. The opposite pattern might 
have been more expected as mercury is a 
well-known toxic metal that induces oxida-
tive stress. When including both compounds 
in the same regression model, the risk of dia-
betes increased three-fold in areas with com-
bined low levels of barium oxide in moraine 
and mercury in brook water plants. 

Some studies have found that low levels of 
zinc in groundwater (Haglund et al., 1996) 
or in domestic drinking water (Zhao et al., 
2001) may increase the risk of developing 
type 1 diabetes. Low levels of zinc may not 
only affect the immune system with increased 
susceptibility to certain infections such as 
Coxsackie B viruses (Chandra & Chandra, 
1986) but also result in decreased protection 
against free radicals and cytokines. Free radi-
cals and cytokines have been reported to be 
important effector molecules in the destruc-
tion of beta-cells (Kubish et al., 1994; Man-
drup-Poulsen et al., 1990). We were unable to 
confirm this because we found a lower IRR of 
diabetes in areas with a low concentration of 

zinc than in areas with a high concentration. 
This finding was equal for the time of birth 
and the time of diagnosis and remained so 
even after adjustment for the other elements. 
Zinc may, of course, be a confounder or just 
a random finding that lacks relevance. Fur-
thermore, possible interactions in the kinetics 
of various metals may complicate the picture 
considerably. In our study, zinc had a posi-
tive correlation with the minerals studied in 
moraine, with the exception of barium oxide. 
Explaining the role of zinc in relation to type 
1 diabetes in that way is contradictory as some 
of the metals are related to high incidence of 
diabetes in low concentrations (manganese 
oxide and titanium dioxide) whereas others 
displayed the opposite pattern (copper, lead, 
and nickel).

In their study from Norway, Stene and co-
authors (2002) reported that acidity in the 
tap water of individual households may be 
involved in the etiology of type 1 diabetes. A 
recent study from Germany (Winkler, Mol-
lenhauer, Hummel, Bonifacio, & Ziegler, 
2008) found no such relationship. Stene and 
co-authors speculated that the pH value in 
itself was a confounder with no direct rela-
tionship to diabetes but was related to cer-
tain minerals or microorganisms, which in 
turn could be involved in the etiology. As 
our study found no relationship between 
the risk of developing diabetes and the pH 
value in the environment around the area of 
residence at birth or at the time of diagno-
sis, we can agree with both studies (Stene et 
al., 2002: Winkler et al., 2008) and conclude 
that the pH value seems not to be directly 
involved in the process that leads to type 1 
diabetes. The lack of association with pH, 

however, may result from the mobilization of 
preventive and toxic compounds at a specific 
pH level, which might even out the effects of 
the individual elements. It may also indicate 
that a confounder is at play that impacts the 
covariation of mercury and barium oxide, 
one of which may act as a proxy for the other.

Conclusion 
The statistical modeling used in our study 
found a strong association between type 1 
diabetes and low levels of barium oxide in 
moraine and low levels of mercury in brook 
water plants in the area of residence, both 
at the time of birth and at the time of diag-
nosis. These findings should be interpreted 
with caution due to the limitations of our 
study. For instance, no direct mechanism 
exists indicating the influence of the miner-
als/elements on type 1 diabetes. The results 
can, however, be of some importance in 
generating hypotheses as children tended 
to be diagnosed in areas with similar con-
centrations of the minerals/elements in 
communities with high incidence and those 
with low incidence of the disease. 

Acknowledgements: This study was supported 
by the research council in southeast Sweden 
(FORSS). We are grateful to the nurses and 
doctors in charge of diabetes care at the pedi-
atric departments in Jönköping, Kalmar, Karl-
skrona, Linköping, Norrköping, Västervik, 
and Växjö for providing patient data.

Corresponding Author: Ulf Samuelsson, 
Professor, Division of Pediatrics, Univer-
sity Hospital, S-581 85 Linköping, Sweden. 
E-mail: ulf.samuelsson@lio.se.

Akerblom, H.K., Vaarala, O., Hyoty, H., Ilonen, J., & Knip, M. 
(2002). Environmental factors in the etiology of type 1 diabe-
tes. American Journal of Medical Genetics, 115(1), 18–29.

Bodansky, H., Staines, A., Stephenson, C., Haigh, D., & Cart-
wright, R. (1992). Evidence for an environmental effect in the 
aetiology of insulin-dependent diabetes in a transmigratory 
population. BMJ, 304(6833), 1020–1022.

Casu, A., Carlini, M., Contu, A., Bottazzo, G.F, & Songini, M. 
(2000). Type 1 diabetes in Sardinia is not linked to nitrate levels 
in drinking water. Diabetes Care, 23(7), 1043–1044.

Chandra, S., & Chandra, R.K. (1986). Nutrition, immune 
response and outcome: Progress in food and nutrition. Progress 
in Food & Nutrition Science, 10(1–2), 1–65.

Cherubini, V., Carle, F., Gesuita, R., Iannilli, A., Tuomilehto, J., 
Prisco, F., Iafusco, D., Altobelli, E., Chiarelli, F., De Giorgi, G., 
& Falorni, A. (1999). Large incidence variation of type 1 dia-
betes in central-southern Italy 1990–1995: Lower risk in rural 
areas. Diabetologia, 42(7), 789–792.

References

 continued on page 154

JEH1-2.14_PRINT.indd   153 12/6/13   4:27 PM



154 Volume 76 • Number 6

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

Dahlquist, G., & Källen, B.A.J. (1996). Time-space clustering of 
date of birth in childhood onset diabetes. Diabetes Care, 19(4), 
328–332.

Haglund, B., Ryckenberg, K., Selinus, O., & Dahlquist, G. (1996). 
Evidence of a relationship between childhood-onset type 1 
diabetes and low groundwater concentration of zinc. Diabetes 
Care, 19(8), 873–875.

Holmqvist, B.-M., Löfman, O., & Samuelsson, U. (2008). A low 
incidence of type 1 diabetes between 1977 and 2001 in south-
eastern Sweden in areas with high population density and 
which are more deprived. Diabetic Medicine, 25(3), 255–260.

Kohli, S., Noorlind Brage, H., & Löfman, O. (2000). Childhood 
leukemia in areas with different radon levels: A spatial and tem-
poral analysis using GIS. Journal of Epidemiology and Commu-
nity Health, 54(11), 822–826.

Kubisch, H.M., Wang, J., Luche, R., Carlson, E., Bray, T.M., 
Epstein, C.J., & Phillips, J.P. (1994). Transgenic copper/zinc 
superoxide dismutase modulates susceptibility to type 1 dia-
betes. Proceedings of the National Academies of Science, 91(21), 
9956–9959.

Lai, M.S., Hsueh, Y., Chen, C.J., Shyu, M.P., Chen, S.Y., Kuo, T.L., 
Wu, M.M., & Tai, T.Y. (1994). Ingested inorganic arsenic and 
prevalence of diabetes mellitus. American Journal of Epidemiol-
ogy, 139(5), 484–492.

Law, G.R., McKinney, P.A., Staines, A., Williams, R., Kelly, M., 
Alexander, F., Gilman, E., & Bodansky, H.J. (1997). Clus-
tering of childhood IDDM: Links with age and place of resi-
dence. Diabetes Care, 20(5), 753–756.

Mandrup-Poulsen, T., Helqvist, S., Wogensen, L.D., Molvig, J., 
Pociot, F., Johannesen, J., & Nerup, J. (1990). Cytokines and free 
radicals as effector molecules in the destruction of pancreatic beta-
cells. Current Topics in Microbiology and Immunology, 164, 169–193.

Padaiga, Z., Tuomiletho, J., Karvonen, M., Dahlquist, G., Podar, 
T., Adojaan, B., Urbonaite, B., Zalinkevicius, R., Brigis, G., Vir-
tala, E., Kohtamäki, K., Cepaitis, Z., & Tuomilehto-Wolf, E. 
(1999). Seasonal variation in the incidence of type 1 diabetes 
mellitus during 1983 to 1992 in the countries around the Baltic 
sea. Diabetes Medicine, 16(9), 736–743.

Parslow, R.C., McKinney, P.A., Law, G.R., Staines, A., Williams, R., & 
Bodansky, H.J. (1997). Incidence of childhood diabetes mellitus in 
Yorkshire, northern England, is associated with nitrate in drinking 
water, an ecological analysis. Diabetologia, 40(5), 550–556.

Patterson, C.C., Dahlquist, G.G., Gyurus, E., Green, A., Soltesz, 
G., & EURODIAB study group. (2009). Incidence trends for 
childhood type 1 diabetes in Europe during 1989–2003 and 
predict new cases 2005–20: A multicentre prospective registra-
tion study. Lancet, 373, 2027–2033.

Patterson, C.C., Smith, P.G., & Webb, J. (1988). Geographical vari-
ation in the incidence of diabetes mellitus in Scottish children 
during the period 1977–1983. Diabetic Medicine, 5(2), 160–165.

Rytkonen, M., Moltchanova, E., Ranta, J., Taskinen, O., Toumi-
letho, J., Karvonen, M., SPAT Study Group, & Finnish Child-
hood Diabetes Registry Group. (2003). The incidence of type 
1 diabetes among children in Finland—rural-urban difference. 
Health Place, 9(4), 315–325.

Rytkonen, M., Ranta, J., Tuomilehto, J., Karvonen, M., SPAT Study 
Group, & Finnish Childhood Diabetes Registry Group. (2001). 
Bayesian analysis of geographical variation of type 1 diabetes in 
Finland. Diabetologia, 44(Suppl. 3), B37–B44.

Samuelsson, U., Carstensen, J., Johansson, C., & Ludvigsson, 
J. (1994). Time-space clustering in insulin-dependent diabetes 
mellitus (IDDM) in southeast Sweden. International Journal of 
Epidemiology, 23(1), 138–142.

Samuelsson, U., & Löfman, O. (2004). Geographical mapping of 
type 1 diabetes in children and adolescents in southeast Sweden. 
Journal of Epidemiology and Community Health, 58(5), 388–392.

Staines, A., Bodansky, H.J., McKinney, P.A., Alexander, F.E., 
McNally, R.J., Law, G.R., Lilley, H.E., Stephenson, C., & Cart-
wright, R.A. (1997). Small area variation in the incidence of 
childhood insulin-dependent diabetes mellitus in Yorkshire 
UK: Links with overcrowding and population density. Interna-
tional Journal of Epidemiology, 26(6), 1307–1313.

Stene, L.C., Hongve, D., Magnus, P., Ronningen, K.S., & Joner, G. 
(2002). Acidic drinking water and risk of childhood-onset type 
1 diabetes. Diabetes Care, 25(9), 1534–1538.

Winkler, C., Mollenhauer, U., Hummel, S., Bonifacio, E., & 
Ziegler, A.G. (2008). Exposure to environmental factors in 
drinking water: Risk of islet autoimmunity and type 1 diabe-
tes—The BABYDIAB study. Hormone and Metabolic Research, 
40(8), 566–571.

Zhao, H.X., Mold, M.D., Stenhouse, E.A., Bird, S.C., Wright, D.E., 
Demaine, A.G., & Millward, B.A. (2001). Drinking water com-
position and childhood-onset type 1 diabetes mellitus in Devon 
and Cornwall, England. Diabetic Medicine, 18(9), 709–717.

References continued from page 153

?The Journal prepublishes an online article with every print issue that can 
be accessed by NEHA members only. To view the online article for January/
February 2014, go to neha.org/store, click on “Search Bookstore,” select the 
“JEH Prepublished Articles” category, and click “GO.”

Did You 
Know?

How to Apply
Please e-mail an application to Marissa Mills at 
mmills@neha.org by February 28, 2014. Participants will 
be notified by March 5, 2014, if selected.

Applications must be on agency letterhead and include
•	 each attendee name, position title, complete mailing 

address, phone, fax, and e-mail address;
•	 community and/or industry partners that will be 

attending;
•	 description of current or planned radon activities 

including partner organizations;
•	 description of the area to be served, approximate 

number of new residential construction building permits 
in the past year, and the radon zone classification,  
if known;

•	 information on previous radon or RRNC training; and
•	 a statement indicating the support of management to 

undertake this program.

NEHA strongly encourages joint applications from the 
same community—teaming public/EH professionals with 
building code, zoning, or planning department officials, 
and/or interested builders or homebuilder association 
representatives.

For more information, please contact Marissa Mills, Project Assistant, at mmills@neha.org  or 303.756.9090, ext. 304.

The National Environmental Health Association (NEHA), in 
cooperation with U.S. EPA Indoor Environments Division, 
is sponsoring a 2½ day all-expenses-paid training for 
environmental health (EH) professionals to implement radon 
resistant new construction (RRNC). Attendees are expected 
to serve as NEHA field partners who will be resources for 
residential construction activities in their community for a 
minimum of one year.

The training includes

•	 technical information on components of RRNC,

•	 state and local building code processes, and

•	 risk assessment and risk communication information about 
the health effects of long-term exposure to elevated levels of 
radon gas.

Attendees will

•	 work with U.S. EPA staff, local code officials and builders, 
other affiliate partners, nationally recognized instructors, and 
NEHA field partners—past attendees of this training—who 
have successfully implemented RRNC in their communities;

•	 learn new skills to increase consumer awareness of radon 
hazards, build local coalitions, and collaborate with other 
stakeholders and nonprofit organizations such as Habitat for 
Humanity and homebuilder associations; and

•	 assist in developing an action plan with specific and 
measurable goals for a RRNC program appropriate for 
their community.

NEHA Radon Resistant New 
Construction (RRNC) Training

Are you interested in expanding your knowledge 
and commitment in radon resistant techniques?
If so, then this training opportunity is for you!

Rn March 25–27, 2014  Washington, DC

JEH1-2.14_PRINT.indd   154 12/6/13   4:27 PM



JEH1-2.14_PRINT.indd   155 12/6/13   4:27 PM

How to Apply
Please e-mail an application to Marissa Mills at 
mmills@neha.org by February 28, 2014. Participants will 
be notified by March 5, 2014, if selected.

Applications must be on agency letterhead and include
•	 each attendee name, position title, complete mailing 

address, phone, fax, and e-mail address;
•	 community and/or industry partners that will be 

attending;
•	 description of current or planned radon activities 

including partner organizations;
•	 description of the area to be served, approximate 

number of new residential construction building permits 
in the past year, and the radon zone classification,  
if known;

•	 information on previous radon or RRNC training; and
•	 a statement indicating the support of management to 

undertake this program.

NEHA strongly encourages joint applications from the 
same community—teaming public/EH professionals with 
building code, zoning, or planning department officials, 
and/or interested builders or homebuilder association 
representatives.

For more information, please contact Marissa Mills, Project Assistant, at mmills@neha.org  or 303.756.9090, ext. 304.

The National Environmental Health Association (NEHA), in 
cooperation with U.S. EPA Indoor Environments Division, 
is sponsoring a 2½ day all-expenses-paid training for 
environmental health (EH) professionals to implement radon 
resistant new construction (RRNC). Attendees are expected 
to serve as NEHA field partners who will be resources for 
residential construction activities in their community for a 
minimum of one year.

The training includes

•	 technical information on components of RRNC,

•	 state and local building code processes, and

•	 risk assessment and risk communication information about 
the health effects of long-term exposure to elevated levels of 
radon gas.

Attendees will

•	 work with U.S. EPA staff, local code officials and builders, 
other affiliate partners, nationally recognized instructors, and 
NEHA field partners—past attendees of this training—who 
have successfully implemented RRNC in their communities;

•	 learn new skills to increase consumer awareness of radon 
hazards, build local coalitions, and collaborate with other 
stakeholders and nonprofit organizations such as Habitat for 
Humanity and homebuilder associations; and

•	 assist in developing an action plan with specific and 
measurable goals for a RRNC program appropriate for 
their community.

NEHA Radon Resistant New 
Construction (RRNC) Training

Are you interested in expanding your knowledge 
and commitment in radon resistant techniques?
If so, then this training opportunity is for you!

Rn March 25–27, 2014  Washington, DC



156 Volume 76 • Number 6

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

Introduction
Lung cancer is the second most commonly 
diagnosed cancer and has the highest mor-
tality rate of all cancers (National Cancer 
Institute, 2007). Radon is a leading pre-
ventable cause of lung cancer, second only 
to smoking (U.S. Department of Health and 
Human Services [HHS], 2005), and accounts 

for about 10% of all lung cancer cases each 
year in the U.S. (Committee on Health Risks 
of Exposure to Radon [BEIR VI], National 
Research Council, 1999). The U.S. Environ-
mental Protection Agency (U.S. EPA) esti-
mates that 1 in 15 homes in the U.S. tests 
positive for radon at or above the U.S. EPA 
action level of 4 picocuries per liter (pCi/L) 

(HHS, 2005). Secondhand smoke (SHS) is 
the third leading preventable cause of lung 
cancer, responsible for an estimated 3,000 
lung cancer deaths per year among non-
smokers (HHS, 2006). The combination of 
firsthand smoke and SHS and radon expo-
sure increases the risk of lung cancer nearly 
10-fold (U.S. Environmental Protection 
Agency [U.S. EPA], 2004). Interestingly, 
households with smokers are less likely to 
test for radon than those without smokers 
(Centers for Disease Control and Preven-
tion, 1999), despite the fact that smokers 
are at greater risk for developing lung cancer 
from radon exposure than never-smokers 
(Bonner et al., 2006; Lagarde et al., 2001). 
Although the perceived risk from smoking 
and SHS is high (Rayens et al., 2007), less 
is known about the combined perceived 
risks of these two environmental exposures 
(Hampson, Andrews, Lee, Lichtenstein, & 
Barckley, 2000).

Our exploratory study aims were to 1) 
describe the feasibility of a brief, tailored 
dual home screening and environmental 
feedback intervention (FRESH; Freedom 
from Radon Exposure and Smoking in the 
Home) to assess and reduce radon and 
SHS exposure; 2) examine changes in risk 
perception and health actions following 
FRESH; and 3) assess differences in parents’ 

Abst ract  Combined exposure to secondhand smoke (SHS) 

and radon increases lung cancer risk 10-fold. The authors assessed 

the feasibility and impact of a brief home screening and environmental 
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perceived risk of lung cancer and synergistic 
risk perception (SHS x radon) between those 
with and without home smoking at baseline. 
First, we hypothesized that parents would 
have greater perceived risk of lung cancer 
and synergistic risk (SHS x radon) postinter-
vention. Second, those with home smoking 
would be less likely to take action to reduce 
exposure to radon and SHS than those with-
out smoker(s)/smoking in the home. Third, 
we hypothesized that home smoking would 
be associated with perceived risk of lung 
cancer and synergistic risk at baseline. 

Exposure to radon, a colorless, odor-
less, radioactive gas that forms from the 
decomposition of uranium in the ground, 
is associated with an estimated 15,400 
to 21,800 lung cancer cases in the U.S. 
each year (Committee on Health Risks of 
Exposure to Radon [BEIR VI], National 
Research Council, 1999). Radon can be 
detected with a simple, commercially avail-
able test; however, the proportion of people 
who have tested is low (Wang, Ju, Stark, 
& Teresi, 2000). If high levels of radon 
are found, properly installed mitigation sys-
tems reduce the risk of exposure. 

SHS, a major source of indoor air pollution, 
causes coronary heart disease, lung cancer, 
asthma, and sudden infant death syndrome 
(HHS, 2010).  The home is the primary source 
of SHS for children and a major source of SHS 
exposure for adults (HHS, 2006).

If exposed to 4 pCi/L of radon over a 
lifetime, 7 per 1,000 of those who never 
smoked would develop lung cancer com-
pared to 62 of 1,000 smokers who would 
develop lung cancer (U.S. EPA, 2004). 
Despite the synergistic risk of radon and 
tobacco smoke, smokers are less likely than 
nonsmokers to engage in protective radon 

behaviors (Hampson, Andrews, Barckley, 
Lichtenstein, & Lee, 2006). 

Our study was guided by the Teach-
able Moment Model (McBride, Emmons, 
& Lipkus, 2003), positing that a health 
event (i.e., feedback on home radon and 
SHS levels) serves as a cue to perceive 
a health threat that can motivate an indi-
vidual to reduce the threat (McBride et al., 
2003; Figure 1). Using tailored environ-
mental feedback may be one way to create 
teachable moments by generating height-
ened receptivity to behavior change (Law-
son & Flocke, 2009). 

Methods

Design and Sample
The exploratory study was a quasi-
experimental, pre-post design with quota 
sampling to ensure that 60% of participants 
would be in the home smoking group. The 
participants were parents or primary care-
givers of children recruited from a pediatric 
practice during an office visit. To be eligible 
for the study, participants had to own their 
homes, have access to a telephone, and 
never have tested for radon. Once the quota 
of those without smokers in the home was 
reached, participants were eligible only if 
they had a smoker in the home. Participants 
completed the baseline survey on a laptop 
computer while in the physician’s office at 
the time of recruitment. After completing 
the baseline survey, participants were asked 
to colocate a radon and an airborne nicotine 
sampler in their homes for 72 hours. The 
two-month postintervention surveys were 
completed online. The study was approved 
by the University of Kentucky Medical 
institutional review board.

Intervention
The brief, tailored environmental feedback 
intervention, FRESH, was designed to create a 
teachable moment for lung cancer risk reduc-
tion by motivating participants to simultane-
ously test their homes for radon and SHS and 
delivering a tailored environmental feedback 
intervention. After receiving the test results 
(4–8 weeks posttesting), trained research staff 
with educational preparation in nursing and 
health communications delivered FRESH via 
telephone and mail. The intervention was tai-
lored based on one of four conditions: high 
radon/high SHS, high radon/low SHS, low 
radon/high SHS, low radon/low SHS. Using 
the FRESH action checklist as a guide, the 
research team discussed the participant’s risk 
based on the screening results and suggested 
actions to lower their risks such as adopting 
a smoke-free home, radon mitigation, and 
quitting smoking. Following the phone call, 
the participant received a mailed packet with 
a copy of the checklist and general educa-
tional materials on radon, SHS, and quitting 
tobacco. If participants did not respond to 
requests for telephone intervention delivery, 
test results, tailored feedback, and materials 
were mailed to the home.

Measures
Demographic characteristics and smoking 
indicators were assessed in the baseline 
questionnaire; perceived risk of lung can-
cer and synergistic risk were measured in 
both surveys. Self-reported health actions 
following the intervention were assessed at 
two months. Demographic characteristics 
assessed were age, sex, race, marital status, 
education, employment status, and house-
hold income. Study measures are summa-
rized in Table 1.

Data Analysis
Descriptive statistics, including means and 
standard deviations or frequency distribu-
tions, were used to summarize study vari-
ables. Chi-square tests of association deter-
mined differences in categorical variables 
between two groups, including smokers 
versus nonsmokers, home smoking versus 
home nonsmoking, and those who com-
pleted the study versus those who dropped 
out prior to the follow-up survey. Differ-
ences in perception of risks from pre- to 
postintervention were determined using 

Study Model Adapted From Teachable Moments Heuristic

SHS = secondhand smoke.

Taking Action by
Mitigating for Radon
and/or Adopting a 
Smoke-free Home 

Perceived Risk

Synergistic Risk
Perception 

Cueing Event:
Home Screening 

for Radon and SHS 

FIGURE 1
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paired t-tests. Two-sample t-tests were used 
to compare perceived risk of lung cancer 
and synergistic risk perception at baseline 
between home smoking and home non-
smoking groups. Data analysis was con-
ducted using SAS version 9.3 with an alpha 
level of .05 throughout.

Results
The average age of the participants was 37.8 
(SD = 7.9). The majority were female, non-
Hispanic white, and married (Table 2). Most 
had at least some postsecondary education, 
were employed, and had an average annual 
household income of $50,000 or more. One-
fifth were current smokers and three-fifths 
had home smoking. Nearly half (48%) of the 
participants had one to three smokers living in 
the home, and 50% reported their family was 
exposed to tobacco smoke while at home. Of 
those with home exposure to tobacco smoke, 
56% were exposed all seven days of the past 
week. Of the 38 participants who returned 
readable radon test kits, 10 (26%) tested at 
or above the U.S. EPA action level of 4 pCi/L. 
The mean radon level for all 38 returned kits 
was 2.9 (SD = 2.4). Of the 24 families who 
returned a readable airborne nicotine test kit, 
9 (38%) tested at or above .1 µg/m3. The mean 
airborne nicotine level for all 24 readable test 
kits was 0.13 (SD = 0.14).  

Feasibility of FRESH
Of the 58 parents/caregivers approached, 
50 agreed to participate and they completed 
the baseline survey (86% response rate). Of 
those, 38 returned readable radon test kits 
(76%) while only 24 sent back readable air 
nicotine kits (48%). Twenty-five of those who 
completed the baseline survey participated in 
the two-month follow-up survey (50% reten-
tion rate). No significant differences existed 
in demographic characteristics or smoking 
indicators, including smoking status and 
home smoking, between those who partici-
pated in the follow-up and those who did not 
complete the two-month survey. Participation 
in the follow-up survey was just as likely for 
those with elevated radon (≥4 pCi/L) and pos-
itive airborne nicotine (≥.1 µg/m3) as those 
without. Similarly, no differences existed 
between smokers and nonsmokers or those 
with and without home smoking on whether 
they returned a readable radon or airborne 
nicotine test kit. Of those who participated 

in the environmental feedback intervention, 
most were in the low radon/low SHS condi-
tion (n = 21); nine were in the high radon/low 
SHS; six were in the low radon/high SHS; and 
one was in high radon/high SHS. 

Impact of FRESH on Perceived Risk 
of Lung Cancer, Synergistic Risk, 
and Health Actions
Participants reported a significant increase 
in perceived risk of lung cancer and syner-
gistic risk perception from baseline to pos-
tintervention (mean = 0.64; t = 2.1, p = .05; 
mean = 1.48; t = 2.5, p = .02, respectively). 
No differences in change in perceived risk 
of lung cancer or synergistic risk perception 
occurred between those with and without 
home smoking. Of the 10 households with 
radon at or above the U.S. EPA action level 
of 4 pCi/L, seven participated in the follow-
up, including three smoking and four non-
smoking; of these, none had mitigated, but 

four (57%) had taken steps toward mitiga-
tion by either contacting a mitigation pro-
fessional or planning to do so. Of these, half 
were in the home smoking and half in the 
home nonsmoking groups, suggesting that 
67% of smoking homes participating in the 
follow-up had taken steps to mitigate and 
50% of nonsmoking homes had done so.  

Of the nine families with elevated airborne 
nicotine, six were in the home smoking group 
and three identified their households as non-
smoking. Four of the nine participated in 
the follow-up; of these, three were smoking 
homes and one nonsmoking. Three of the 
four (75%) had made their home smoke free 
by follow-up, including the nonsmoking 
home and two of the three smoking ones; 
this suggests that 67% of those in smoking 
homes and 100% in nonsmoking homes 
that participated in the follow-up and had 
elevated air nicotine reported having made 
their homes smoke free. 

Study Measures

Variable Measures

Smoking indicators Current smoking: Do you currently smoke cigarettes, even just once in a while? 
Yes/No
Home smoking: Of those people living in your home including yourself, how 
many people smoke (e.g., cigarettes, pipes, cigars, etc.)? and Thinking about 
the past seven days altogether, how many days was your family exposed to 
tobacco smoke at home? >0 for either indicates positive for home smoking

Perceived risk Perceived risk of lung cancer: How would you rate your risk of developing lung 
cancer in your lifetime, on a scale of 1 to 10 where 1 is the lowest and 10 is 
the highest risk?
Synergistic risk: Please rate the risk from being exposed to radon and smoking 
a pack of cigarettes per day, compared to the risk of only smoking a pack 
of cigarettes a day with no radon exposure. 1–10 scale with higher score 
equivalent to more risk

Radon and  
air nicotine

Home radon level: Short-term radon test kit by AirChek. Scores at or above  
4.0 pCi/L considered high for radon (U.S. Environmental Protection Agency  
[U.S. EPA], 2004). 
Secondhand smoke (SHS) level: Passive airborne nicotine monitor developed 
by Lee and co-authors (1992, 1995). Values >.1 μg/m3 positive for SHS.

Health actions Home mitigation: Have you mitigated your home? Yes/I plan to mitigate my 
home, but haven’t done so yet
Steps toward mitigation: In the last 60 days, I contacted a mitigation professional 
to assess my house for mitigation. Have already completed the action/planned 
to take action, but have not done so yet categorized as taking steps toward 
mitigation; Didn’t plan this to take this action is the inactive category.
Rules about smoking in the home: What best describes the rules about 
smoking in your home? Smoking is not allowed at all categorized as smoke-
free; Smoking allowed in all areas of home/smoking is limited to certain areas/
smoking is not allowed when children are inside the home all considered not 
having adopted a smoke-free home.

TABLE 1
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Differences in Risk Perceptions  
by Smoking Status at Baseline
Those with home smoking reported a 
higher mean perceived lifetime risk of lung 
cancer than those without home smoking at 
baseline (Table 3). No difference occurred, 
however, in perceived synergistic risk of 
tobacco smoke and radon between those 
with and without home smoking.

Discussion
FRESH is a feasible intervention that holds 
promise in promoting perceived risk of lung 
cancer and synergistic risk perception and 
prompting action to reduce risk. Recruiting 
in a pediatrician’s office with a supportive 
health care provider champion facilitated 
high study participation. Participants were 
receptive to messages emphasizing chil-
dren’s health and safety, and the health care 

recruitment setting highlighted the serious-
ness of the problem. Interestingly, testing for 
radon was more prevalent than testing for 
SHS exposure. The provider champion had 
tested his home for radon and that could 
have influenced participants to focus more 
on radon testing. This testing discrepancy 
may also have been due to societal stigma 
related to smoking (Graham, 2012) or the 
denial of the need for the test (i.e., smok-
ing outside or not having a smoker living in 
the home). Several participants with positive 
air nicotine were surprised given that their 
homes were “smoke free.” They didn’t realize 
the importance of smoking away from entry-
ways, windows, and vents. It is encouraging 
that parents who tested their homes were 
just as likely to return the radon and air-
borne nicotine test kits regardless of whether 
smokers were in the home.

Parents reported greater perceived risk 
of lung cancer and synergistic risk (SHS 
x radon) postintervention. It is promis-
ing that parents in homes with smokers 
reported a significant change in perceived 
risk and synergistic risk, especially since 
they reported lower synergistic risk at base-
line compared to those without smoking 
in the home. Given that few view radon as 
an immediate health risk in their home or 
understand their risk status (Duckworth, 
Frank-Stromborg, Oleckno, Duffy, & Burns, 
2002; Hill, Butterfield, & Larsson, 2006), 
these exploratory findings show prom-
ise in creating a teachable moment on 
perceived risk and synergistic risk (SHS 

x radon) through tailored environmental 
feedback, especially with those who have 
smokers in the home and are at most risk 
for lung cancer.

Parents who were provided evidence of 
elevated radon levels were likely to mitigate 
or plan to mitigate, consistent with the lit-
erature (Duckworth et al., 2002; Riesenfeld 
et al., 2007). Those with at least one smoker 
in the home were as likely to take action to 
reduce exposure to radon and SHS compared 
to those without smoker(s) in the home pos-
tintervention, albeit based on a small sample 
size. Given that smokers are least likely to 
demonstrate protective radon behaviors 
(Hampson et al., 2006), the results of our 
exploratory study are encouraging. 

Consistent with the literature (Hampson 
et al., 2006), those with household smok-
ing were less likely to perceive synergistic 
risk (SHS x radon) but were more likely 
to perceive lung cancer risk than those 
without smokers in the home. Participants 
with household smoking may have already 
believed that they were susceptible to lung 
cancer, so the addition of radon risk may not 
have significantly changed that perception.  

Our exploratory study had several limita-
tions. First, the small sample of relatively 
high-income participants reduces generaliz-
ability of the findings. Requiring home own-
ership to participate minimized the chance of 
recruiting lower socioeconomic status par-
ents. The low retention rate is another limi-
tation. Only half of the participants enrolled 
participated in the follow-up survey. Future 

Frequency Distributions of 
Demographic Characteristics 
and Smoking Indicators  
(N = 50) 

Variable n (%)

Sex
Female 44 (88)
Male 6 (12)

Race/ethnicity
White, non-Hispanic 48 (96)
Other race/ethnicity 2 (4)

Married
Yes 46 (92)
No 4 (8)

Some postsecondary education
Yes 43 (86)
No 7 (14)

Employed
Yes 37 (74)
No 13 (26)

Annual income $50,000 or more
Yes 43 (86)
No 7 (14)

Current smoker
Yes 10 (20)
No 40 (80)

Smoking in the home
Yes 30 (60)
No 20 (40)

TABLE 2

Comparison of Baseline Perception of Lung Cancer Risk and 
Synergistic Risk Perception Between Those With and Without 
Smoking in the Home (N = 50) 

Perception of Risk Household Smoking |t | (p-Value)

Home  
Smoking
(n = 30)

Mean (SD )

No Home 
Smoking
(n = 20)

Mean (SD )

Lifetime risk of lung cancer 
(1 = lowest risk; 10 = highest risk)

4.67 (2.14) 2.71 (2.20) 3.0 (.005)

Synergistic risk of radon exposure and 
smoking compared to smoking alone 
(1 = much less risky; 10 = much more risky)

5.90 (2.44) 7.17 (2.31) 1.8 (.08)

TABLE 3
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studies need to include escalating payments 
and other ways of reducing attrition (Seed, 
Juarez, & Alnatour, 2009) (e.g., use of elec-
tronic and social media reminders). Another 
limitation was that participants were less 
likely to return the SHS kits. For some fami-
lies, this may have been due to societal stigma 
associated with smoking, while others may 
have felt it unnecessary since no one smoked 
in their home. While no differences existed in 
demographics or smoking indicators between 
those who completed the follow-up and those 
who did not and those who returned readable 
test kits and those who did not, the sample 
sizes in the subgroups were small in our 
exploratory study. 

Future studies need to include a larger 
number of households for increased statisti-
cal power. No test kit is commercially avail-
able for both radon and airborne nicotine, 
and participants had separate instructions 
for testing and returning each test kit, which 
may have caused confusion. Further, partici-
pants had no incentive to return either test 

kit. The social implications of reporting home 
SHS exposure may have made some partici-
pants underreport smoking in the home, as 
evidenced by three positive air nicotine tests 
from among the nonsmoking group. This 
concern is lessened, however, by the fact that 
a group effect existed for perceived risk of 
lung cancer at baseline. Radon and SHS lev-
els were not reassessed at follow-up, nor was 
long-term follow-up possible due to budget-
ary constraints. Further, we did not assess the 
fidelity of the actual location of the radon and 
SHS samplers in the homes. Environmental 
measurements at postintervention and long-
term follow-up are recommended for future 
testing of FRESH.

Conclusion
FRESH deserves further study as it has the 
potential for preventing lung cancer especially 
among nonsmokers. Given that smokers also 
exposed to radon have higher rates of lung 
cancer (Committee on Health Risks of Expo-
sure to Radon [BEIR VI], National Research 

Council, 1999; U.S. EPA, 2004), FRESH may 
also reduce lung cancer among smokers. 
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Introduction
DEET, an effective ingredient of insect repel-
lent, is widely used to prevent mosquito 
bites (Fradin & Day, 2002). High DEET 
concentrations in insect repellent increase 
the effectiveness (Qiu, Jun, & McCall, 
1998), but also raise health concerns (New 

York Department of Environmental Conser-
vation, 1994). Reported adverse effects of 
DEET include seizures (Koren, Matsui, & 
Bailey, 2003) and encephalopathy in chil-
dren (Briassoulis, Narlioglou, & Hatzis, 
2001) and hypotension, coma, and sei-
zures in adults (Teinenbein, 1988). 

To avoid these adverse effects, the U.S. 
Environmental Protection Agency (U.S. 
EPA) recommended less than 10% of DEET 
in insect repellent for use on children (U.S. 
EPA, 1998), but the recommendation did 
not apply to those under six months (Bell, 
Veltri, & Page, 2002). A newer report, 
however, indicated that applications of 
10%–30% DEET-containing insect repellent 
rarely caused adverse effects (Flake, Hino-
josa, Brown, & Crawford, 2005), and insect 
repellent of less than 30% DEET was consid-
ered safe in a clinical report (Miller, 2004).

To assess the adverse effects, an under-
standing of the metabolism of DEET in 
the human body is crucial; thus, a number 
of previous studies have identified DEET 
metabolites. A previous study had proposed 
a 3 × 4 scheme of metabolic pathways of 
DEET in rat liver microsomes (Constantino 
& Iley, 1999). The pathways are theoreti-
cally driven by reactions of N-deethylation 
(horizontal) and ring methyl oxidation 
(vertical) (Figure 1). In another study, 
m-(Diethylaminocarbonyl) benzoic acid 
(R3N0), m-(ethylaminocarbonyl) benzoic 
acid (R3N1), and m-(aminocarbonyl) ben-
zoic acid (R3N2) were found in rat urine 
(Taylor & Spooner, 1990); and N-ethyl-
m-toluamide (R0N1), toluamide (R0N2), 
N,N-diethyl-m-(hydroxymethyl)benzamide 

Abst ract  Urinary metabolites of DEET of 17 children (5–7 

years of age) and 9 adults (23–25 years of age) were examined in the study 

described in this article. Urine samples were collected from each subject 

within eight hours after a single dermal application of 10 mL 12% DEET-

containing insect repellent. Two metabolites, m-diethylaminocarbonyl 

benzoic acid (R3N0) and N-ethyl-m-toluamide (R0N1), with unchanged 

DEET, were identified in the urine. The major metabolite was R3N0, 

which was 78.2% and 46.1% of the total DEET metabolites from children 

and adults, respectively, indicating that the pathway of ring methyl 

oxidation predominated. The recovered DEET metabolites were observed 

significantly more from children (1,116 µg) than from adults (446.2 µg) (p 

< .001). The difference in dermal absorption, albeit primarily attributed 

to DEET loading, was found to be related to height by regression analysis. 

The inverse association between height and dermal absorption of DEET 

suggests that shorter individuals (i.e., children) are subjected to dermal 

uptake of DEET. To avoid unnecessary exposure, parents need to be 

cautious when applying DEET-containing insect repellent on children. 
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(R1N0), N-ethyl-m-(hydroxymethyl)benza-
mide (R1N1), and N,N-diethyl-m-formyl-
benzamide (R2N0) were identified in rat 
liver microsomes (Taylor, 1986). Therefore, 
DEET in animals is metabolized consistently 
following the two metabolic reactions.

In humans, DEET is generally absorbed 
by the skin and mainly excreted in the 
urine (Selim, Hartnagel, Osimitz, Gabriel, 
& Schoenig, 1995; Smallwood, DeBord, & 
Lowry, 1992); it has been confirmed that 
DEET in the human body is metabolized via 
liver oxidase from an in vitro study (Abu-
Qare & Abou-Donia, 2008). It is reported 
that liver microsomes induced cyto-
chromes P450 to metabolize DEET to R0N1 
(CYP2A6, 2C19, 3A4, and 3A5) and R1N0 
(CYP1A2, 2B6, 2D6*1, and 2E1) (Usmani 
et al., 2002), the initial DEET metabolites. 
A human study observed six DEET urinary 
metabolites, two of which were confirmed 
to be R3N0 and R3N1, but did not detect 
unchanged DEET from the urine (Selim et 
al., 1995).

The metabolism of DEET has been stud-
ied in animals or humans in many western 
countries, but is rarely addressed in Asia; 
yet it is not clear whether ethnic difference 
affects the metabolism as well as dermal 
absorption of DEET. To our knowledge, 
ours is the first study to identify and con-
firm DEET metabolites from human urine 
in Asia. We demonstrate profiles of DEET 
metabolites in the urine of children and 
adults after one-time dermal applications 
of DEET-containing insect repellent, and 
expect that the human subject testing infor-
mation could be useful to biomonitoring in 
future related studies. 

Materials and Methods

Human Subjects
Our study was approved by the Tzu-Chi 
Hospital/University institutional review 
board in Taiwan. All experiments were 
performed in compliance with the rel-
evant laws and institutional guidelines. 

Researchers had to inform the participat-
ing subjects or parents/guardians of the 
child subjects of safety and risk associ-
ated with and processes of the study and 
the right of withdrawal from the study. An 
informed consent, signed by each subject 
or his/her parent/guardian, was obtained 
prior to the test. Seventeen children (5–7 
years of age) from Tzu Chi University–
affiliated kindergarten and nine adults 
(23–25 years of age) from Tzu Chi Uni-
versity were recruited. Each of them was 
confirmed not to use any DEET-containing 
insect repellent for the previous 10 days to 
avoid possible interference.

Materials
DEET (95.0%) and precursors of the syn-
thesized DEET metabolites were purchased. 
The syntheses of DEET metabolites were 
conducted following a previous study 
(Constantino & Iley, 1999). Acetonitrile 
(high performance liquid chromatogra-
phy [HPLC] grade) and hydrochloric acid 
(36.5%–38.0%) were used. Deionized water 
was generated by Millipore Direct-Q.

Sample Collection
Prior to the dermal application, a baseline 
urine sample was collected from each sub-
ject. Ten mL of insect repellent contain-
ing 12% DEET was applied onto bare skin 
of the arms and legs of each subject, and 
urine was collected within the following 
eight hours. For each urine collection, the 
urination time and the volume of urine 
were recorded in a pamphlet where the 
relevant information (e.g., birth date, age, 
sex, height, weight, surface area of appli-
cation) was also kept. Records of urinary 
volume were important, because they were 
used for compositing and calculating to the 
quantities of metabolites. Child subjects 
were assisted by the kindergarten teachers, 
while adult subjects completed the tests by 
themselves following the testing protocol. 
All the urine samples were stored at -20°C 
before analysis.

Sample Analysis
After defrosting the urine, we compos-
ited samples collected within the first and 
second four hours by mixing 1% of the 
volume of each urine sample with one 
another. Composited samples were acidi-

Pathways of DEET Metabolism

FIGURE 1
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fied to pH 2–3 with 1 N HCl, and 5 mL 
of each was drawn into a conditioned Sep-
Pak Vac 6 cc (500 mg) C18 cartridge for 
solid phase extraction. We added 5 mL 
deionized water (pH 2–3) to wash the car-
tridge, and then 8 mL acetonitrile to elute 
the metabolites. The eluate was concen-
trated to 0.5 mL with nitrogen for analysis 
of HPLC. The recovery rates of the C18 
cartridges were found to range from 88% 
to 97% for DEET and its metabolites.

We identified urinary metabolites of DEET 
with mass spectroscopy (MS) using Agilent 
1100 HPLC-MS and analyzed them quantita-
tively using Agilent Series 1050 HPLC. The 
column was Eclipse XDB-C18, 4.6×250 mm, 
5 µm and two-stage solvent gradients for 
mobile phase were used at a constant flow 
rate of 1 mL/min: 50% acetonitrile and 50% 
water (pH 2–3) for the first eight minutes, 
and 100% acetonitrile for the following seven 
minutes. For quantitative analysis, DEET and 
its metabolites were detected at the wave-
length of 230 nm. 

Calculation and Statistical Analysis
In order to calculate the permeability of 
DEET, the amounts of metabolites, accord-
ing to the molar numbers, were converted 
back to those of the parental DEET, which 
were denoted as equivalent DEET. The con-
version formula is listed below:

Equivalent DEET = 
 

3  2
  W

RiNj33   X M.W.
DEET

 i=0  j=0 
M.W.

RiNj

W
RiNj

 = amount (µg) of metabolite RiNj,  
i = 0, 1, 2, 3; j = 0, 1, 2
M.W.

RiNj
 = molecular weight of metabolite 

RiNj, i = 0, 1, 2, 3; j = 0, 1, 2
M.W.

DEET
 = molecular weight of DEET, 

191.27 g/mol
In accordance with Fick’s first law of 

diffusion, a steady-state flux (J) of percu-
taneous absorption (µg/cm2/s) equals the 
product of permeability (P) (cm/s) and 
drug concentration (C) (µg/cm3), giving 
the formula as

J = PC.

The DEET concentration was 12% 
(weight/volume), but, as the solvent 
quickly evaporated after the dermal appli-

cation, the true concentration (C) remain-
ing on the skin should be proportional to 
DEET loading (mg/cm2), which was cal-
culated by dividing the applied amount 
of DEET (mg) by the application area of 
skin (cm2). The steady-state flux (J) was 
calculated by dividing the quantity of uri-
nary metabolite (e.g., R0N1, R3N0) by 
the application area (cm2) and time (s). In 
theory, permeability (P) remains the same 
for the applied DEET onto the presumably 
identical skins, and thus J is proportional 

to C or DEET loading. In our study we 
conducted independent t-tests to compare 
the two age groups; Pearson correlation 
analysis to examine any possible relevant 
factors to J of the total metabolites (J_E_
DEET), including sex, weight, height, 
application area, age group (child/adult), 
and DEET loading; and stepwise linear 
regression analysis to determine the most 
affecting factors on the dermal absorption 
of DEET.  All statistical analyses were per-
formed using SPSS 16.0.

Mass Spectra of R0N1 and R3N0

FIGURE 2

A. R0N1

B. R3N0
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Results
We detected R3N0, R0N1, and unchanged 
DEET from most of the urine samples after 
the dermal application of insect repellent 
using HPLC-MS, with the fragment profiles 
of the detected compounds matching that 
of the known (synthesized R0N1, R3N0 
and commercially manufactured DEET). 
The M+1 values were 164 and 222 m/z for 
R0N1 and R3N0, respectively, with account-
able fragments for both compounds (Fig-
ure 2). None of the metabolites or DEET 
was detected from the baseline samples, 
indicating that the detected urinary com-
pounds were most likely to originate from 
DEET. Having confirmed the metabolites 
using HPLC-MS, we used regular HPLC 
for further qualification and quantification. 
The retention time for R3N0, R0N1, and 
DEET was 3.0, 4.1, and 6.6 min, respec-
tively (Figure 3).

Because of different bare skin areas 
exposed to the insect repellent applica-
tion, the DEET loading were approximately 
above and below 1 mg/cm2 for child and 
adult subjects, respectively (Table 1). Male 
subjects, with more height and weight, had 
more exposed surface areas than females 
did for either age group. Among the all uri-
nary metabolites, R3N0 was the most for 
both age groups. For child subjects, R3N0 

was approximately 80% of the total equiva-
lent DEET; for adults, R3N0 accounted for 
nearly half of the urinary metabolites (Table 
1). Apparently, the recovered DEET metab-
olites, as converted to the equivalent DEET, 
were observed more from children (1,116 
µg) than from adults (446.2 µg), and the 
difference was statistically significant (p < 
.001). No significant difference occurred 
in total metabolites between the male and 
female subjects of either group, indicating 
that gender was not an affecting factor of 
the DEET metabolism.

Pearson analysis results show that sex 
was not significantly related to any other 
variables, but weight, height, application 
area, and age group were highly correlated 
with one another (Table 2). DEET load-
ing was correlated with most variables, 
especially with J of R3N0 (J_R3N0) (r = 
.86) and J of the total equivalent DEET 
(J_E_DEET) (r = .85), but not with J of 
unchanged DEET (J_DEET), indicat-
ing that Fick’s first law of diffusion was 
followed and the majority of DEET was 
metabolized to R3N0 with the amount of 
unchanged DEET varying by chance. The 
correlation coefficient between J_E_DEET 
and J_R3N0 was as high as 0.95, in sup-
port of the finding that R3N0 was the 
major metabolite.  

We conducted stepwise multivariate 
regression analysis to determine signifi-
cantly affecting factors of recovered DEET 
metabolites, with J_E_DEET used as the 
dependent variable and others as the inde-
pendent variables. Following Fick’s first law 
of diffusion, DEET loading was the pre-
dominant factor, and the other significant 
factor added to the equation was height, 
which was inversely associated with the 
permeated DEET (Table 3). The inclusion 
of height suggests that transdermal perme-
ation of DEET is governed by body stature 
or possibly age, besides the known princi-
ple of diffusion. 

Discussion
As compared to previous studies, our work 
used high doses of DEET on participat-
ing subjects because of the consideration 
of insect bites occurring commonly in the 
subtropical climate of Taiwan. In a previous 
child study without evaluating the applica-
tion dose of DEET, a median concentra-
tion of 7 × 10-4 µg/mL was reported from 
the urine of children of ages 1–6 (Arcury 
et al., 2007); in our study, the equiva-
lent DEET was recovered to be 1.3 µg/mL 
(median) in children’s urine. As for adults, 
eight employees of an American national 
park were applied with one gram of pure 
DEET in a 71% insect repellent on the skins 
and clothes per day, and urinary concentra-
tions of DEET ranging from nondetection 
to 5.69 µg/mL were recovered for 24 hours; 
other metabolites, however, were not deter-
mined (Smallwood et al., 1992). 

Our study, with a similar application 
amount, resulted in the median equivalent 
DEET concentration of 1.68 µg/mL, which 
fell in the low end of the range derived by 
Smallwood and co-authors (1992). Consid-
ering that our collection duration was eight 
hours, one-third of theirs, we think that our 
urinary data were fairly consistent with that 
of the previous report.

The major DEET metabolite, R3N0, was 
also found in human urine of the study 
conducted by Selim and co-authors (1995), 
which did not detect any unchanged DEET. 
The difference in detecting unchanged 
DEET between our study and theirs may 
have been due to the applying doses, which 
were approximately 80 times higher in 
our study. Other studies, referred to in the 

Chromatogram of DEET Metabolites in Children’s Urine

FIGURE 3
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article of Selim and co-authors (1995), 
reported that unchanged DEET was identi-
fied with applying doses similar to or higher 
than ours (Moody, Benoit, Riedel, & Rit-
ter, 1989; Wu, Pearson, Shekoski, Soto, & 
Stewart, 1979). 

It can be summarized that DEET was 
excreted to urine quickly, and doses exceed-
ing the capacity of metabolism would leave 
portions not metabolized. The unchanged 
DEET in urine was roughly 6.4% for chil-
dren, but up to 28.7% for adults; even with 
the fewer DEET urinary metabolites in total, 
the adult subjects had more unchanged 
DEET in quantity than did children (Table 
1). This result that children metabolized 
DEET far more than adults was supported 
by a number of studies (Evans et al., 1989; 
Ginsberg et al., 2002; Yanni et al., 2010), 
which indicated that hepatic clearances of a 
variety of drugs were higher from children 
than from adults.

Selim and co-authors (1995) also 
reported R3N1, the successor of R3N0 and 
R0N1, but it was not found in our study. 
This may have been owing to the high dose 
that made the enzymes work mostly to 
yield the initial metabolite, R0N1, or pos-
sibly to a certain extent due to the ethnic 
difference (western vs. Asian). As previous 
studies indicated, DEET metabolism under-
went two pathways, ring methyl oxidation 
to give R1N0 and N-deethylation to yield 
R0N1 initially. Several succeeding metabo-
lites, as shown in Figure 1, were observed 
from a number of human or animal studies 
(Schoenig, Hartnagel, Osimitz, & Llanso, 
1996; Taylor, 1986; Taylor & Spooner, 
1990; Wu et al., 1979), and even from a 
fungus study (Seo et al., 2005). Ring methyl 
oxidation was favored when the concentra-
tion was low, and N-deethylation caught 
up when DEET became rich (Constantino 
& Iley, 1999); the clearance with human 

liver microsomes, reported by Usmani and 
co-authors (2002), was approximately eight 
times higher for ring methyl oxidation than 
for N-deethylation. It is obvious that trans-
dermal permeation of DEET would have 
the occurrence of ring methyl oxidation 
first as DEET was in low quantity during 
the early process of absorption. Our results 
showing the high percentage of R3N0 
(78.2% for children, 46.1% for adults), 
the product of ring methyl oxidation, fair 
amounts of R0N1 (16.2% for children, 
23.9% for adults), and the initial metabolite 
of N-deethylation were consistent with that 
of previous studies.

The regression analysis indicated that 
the difference in J_E_DEET between the 
two age groups was attributed to DEET 
loading and height. DEET loading resulted 
from Fick’s first law of diffusion, whereas 
height, as an alternative of age, was 
inversely related to the dermal absorp-

Basic Information and DEET Urinary Metabolite Result of Child and Adult Subjects

Demographic Basic Information Metabolite Result

Weight 
(kg)

Height 
(cm)

SAAa 

(cm2)
DEET loading 

(mg/cm2)
R3N0 
(μg)

R0N1 
(μg)

Unchanged 
DEET 
(μg)

Total 
Equivalent 
DEET (μg)

Child

Female 
(n = 7)

Mean 20.7 115.3 958.4 2.36 GM a 872.4 187.2 50.3 1081

SD a 2.2 3.0 650 2.0 GSD a 1.6 1.8 3.1 1.5

Male 
(n = 10) 

Mean 23.1 118.1 1116 1.17 GM 873.2 175.9 91.1 1141

SD 2.8 4.5 424 1.0 GSD 1.6 3.6 2.7 1.8

All 
(n = 17)

Mean 22.1 116.7 1002 1.83 GM 872.9 180.5 71.3 1116

SD 2.8 4.0 511 1.5 GSD 1.6 2.8 2.9 1.7

Adult

Female 
(n = 4)

Mean 48.5 156.3 2061 0.64 GM 267.4 117.0 100.8 472.9

SD 6.0 2.6 626 0.3 GSD 1.5 1.6 1.6 1.5

Male 
(n = 5)

Mean 67.6 168.6 3401 0.37 GM 166.5 99.2 155.4 426.0

SD 10.5 7.6 768 0.1 GSD 1.9 2.2 2.4 2.0

All 
(n = 9)

Mean 59.1 163.1 2806 0.51 GM 205.5 106.8 128.2 446.2

SD 13.0 8.6 970 0.2 GSD 1.8 1.9 2.1 1.8

aSAA = surface area of application; SD = standard deviation; GM = geometric mean; GSD = geometric standard deviation.

TABLE 1
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tion of DEET, implying that the lower-
height subjects (i.e., children) had more 
dermal absorption of DEET than did the 
taller ones. Aging on percutaneous absorp-
tion may have been a factor, as a previous 
study reported that aged people had less 
dermal absorption of hydrophilic com-
pounds than young ones (Roskos, Mai-
bach, & Guy, 1989); that fact, however, 
was not likely to fit in with our finding, 
because the age gap in this study was 
not as large and DEET is more lipophilic 
than hydrophilic. Another factor that can 

be of concern is temperature, which has 
been confirmed to enhance percutaneous 
absorption of drugs by a number of stud-
ies (Boman & Maibach, 2000; Chang & 
Riviere, 1991; Craig, Cummings, & Sim, 
1977; Tominaga & Tojo, 2010; Wiechers, 
1989). The child subjects of our study had 
more physical activities and stayed less fre-
quently in air-conditioned environments; 
thus, the dermal temperature had to be 
usually higher than that of the adult sub-
jects and consequently resulted in more 
DEET absorption. No matter what really 

caused children to absorb more DEET than 
adults, our result did demonstrate such a 
fact, to which parents or guardians have to 
pay attention while using these products 
on children.

Conclusion
Our study identified DEET urinary metabo-
lites R3N0 and R0N1, and unchanged DEET, 
from child and adult subjects. Ring methyl 
oxidation was the predominant reaction 
to give rise to R3N0 more than R0N1 for 
the first eight hours. Dermal absorption of 
DEET was not only driven by the loading on 
the skin, but also inversely affected by body 
stature. 
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Pearson Correlations Between Absorption and Demographic Variables

Variables Sex Weight Height Application
Area

Age Group DEET Loading J_R3N0a J_R0N1a J_E_DEETa

Weight -0.19 1

Height -0.10 0.95** 1

Application 
area

-0.21 0.80** 0.88** 1

Age group 0.03 0.92** 0.97** 0.79** 1

DEET 
loading

0.24 -0.50** -0.55** -0.71** -0.48* 1

J_R3N0 0.19 -0.59** -0.64** -0.70** -0.58** 0.86** 1

J_R0N1 0.08 -0.43* -0.50** -0.61** -0.45* 0.71** 0.63** 1

J_DEETa -0.17 -0.22 -0.27 -0.25 -0.22 0.09 0.21 0.43* 1

J_E_DEET 0.14 -0.59** -0.65** -0.73** -0.59** 0.85** 0.95** 0.84** 0.42* 

aJ_X = the calculated steady-state flux of metabolite X (μg/cm2/s).
*p < .05 (two-tailed).
**p < .001 (two-tailed).

TABLE 2

Linear Regression Analysis of Absorption and Affecting Factors

Model Unstandardized Coefficients Standardized 
Coefficients

Significance R 2

B SE Beta

1 (Constant) 0.018 0.023 .454 .729

DEET loading 0.098 0.012 0.854 <.001

2 (Constant) 0.274 0.117 .029 .777

DEET loading 0.081 0.014 0.708 <.001

Height -0.002 0.001 -0.263 .036

Note. Dependent variable was J_E_DEET.

TABLE 3 
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 I N T E R N AT I O N A L  P E R S P E C T I V E S

Although most of the information presented 
in the Journal refers to situations within the 
United States, environmental health and 
protection know no boundaries. The Journal 
periodically runs International Perspectives to 
ensure that issues relevant to our international 
membership, representing over 30 countries 
worldwide, are addressed. Our goal is to raise 
diverse issues of interest to all our readers, 
irrespective of origin.

Introduction
The tidal surge associated with Tropical 
Cyclone Yasi culminated in asbestos-con-
taining material (ACM) becoming comin-
gled with soil, sand, vegetation, and other 
debris in the communities of Tully Heads 
and Hull Heads in Queensland, Australia. 
These are small communities on the north-
east coast of Australia, approximately 160 

km south of Cairns and 1,600 km north of 
Brisbane, the state capital of Queensland. 
The situation became a concern because 
improper handling and disposal of ACM 
could lead to future environmental and 
health issues (Luther, 2011). Further, no 
agreed-upon framework existed between 
key response agencies for handling ACM 
after a tidal surge, nor was there evidence of 

a similar situation occurring in recent Aus-
tralian history.

To facilitate preparedness for disasters, 
this article discusses what occurred and 
provides a framework for handling asbes-
tos, and possibly other public health risks, 
based on this experience. This article 
includes an overview of the cyclone, the 
definition of ACM, an outline of the pub-
lic health risk of asbestos, discussion of the 
response, and a description of the processes 
used. The lessons learned are also discussed 
in order to provide an understanding of the 
challenges that may arise if a similar situ-
ation is experienced. Finally, an imple-
mentation strategy is provided along with 
a suggestion that this approach be applied 
as a generic framework for other public 
health risks.

At Tully Heads and Hull Heads, many of 
the houses alongside the road parallel and 
closest to the beach suffered major damage 
from the tidal surge, and some single-story 
houses washed away (see photo on page 2).  
The tidal surge penetration inland was 
approximately 500 m and reached around 
1.5–2 m above the highest astronomical 
tide (James Cook University, 2011).

Prior to the cyclone, the largest hospi-
tal in the Cairns region, Cairns Base Hos-
pital, was evacuated. An evacuation also 
occurred of low-lying areas between Cairns 
and Townsville (James Cook University, 

Abst ract  The tidal surge associated with Tropical Cyclone 

Yasi—a Category 5 system—on February 3, 2011, culminated in 

asbestos-containing material (ACM) becoming comingled with soil, sand, 

vegetation, and other debris in the communities of Tully Heads and Hull 

Heads in Queensland, Australia. The situation was a major concern and 

the area was deemed by the Queensland Government a priority due to the 

potential public health risk. The immediate challenge was that no agreed-

upon operational framework existed between key response organizations 

for handling ACM after a tidal surge. This resulted in the development of 

strategies for addressing this situation during the response. An expansion 

of “declared disaster officers” under Queensland’s Disaster Management 

Act 2003 was required to allow licensed asbestos contractors to enter 

and clean up public and private land at Tully Heads and Hull Heads. This 
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2011). The cyclone impacted a region with 
a population of approximately 450,000 
(Australian Bureau of Statistics, 2012). 
No deaths or serious injuries occurred as 
a result of the impact of the cyclone. The 
power supply to more than 220,000 homes 
and businesses was interrupted, with sup-
plies restored to 200,000 homes and busi-
ness within the first week and the remain-
der connected within 23 days (Queensland 
Reconstruction Authority, 2011).

Tully Heads and Hull Heads 
Demographics
According to the Australian Bureau of 
Statistics (2011) census data, the popula-
tion of Tully Heads and Hull Heads was 
438 with 245 males and 193 females. The 
median age was 55 years. The most com-
mon ancestries were English, 33%; Austra-
lian, 27%; Irish, 9%; Italian, 8%; and Ger-
man, 6%. The majority of people were born 
in Australia (86%) and the most common 
overseas countries were England, New 
Zealand, Hungary, Italy, and Netherlands. 
At the time of census the most common 
religions were Catholic, 31%; no religion, 
24%; Anglican, 22%; Uniting Church, 8%; 
and Presbyterian and Reformed, 6%. The 
families were 25% couples with children, 
59% were couples without children, and 
16% were one-parent families.

ACM
Asbestos is a generic name that refers to a 
group of six naturally occurring fibrous sili-
cate minerals (actinolite, amosite, anthophy-
lite, chrysotile, crocidolite, and tremolite) 
(Mahini, 2005). These fibrous minerals have 
properties that make asbestos cost-effective 
and versatile. They have high tensile strength, 
chemical and thermal stability, flexibility, 
and low electrical conductivity (Masayuki & 
Seiirchiro, 2006). ACM is made up of prod-
ucts or materials that contain asbestos in an 
inert bound matrix such as cement or resin 
(Department of Health, 2009). This mate-
rial is included in building products such as 
profiled sheets used on roofs and walls and 
flat sheets in flashings, imitation brick clad-
ding, roof shingles, plaster patching com-
pounds, textured paint, and vinyl floor tiles 
(Occupational Health and Safety Unit, 2011). 
Although asbestos is now banned from use in 
Australia, it was a component of thousands of 
different products used in the community and 
industry from the 1940s until the late 1980s 
with some uses of asbestos products, mainly 
friction materials and gaskets, continuing 
until December 31, 2003 (Department of Jus-
tice and Attorney-General, 2009).

What Is the Public Health Risk?
Asbestos exposure has been shown to cause 
mesothelioma as well as lung cancer and 

nonmalignant pulmonary and pleural dis-
orders (Kukkonen et al., 2011). Mesothe-
lioma is caused by the inhalation of nee-
dle-like asbestos fibers deep into the lungs 
where they can damage cells (National 
Occupation Health and Safety Commis-
sion, 2005). The latency period between 
initial exposure and the onset of disease is 
15 or more years, but varies with intensity 
of exposure (Antao, Pinheiro, & Wassell, 
2009). Mesothelioma was once rare, but 
its incidence is increasing throughout the 
industrial world as a result of past expo-
sures to asbestos. Australia has the highest 
incidence in the world (National Occupa-
tion Health and Safety Commission, 2005) 
along with Belgium and Great Britain (Bian-
chi & Bianchi, 2006). 

Asbestos poses a risk to health whenever 
asbestos fibers become airborne and people 
are exposed to these fibers (Occupational 
Health and Safety Unit, 2011). Asbestos 
fibers are common in the general environ-
ment at low levels. According to Queensland 
Health (2010), low-level exposure to asbes-
tos fibers is considered unlikely to result in 
the development of an asbestos-related dis-
ease, as fiber concentrations are likely to be 
insufficient to increase cumulative lifetime 
exposure. ACM when dry is considered fri-
able and may become crumbled, pulverized, 
or reduced to powder by hand pressure. In 
this form ACM poses the greatest health risk 
(Department of Education, 2007). Although 
asbestos can have dangerous health effects, 
it is safe if handled correctly (Department 
of Justice and Attorney-General, 2011). The 
lack of immediate health effects has often 
meant that victims are unaware of the risks 
and subsequently exposure to the hazard can 
continue over a long period, causing serious 
health effects (Department of Justice and 
Attorney-General, 2009).  

If left undisturbed, ACM poses a negli-
gible health risk because the asbestos fibers 
are bound (Queensland Health, 2010). Air 
testing near the ground has shown the con-
centration of fibers is very low for undis-
turbed asbestos, very similar to it not being 
present (The Western Australian Advisory 
Committee on Hazardous Substances, 
1990). All types of asbestos, if disturbed 
(i.e., through drilling and cutting) and 
inhaled at sufficient doses, can be harmful 
(Valić, 2002). The potential health impacts 

Impact of tidal surge—damage to external walls on the seaward side of a house.
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posed by different asbestos minerals and 
fiber dimensions should be treated as equiv-
alent (Department of Health, 2009). The 
World Health Organization control limit for 
asbestos fibers in any localized atmosphere, 
measured and averaged over four hours, is 
0.1 asbestos fibers per cubic centimeter of 
air (0.1 f/cm3). This is not deemed to be a 
safe level and any type of work activities 
involving asbestos should be designed to 
be as far below the control limit as possible 
(Health and Safety Executive, 2011).

ACM in a Disaster Response 
One of the immediate problems after a 
disaster is the mixing of hazardous and 
nonhazardous wastes (Wisner & Adams, 
2002). ACM is considered a hazardous 
waste and as such needs to be identified 
early during a disaster response and han-
dled appropriately to prevent any risks to 
public health. This is particularly impor-
tant to ensure subsequent disturbance and 
dissemination do not occur across the area 
and result in costly delays and extra inves-
tigative and remediation effort (Depart-
ment of Health, 2009). Improper disposal 
of ACM may lead to future environmental 
health issues and highlights the need for 
an agreed-upon and coordinated approach 
when handling ACM after a disaster 
(Luther, 2011). Further, it is unlikely that 
the community, response volunteers, and 
workers will, in the first instance, be pro-
vided with appropriate personal protective 
equipment (PPE), thus increasing their 
risk of long-term health problems (Alex-
ander & Liangmahe, 2008).

Response to Tropical Cyclone Yasi
The communities of Tully Heads and Hull 
Heads in the Cassowary Coast Regional 
Council (CCRC) area, Queensland, Austra-
lia, were heavily impacted by a tidal surge 
from Tropical Cyclone Yasi. Due to the age 
of some dwellings (pre-1990s), the tidal 
inundation resulted in ACM becoming com-
ingled with other debris and impregnated in 
the soil across private and public land (see 
photo above). An initial environmental 
health rapid assessment of Tully Heads and 
Hull Heads was conducted on February 4, 
2011, by teams of environmental health 
officers (EHOs) from Queensland Health in 
response to Tropical Cyclone Yasi.

The situation became a major concern 
and the area was deemed a priority due to 
the potential public health risk and grow-
ing media interest. The local communities 
used the media to get messages across to 
politicians and the general public about 
the issue and the need for rapid assistance. 
The issue was also escalated due to an 
upcoming state election. 

The main public health concern was 
that if ACM was not cleaned up, or it 
was stored untreated, a further risk to 
public health may be presented through 
future daily activities such as lawn mow-
ing and gardening. The immediate risk to 
public health associated with an appro-
priate cleanup was considered minimal; 
however, ACM is not biodegradable and 
if left unmanaged it presents an unknown 
public health risk in the future. Also, the 
full extent of the situation was unknown 
as the area was initially inaccessible for 
response agencies.

In response, key messages on the safe 
handling of ACM were communicated 
through newsletters, talk back radio, and 
information at community centers. A 
list of licensed contractors for asbestos 
removal and transport was made available, 
and residents, the state emergency service, 
and the army were also requested to notify 
CCRC of any suspected asbestos debris in 

the area and if possible to cordon off the 
area to restrict or prevent access. 

The public was provided with access 
to asbestos kits containing gloves, masks, 
tape, plastic, and body suits at all commu-
nity centers. Initially, it was business as 
usual for a disaster response: 
• ACM on private property was the respon-

sibility of the owner/occupier;
• owners/occupiers were requested to sepa-

rate debris and place on the curbside and 
if possible double-wrap ACM in plastic; 
and

• CCRC collected ACM for disposal.
CCRC commenced remediating the 

public land at Tully Heads on February 
10, 2011. This was being undertaken by 
a qualified asbestos removalist team. It 
quickly became evident that the con-
tamination of the tidal surge areas of 
Tully Heads and Hull Heads was beyond 
the capacity of local resources. At the same 
time a significant amount of media and 
political interest was present about the 
need to remediate the area quickly to allow 
the community to go back to their homes. 
This included community meetings with 
Members of Parliament to rally support.

On February 11, 2011, the estimated 
cost for the ACM cleanup of residential 
properties was reported as far exceeding 
insurance payouts. Subsequently, prop-

Tully Heads with asbestos-containing material on public and private land.
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erty owners were going to find it difficult 
to cover the costs in ensuring the appro-
priate disposal of the hazardous waste 
and remediation of their property. Due 
to this issue and the growing concerns 
about the heavy amounts of ACM com-
ingled with other debris, a decision was 
made by CCRC and Queensland Health 
that the cleanup of this area would need 
to be funded and undertaken by licensed 
asbestos contractors. 

At the Local Disaster Management Group 
(LDMG) and District Disaster Management 
Group (DDMG) meeting on February 16, 
2011, a decision was made that the Depart-
ment of Public Works (QBuild) would lead 
the response in the Tully Heads and Hull 
Heads areas affected by the tidal surge. To 
guide this response an asbestos working 
group (AWG) was formed to coordinate 
and address all issues throughout Tully 
Heads and Hull Heads. The members of the 
AWG included Queensland Police (Chair); 
Queensland Health; QBuild; Department 
of Environmental and Resource Manage-
ment; CCRC; Workplace Health and Safety; 
Department of Employment, Economic 
Development and Innovation; and the 
Department of Communities.  

The AWG met for the first time on Feb-
ruary 16, 2011, to formulate a strategy for 
commencing works. This included dis-
cussing the scope of work; possibilities for 
evacuating the area while heavy machinery 
was being used for the cleanup, transpor-
tation, and appropriate handling and dis-
posal of ACM; provision of PPE to workers 
and residents; and appropriate commu-
nication to the residents. As a number of 
government agencies with a vested inter-
est in asbestos-related issues were being 
represented, a course of action had to be 
determined and agreed upon (e.g., educa-
tion rather than enforcement).

The need for the DDMG to extend the def-
inition of “declared disaster officers” under 
Queensland’s Disaster Management Act 
2003 to clean up Tully Heads and Hull Heads 
was also discussed and later approved. These 
powers are generally provided for respond-
ers such as ambulance officers, fire officers, 
health officers, police officers, and other 
people who have the necessary expertise or 
experience to exercise the powers. Powers 
include the ability to control the movement 

of people, enter property, destroy or demol-
ish property, etc. In this situation, expan-
sion of the “declared disaster officers” was 
required to include licensed contractors so 
they could carry out the required tasks in 
the declared disaster area. This declaration 
was the first time a group of people had been 
given such powers in Queensland.  

A key element of the AWG was to ensure 
effective communication with the residents 
and the general public. The AWG addressed 
a public meeting at Tully Heads on Febru-
ary 16, 2011. During the meeting residents 
were advised the group had been formed 
with a directive to ensure that their com-
munity was efficiently and safely cleaned 
as a matter of urgency. Residents were also 
advised that PPE and appropriate bagging 
materials in asbestos packs were available 
to all residents in the area to ensure expo-
sure to asbestos fibers was minimized dur-
ing cleanup operations (if they chose to stay 
in the area).

On February 18, 2011, the remediation 
of affected areas of public and private land 
commenced. As part of this an approved 
emergency disposal site at Hull Heads was 
opened. Teams of asbestos removal contrac-
tors were mobilized and they removed bro-
ken ACM from yards, streets, road verges, 
footpaths, and mangrove areas behind 
properties and the top layer (approxi-
mately 300 mm) of sand containing debris. 

PPE was continually made available to all 
residents in the affected areas and QBuild 
was communicating with the community 
(via newsletters) about the works. Permis-
sion was granted for volunteers to assist 
on the condition that a licensed asbestos 
contractor was present. Also, Queensland 
Police Service and QBuild road blocks were 
put in place to ensure that only authorized 
residents and contractors were permitted 
access to the site during remediation. 

One month after the cyclone crossed the 
coast, on March 7, 2011, the ACM cleanup 
in the areas of Tully Heads and Hull Heads 
was declared complete. Throughout the 
cleanup, newsletters were continually dis-
tributed to residents every few days about 
the status of the remediation and the pre-
cautions required ensuring the safe removal 
of ACM within their own yards. 

It was estimated that within Tully Heads 
and Hull Heads, 50% of general waste piles 

contained ACM. Both communities were 
remediated with the top 300 mm of soil 
taken from affected areas with a total of 
7,000 m3 of contaminated soil disposed of 
at the old Hull Heads landfill. This soil was 
capped by 800 mm of a clay-based mate-
rial and 300 mm of mulch, then fenced and 
signed to prevent any future environmental 
health risks.

Legislative Powers
In Queensland, Australia, the Public Health 
Regulation 2005 provides the primary leg-
islative guidance for handling asbestos. 
Homeowners and owner-builders must hold 
a certificate to remove more than 10 m2 of 
nonfriable (bonded) asbestos materials 
(Queensland Government, 2011). Remov-
ing more than 10 m2 of nonfriable asbestos 
materials must be undertaken by a licensed 
asbestos removalist (Queensland Govern-
ment, 2011). This presented a challenge as 
most private properties had more than 10 m2 

of nonfriable asbestos and occupiers did not 
hold an appropriate certificate.  

The ambiguity of the legislation and its 
administration added complexity to the 
response. Administration is shared between 
local government, Queensland Health, 
and Workplace Health and Safety. Gen-
erally, enforcement on private property 
is undertaken by EHOs from Queensland 
Health, and Workplace Health and Safety 
regulate licensed asbestos contractors or 
removalists (e.g., workplaces and busi-
nesses). On Queensland government-
owned land, the Department of Public 
Works overseas asbestos management 
activities for the state. 

Access to property was not a major issue 
during the response. Business-as-usual pro-
cesses were followed during the response, 
which included seeking permission to 
enter. As it was a declared disaster area 
under the Disaster Management Act 2003, 
however, any place in the declared area 
could be accessed by authorized people.

Funding
The cleanup of Tully Heads and Hull 
Heads was funded through the Austra-
lian Government Natural Disaster Relief 
Recovery Arrangements (NDRRA). The 
arrangements are formed around three lev-
els of government: local, state, and fed-
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eral (Department of Community Safety, 
2012). The Queensland disaster manage-
ment arrangements, however, include an 
additional state government tier between 
local and state governments known as 
disaster districts (Department of Commu-
nity Safety, 2012). This model allows for 
an effective operational service delivery to 
support local communities in a large geo-
graphical and decentralized state. 

Once a disaster is declared by the Premier 
of Queensland or relevant minister, grant 
schemes and other assistance programs are 
activated. For example, when local resources 
are overwhelmed in a disaster situation, assis-
tance (including funding) is sought from the 

district. This process is replicated up through 
the system until support is received. The 
support and delivery of services are always 
focused on the local government. 

In this situation, support was provided by 
the district and state to clean up Tully Heads 
and Hull Heads. The overall cost for the 
cleanup is unknown but the damage from 
Tropical Cyclone Yasi was estimated to cost 
U.S. $950 million (The Australian, 2011).

Framework for Handling Asbestos 
After a Disaster
During the response it became evident that 
no agreed-upon framework existed for the 
handling of ACM after a disaster. Using the 

steps undertaken during the response and 
through consultation with the Far North 
Queensland Public Health Disaster Man-
agement Working Group (working group), 
a framework for handling asbestos after a 
disaster has been developed (Figure 1). The 
working group is made up of environmen-
tal health and disaster management experts 
from across the region. 

The purpose of the framework is to provide 
guidance on the steps to be undertaken. For 
this framework to be effective and applied 
locally it is vital for LDMGs to undertake 
stakeholder engagement and determine who 
performs the necessary steps (e.g., conduct-
ing field assessments, clarifying the priority 

Asbestos Handling Framework

ACM = asbestos-containing materials.

Public awareness about the
asbestos risk and precautions

that can be taken 
 

 
 

Reduce public health risk
This may include preventing entry 
into the community until the risk 

is removed or reduced

 

 

 Facilitate cleanup
Provide the public with access to

asbestos kits, information on clean up
requirements, and advice about storage

of ACM waste for collection 
 

High priority
(i.e., nonbonded and bonded ACM 

comingled with other debris on public 
and private land) 

 

 

Low priority
(i.e., no ACM debris) 

 
 

Removal and remediation
Removal of ACM from public and 
private land. Depending on the 

situtation, this may be conducted by 
local and/or state government

in consultation with the community

 

 

Ongoing updates to 
public on level of risk,
actions being taken, 

and precautinary
measures required 

 

 Assessment within 48 hours
Field assessments to

determine priority  

Medium priority
(i.e., bonded ACM debris)

 
  

Collection and disposal of ACM

 

 
Cleanup

Private land cleaned by occupiers, owners, or 
licensed contractors. Public land cleaned by 

local government. Waste collected stored 
appropriately at designated areas 

(i.e., curbside)

Disaster
 

 
Stakeholder Engagement

Engagement of key stakeholders
to clarify roles and responsibilities  

No public health risk

 

FIGURE 1
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definition, and who completes the reme-
diation). It is recommended that an assess-
ment of a community be completed within 
48 hours to determine the priority of the 
required actions. Due to limitations in the 
rapid identification of ACM this would only 
include a visual inspection. Although this 
is not 100% accurate this method allows an 
investigator to establish a reasonable belief 
that ACM is or is not present. This approach 
is supported in Queensland by the Public 
Health Act 2005, which allows reasonable 
belief to be used as justification for a public 
health order (a direction for certain action to 
be undertaken).  

The assessment of ACM involves answer-
ing three questions about the house/structure:
• Is it built before 1990? 
• Does the material look like a material 

known to contain asbestos? 
• Is the material installed in a location 

where ACMs were known to be used?
The underlying theme of any visual 

inspection would be to categorize any 
suspected material as ACM (Queensland 
Health, 2008). The subsequent actions 
required would be determined by priority:
• high-priority areas would be defined 

as areas where nonbonded and bonded 
ACM are comingled with other debris 
(e.g., tidal surge);

• medium-priority areas have bonded ACM 
debris that has not been comingled; and

• low-priority areas are where no ACM 
debris is present.
The immediate actions required for a 

high-priority area may include prevent-
ing entry into a community until the risk 
is removed or reduced. Meanwhile, for 
a medium-priority area this may result 
in a local government providing access 
to asbestos kits, information on cleanup 
requirements, and advice about storage of 
ACM waste for collection. For a low-prior-
ity area, no action is required.

A need exists for ongoing public aware-
ness to be undertaken as a parallel activity. 
This would include the provision of advice 
around the handling and storage of ACM 
(e.g., keep wet and covered), and where 
residents could collect asbestos-handling 
kits. Advice would also be provided about 
the separation of ACM from other debris, 
labeling requirements, and the need to 
restrict access, particularly for children. 

Implementation Strategy
To enhance preparedness for disasters, the 
following suggested actions have been pro-
vided for governments and key response 
organizations to effectively manage ACM. 
It is recommended these actions be comple-
mented by the asbestos-handling framework 
in Figure 1.  
1. Establish an agreed-upon framework for 

handling ACM after a disaster.
2. Develop an understanding of the commu-

nities that have buildings with suspected 
ACM. This information can then be used 
to determine the priority areas for assess-
ment after a disaster. It is recommended 
that an asbestos map (similar to a flood 
map) of communities be created.

3. Conduct monitoring of airborne ACM 
(in areas where ACM is believed to be 
present) to measure the level of public 
health risk and allow appropriate actions 
to be taken (e.g., preventing people from 
entering a community unless they are 
wearing PPE).

4. Identify disposal sites for ACM and the 
processes that will be undertaken to 
transport the debris.

5. Develop fact sheets to ensure consistent 
and accurate messages are communi-
cated to the public.

6. Determine who will conduct rapid assess-
ments (within 48 hours) of communities 
after a disaster. It is also important to 
ensure these people have the appropriate 
skills and training. Also, formalize how 
this will be conducted (e.g., the tools that 
will be used, transportation to assess-
ment sites, and reporting structure).

7. Maintain a store of asbestos cleanup 
packs that can be efficiently accessed and 
distributed throughout the community 
after a disaster.

8. Document the process in the appropriate 
disaster management plan. 

Application of Framework to Other 
Public Health Risks
The asbestos-handling framework (Figure 1) 
and implementation strategy can be applied 
to any public health risk after a disaster. It 
provides a generic template for ensuring 
preplanning is conducted with all stakehold-
ers, provides a mechanism for systematically 
identifying public health risks prior to a disas-
ter, and allows interventions to be based on 

evidence. For example, point two from the 
implementation strategy could be expanded 
beyond identifying buildings with suspected 
ACM to gathering baseline public health 
data (e.g., drinking water system, location 
of chemical plants, type of sewage systems, 
etc). All of these are vital for identifying and 
measuring the impact of a disaster on pub-
lic health. Such an approach would ensure a 
comprehensive framework is available to effi-
ciently prepare for and respond to the public 
health risks associated with disasters.

Lessons Learned
• Most communities in Australia have 

some structures containing ACM and 
during cyclones, floods, fires and tidal 
surges, this material will be scattered and 
may pose a public health risk. 

• The main objective during a disaster 
response must be to minimize the risk 
to all of the community while removing 
ACM and other hazardous material.

• During a disaster situation, simple plans 
produce less confusion.

• Community awareness of what is hap-
pening during a disaster response is vital.

• An agreed-upon framework needs to be in 
place between responding organizations 
for handling ACM prior to a disaster.

• A framework for handling ACM needs to 
be included in disaster management plans, 
which also requires a disposal site that will 
receive the material during the response.   

• A comprehensive environmental health 
response framework is required to 
address all public health risks before and 
after a disaster.

Conclusion
The tidal surge associated with Tropical 
Cyclone Yasi facilitated the comingling 
of ACM with soil, sand, vegetation, and 
other debris in Tully Heads and Hull Heads 
thus providing a unique challenge to both 
the community and the response organi-
zations managing the disaster cleanup. 
The main challenge was no agreed-upon 
framework existed between key response 
organizations for handling ACM after a 
tidal surge. This required the strategies for 
addressing this situation to be developed 
during the response. The response included 
the establishment of an asbestos working 
group, which developed and implemented a 
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improvements can be undertaken, how-
ever, to enhance efficiency. The most vital 
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among response organizations, which will 
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paredness, and more broadly improve 
responses to public health risks associated 
with future disasters. 
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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.

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

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.
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CAREER OPPORTUNITIES

Food Safety Inspector 
UL Everclean Services is the leader in the restaurant inspec-
tions market. We offer opportunities throughout the country. 
We currently have openings for professionals to conduct Q.A. 
audits of restaurants. 
Alaska
Albuquerque, NM
Atlanta, GA
Baton Rouge, LA
Boise, ID
Buffalo, NY
Butte, MT
Cleveland, OH
Columbus, OH
Dallas, TX
Houston, TX
Little Rock, AR

McAllen, TX
Mobile, AL
Montreal, QC (Canada)
New Orleans, LA
Ottawa, ON (Canada)
Pittsburgh, PA
Pocatello, ID
Puerto Rico
Rochester, NY
Rogers, AR
Spearfish, SD

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. 

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 

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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Assistant Professor of Environmental Health 
Non-Tenure Track Appointment 

 
Position Summary: The Department of Public Health at Temple University seeks an Assistant 
Professor, non-tenure track appointment to teach in its undergraduate and graduate programs. 
Specific responsibilities will include teaching undergraduate or graduate courses (3-4 per 
semester) in the content area of Environmental Health, curriculum evaluation, updates of 
existing courses, and serving on various departmental and university committees.  
 
The Department of Public Health has several masters’ degrees, including the MPH, and a PhD 
in Public Health. With over 300 undergraduate majors, a CEPH accredited BS degree in public 
health is also offered. Public health education at Temple University has been accredited by the 
Council on Education in Public Health since 1985; current accreditation runs through 2016. The 
department has 26 full time faculty and numerous adjunct faculty from the community. Faculty 
have a diverse range of public health interests and research activities, including social and 
behavioral sciences, global health, epidemiology, biostatistics, environmental health, and health 
policy.  
 
Appointment: The appointment is an Assistant Professor, 9-month, non-tenure track, faculty 
position within the Department of Public Health, which is housed in the College of Health 
Professions and Social Work. Salary is competitively set and full benefits are included with the 
position. This appointment is for one academic year, August 18, 2014 to June 30, 2015 with the 
potential for renewal. 
 
Qualifications: Applicants must have a doctoral degree in a field relevant to the environment 
and human health, as well as a prior record of outstanding teaching, excellent oral and written 
communication skills, and an ability to interact with a variety of public health professionals. 
Teaching experience and expertise should include core environmental health competencies at 
the graduate and undergraduate level, and at least one of the following areas: environmental 
regulation and policy, GIS, workplace health and safety, or instrumentation and exposure 
assessment. 
 
Please send curriculum vitae, contact information for three references, and an introductory 
letter to:  
 

Public Health Faculty Search Committee 
Department of Public Health  

Temple University  
1301 Cecil B Moore Avenue  

Ritter Annex, 9th floor 
Philadelphia, PA 19122-6091 

 
Electronic submissions may be sent to: hausman@temple.edu 

 
Temple University is an equal opportunity/affirmative action institution. People of color, women, 

veterans, and persons with disabilities are encouraged to apply. 
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EH C A L E N D A R

UPCOMING NEHA CONFERENCES

July 7–10, 2014: NEHA’s 78th Annual Educational Confer-
ence & 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

Alabama
April 9–11, 2014: 2014 Annual Education Conference, spon-
sored by the Alabama Environmental Health Association, The 
University of Alabama at Birmingham, AL. For more informa-
tion, visit www.aeha-online.com. 

Arizona
March 12–13 , 2014: AZEHA Spring Conference, sponsored  
by the Arizona Environmental Health Association, Arizona  
State University, Tempe, AZ. For more information, visit  
www.azeha.org.

California
March 31–April 4, 2014: 63rd Annual Educational Sym-
posium, “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.

Idaho
March 19–20, 2014: 2014 Annual Educational Conference, 
sponsored by the Idaho Environmental Health Association, 
Boise, ID. For more information, visit www.ieha.wildapricot.org.

Iowa
April 1–2, 2014: Iowa Governor’s Conference on Public 
Health, partnered by the Iowa Environmental Health Associa-
tion, Scheman Conference Center, Ames, IA. For more infor-
mation, visit www.ieha.net.

Kentucky
February 18–20, 2014: KAMFES Conference, sponsored by 
the Kentucky Association of Milk, Food, and Environmental 
Sanitarians, Marriott Griffin Gate Resort, Lexington, KY. For 
more information, visit www.kamfes.com.

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. 

Minnesota
January 30, 2014: Winter Education Conference,  sponsored by 
the Minnesota Environmental Health Association, University of 
Minnesota Continuing Education and Conference Center, St. Paul, 
MN. For more information, visit www.mehaonline.org/events.

New Jersey
March 2–4, 2014: Annual Conference & Exhibition, spon-
sored by the New Jersey Environmental Health Association, 
Tropicana Resort and Casino, Atlantic City, NJ. For more infor-
mation, visit www.njeha.org.

Ohio
April 15–16, 2014: 2014 Spring Annual Education Confer-
ence, sponsored by the Ohio Environmental Health Association, 
Worthington Double Tree Hotel, Columbus, OH. For more infor-
mation, visit www.ohioeha.org/annual-education-conference.aspx.

Utah
April 2–4, 2014: Spring Conference, sponsored by the Utah 
Environmental Health Association, Moab, UT. For more infor-
mation, visit www.ueha.org/events.html.

Washington
May 12–13, 2014: 2014 Annual Educational Conference, “En-
vironmental Public Health—Improving Quality of Life in Our 
Communities,” sponsored by the Washington State Environ-
mental Health Association, Great Wolf Lodge, Grand Mound, 
WA. For more information, visit www.wseha.org/2014-aec/.

Wisconsin
April 15–16, 2014: Spring Education Conference, sponsored  
by the Wisconsin Environmental Health Association, Kalahari 
Resort, Wisconsin Dells, WI. For more information,  
visit www.weha.net.

TOPICAL LISTINGS

Healthy Homes
May 28–30, 2014: National Healthy Homes Conference, 
sponsored byt the U.S. Department of Housing and Urban 
Development, Rebuilding Together, HGTV, and DIY  
Network, Nashville, TN. For more information, visit  
www.healthyhomesconference.org.

Smart Growth
February 13–15, 2014: 13th Annual New Partners for Smart 
Growth Conference, organized by the Local Government Com-
mission, Hyatt Regency Hotel, Denver, CO. For more informa-
tion, visit www.newpartners.org/program. 
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JEH  QUIZ
FEATURED ARTICLE QUIZ #4

Effects of Centralized and Onsite Wastewater Treatment on the Occurrence  
of Traditional and Emerging Contaminants in Streams

A vailable to those holding an Individual 
NEHA membership only, the JEH Quiz, 

offered six times per calendar year through 
the Journal of Environmental Health, is a 
convenient tool for self-assessment and an 
easily accessible means to accumulate 
continuing-education (CE) credits toward 
maintaining your NEHA credentials.

1. Read the featured article carefully.

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

3. a) Complete the online quiz at  
www.neha.org (click on “Continuing 
Education”),

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

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

 Be sure to include your name and 
membership number!

4. One CE credit will be applied to your 
account with an effective date of 
January 1, 2014 (first day of issue).

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

6. You’re on your way to earning CE hours!

Quiz Registration 

Name

NEHA Member No.

Home phone

Work phone

E-mail

1. Nationwide, an estimated __ gallons of untreated 
sewage are discharged annually through leaking 
or overflowing sewer lines. 
a. 1 million
b. 3–10 million
c. 1 billion
d. 3–10 billion

2. From the study data, streams draining residential 
areas showed relatively __ differences with respect 
to the type of wastewater treatment utilized in that 
area.
a. no 
b. small
c. large

3. All of the following are considered emerging 
contaminants in streams from wastewater with 
the exception of
a. hormonally active compounds.
b. personal care products.
c. nutrients.
d. pharmaceuticals.

4. In a 1999–2000 survey, pharmaceutical 
compounds, hormones, and other organic 
compounds were detected in __ of the streams 
sampled.
a. 80%
b. 70%
c. 60%
d. 50%

5. Onsite wastewater treatment systems are used by 
about __ of the U.S. population. 
a. 20%
b. 30%
c. 40%
d. 50%

6. Which of the two counties sampled in this study 
had the highest number of residents relying on 
onsite wastewater treatment?
a. Durham County.
b. Orange County.

7. It is estimated that __ of U.S. septic systems are 
older than the estimated effective lifespan of an 
onsite wastewater treatment system.
a. 11%
b. 30%
c. 50%
d. 72%

8. Overall, NO2+NO3-N concentrations were 
statistically higher in samples from sites in areas 
of centralized wastewater treatment than from 
sites in areas of onsite wastewater treatment.
a. True.
b. False.

9. Concentrations of __ were lower in samples from 
sites in areas of onsite wastewater treatment 
than from sites in areas of centralized wastewater 
treatment.
a. chloride
b. chloride and nitrogen
c. calcium
d. potassium and sulfate

10. The greatest number of pharmaceuticals (six) was 
detected in samples from a site which is located in 
an area of __ wastewater treatment.
a. centralized
b. onsite

11. The highest coliform densities for the June 1 
and June 16 sampling periods were detected in 
samples from a site that is located in an area of 
__ wastewater treatment.
a. centralized
b. onsite

12. The results of the study indicate that properly 
functioning onsite wastewater treatment systems 
had little effect on stream quality.
a. True.
b. False.

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

 Quiz deadline: April 1, 2014

JEH Quiz #2 Answers
October 2013

1. e 4. d 7. b 10. d
2. a 5. c 8. c 11. a
3. d 6. a 9. d 12. d
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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 Health: From Global to Local 
(Second Edition)
Edited by Howard Frumkin (2010)

This comprehensive introductory text 
offers an overview of the methodology 
and paradigms of this burgeoning field, 
ranging from ecology to epidemiology, 
from toxicology to environmental psy-
chology, and from genetics to ethics. 
Expert contributors discuss the major 
issues in contemporary environmental 
health: air, water, food safety, occupa-
tional health, radiation, chemical and 

physical hazards, vector control, and injuries. Also emphasizing 
a wide variety of issues of global interest, the thoroughly revised 
second edition contains updated information on such timely 
topics as toxicology, exposure assessment, climate change, pop-
ulation pressure, developing nations and urbanization, energy 
production, building and community design, solid and hazard-
ous waste, and disaster preparedness.
1,221 pages / Hardback / Catalog #409
Member: $89 / Nonmember: $94

The Complete Guide to Climate Change
Brian Dawson and Matt Spannagle (2009)

For anyone trying to separate the fact 
from the fiction, The Complete Guide to 
Climate Change is an indispensable 
resource. Taking you through the A to Z 
of the key scientific, geographical, and 
sociopolitical issues involved in the 
study of the environment and the impli-
cations of mankind’s effect upon it, top-
ics covered include 1) environmental 
science—the carbon cycle and the 
“greenhouse gases”; 2) the impacts of cli-

mate change on life, land, and sea; 3) mitigation strategies from 
carbon capture to carbon taxes; 4) the Kyoto Protocol and 
UNFCCC; and 5) renewable fuel sources, from wind to solar 
power. Including guides to the latest scientific and governmental 
thinking on climate change, this book will tell you all you need 
to know about perhaps the biggest issue facing mankind today.
436 pages / Paperback / Catalog #1077
Member: $32 / Nonmember: $35

Introduction to Air Pollution Science: A Public 
Health Perspective 
Robert F. Phalen and Robert N. Phalen (2012)

This book offers a broad foundation for 
understanding the environmental issues 
associated with air pollution and its 
impact on human health. Echoing the 
approach to air pollution currently used 
by the U.S. Environmental Protection 
Agency, this groundbreaking book gives 
readers a solid grasp of this evolving 
field. It contains in-depth coverage of 

diverse subjects including sampling and analysis; visibility, cli-
mate, and the ozone layer; human exposures to air pollutants; 
toxicology and epidemiology studies; as well as risk assessment 
and ethics. This timely resource also addresses more specific 
issues like acid deposition, ozone depletion, environmental jus-
tice, clean technologies, and global climate change, providing 
readers with the analytical skills they need to comprehend 
today’s air pollution challenges.
331 pages / Paperback / Catalog #1123
Member: $79 / Nonmember: $85

Public Health for the 21st Century:  
The Prepared Leader
Louis Rowitz (2006)

Public health has moved to the forefront 
of national interest and scrutiny in the 
light of present day events. Public health 
professionals are now regulars in all forms 
of media, something unheard of just a few 
years ago. The issues are well known—
bioterrorism, SARS, West Nile virus—and 
they are enough to panic a population 
without skillful leadership. Public Health 
for the 21st Century: The Prepared Leader 
examines public health leadership in 

terms of emergency preparedness and specific skills and tools. As 
modern-day threats force leaders to look at how they address 
disasters and drive communities to prepare themselves, this book 
provides tools and real-life cases to hone management skills to 
prepare agencies to deal with large-scale events.
521 pages / Paperback / Catalog #932
Member: $104 / Nonmember: $109 
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Choose from the most complete library of environmental health 
resources available—more than 150 texts, as well as recent Journal 
of Environmental Health (JEH) articles and E-Journal issues. NEHA’s 
Bookstore allows you to search for resources by topic and gives you 
the opportunity to peruse resource descriptions and table of contents. 

Purchase online or call

www.neha.org/store   303.756.9090

AEC & Exhibition

Air Quality

All-Hazards Preparedness

Clearance Books

Credential Study References

Epidemiology

Food Safety and Protection

Food Safety Training Resources

General Environmental Health

Hazardous Materials

JEH Articles and E-Journal Issues

NEHA Merchandise

Occupational Health

Sustainability

Swimming Pools/Spas

Toxicology

Vector Control

Water Quality

Workforce Development
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 I pledge to be a NEHA Endowment Foundation Contributor in the following category:

❍ Delegate Club ($25) ❍ Affiliates Club ($2,500) ❍ Visionary Society ($50,000)
❍ Honorary Members Club ($100) ❍ Executive Club ($5,000) ❍ Futurists Society ($100,000)
❍ 21st Century Club ($500) ❍ President’s Club ($10,000) ❍ You have my permission to disclose the fact and
❍ Sustaining Members Club ($1,000) ❍ Endowment Trustee Society ($25,000)  amount (by category) of my contribution and pledge.

I plan to make annual contributions to attain the club level of   over the next   years.

Signature Print Name 

Organization Phone 

Street Address  City State Zip 

❍ Enclosed is my check in the amount of $  payable to NEHA Endowment Foundation.

❍ Please bill my: MasterCard/Visa Card #  Exp. Date  

Signature 

MAIL TO: NEHA, 720 S. Colorado Blvd., Suite 1000-N, Denver, CO 80246, or FAX to: 303.691.9490 .

NEHA ENDOWMENT FOUNDATION PLEDGE CARD

1401JEHEND
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The NEHA Endowment Foundation was established to enable NEHA to do more for the en-
vironmental 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 individuals 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 in-

terested in contributing to the Endowment Foundation, please fill out the pledge card or call NEHA 

at 303.756.9090.

Thank you.

SUPPORT
THE NEHA

ENDOWMENT
FOUNDATION

DELEGATE CLUB ($25–$99)

Name in the Journal for one year and 
endowment pin. 

George F. Pinto 
Elgin, IL

HONORARY MEMBERS CLUB  
($100–$499)

Letter from the NEHA president, name in the  
Journal for one year, and endowment pin.

Michele R. DiMaggio 
Martinez, CA

H. Harold Lehman 
Potomac Falls, VA

Bette J. Packer, REHS 
Andover, MN

B. Robert Rothenhoefer, RS, REHS, CP-FS 
Falls Church, VA

21st CENTURY CLUB ($500–$999) 
Name in AEC program book, name submitted  
in drawing for a free one-year NEHA  
membership, name in the Journal for one year,  
and endowment pin.

Scott M. Golden, RS, MSEH 
Grove City, OH

Massachusetts Environmental Health Association 
in Memory of Joseph “Jay” Walsh, Jr. 
Milton, MA

Peter M. Schmitt 
Shakopee, MN

Dr. Bailus Walker, Jr. 
Arlington, VA

SUSTAINING MEMBERS CLUB  
($1,000–$2,499)
Name in AEC program book, name submitted 
in drawing for a free two-year NEHA member- 
ship, name in the Journal for one year, and 
endowment pin.

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

George A. Morris, RS 
Dousman, WI

Welford C. Roberts, PhD, RS, REHS, DAAS 
South Riding, VA

Walter P. Saraniecki, MS, LDN, LEHP,  
REHS/RS 
La Grange, IL

AFFILIATES CLUB  
($2,500–$4,999)

Name in AEC program book, name submitted in 
drawing for a free AEC registration, name in the 
Journal for one year, and endowment pin.

EXECUTIVE CLUB AND ABOVE  
($5,000–$100,000)

Name in AEC program book, special invitation to  
the AEC President’s Reception, name in the Journal 
for one year, and endowment pin.



 January/February 2014 • Journal of Environmental Health 185

 Y O U R  ASSOCIATION Y O U R  ASSOCIATION Y O U R  ASSOCIATION Y O U R  ASSOCIATION

SPECIAL NEHA MEMBERS
Sustaining Members
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.arlingtonva.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 
Departmentt 
www.columbiacountyny.com/depts/health2

Decade Software Company LLC 
Darryl Booth 
www.decadesoftware.com

DEH Child Care 
www.denvergov.org/DEHt

DeltaTrak, Inc. 
Vallierie Cureton 
www.deltatrak.com

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

Digital Health Department, Inc. 
www.dhdinspections.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

Erie County Department of Health 
www.erie.gov/health

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

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 
www.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

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

University of Wisconsin–Oshkosh 
www.uwosh.edu/llce 
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SPECIAL LISTING

National Officers
President—Alicia Enriquez Collins, 
REHS 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  
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  
Bob.Custard@vdh.virginia.gov

Second Vice President—David E. Riggs,  
REHS/RS, MS, 2535 Hickory Ave., Longview,  
WA 98632. Phone: (360) 430-0241 
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 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. 
Phone: (303) 756-9090, ext 301 
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 
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 
roykehs@laramiecounty.com  
Colorado, Montana, Utah, Wyoming, and 
members 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  
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  
sandral@plano.gov  
Arkansas, Kansas, Louisiana, Missouri,  
New Mexico, Oklahoma, and Texas.  
Term expires 2014. 

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

Region 7—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) 413-1137  
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  
jamesmspeckhart@gmail.com 
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 
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,  
Montgomery, AL. 
cindy.goocher@adph.state.al.us

Alaska—Ryan Autenrieth, Bethel, AK. 
ryan_autenrieth@ykhc.org

Arizona—Shikha Gupta, Environmental 
Operations Program Supervisor, Maricopa 
County, Phoenix, AZ. 
sgupta@mail.maricopa.gov

Arkansas—Jeff Jackson, Camden, AR. 
jeff.jackson@arkansas.gov

California—Brenda Faw, Senior REHS, 
California Dept. of Public Health EHS-
Net, Sacramento, CA. 
brenda.faw@cdph.ca.gov

Colorado—Mindi Ramig, Jefferson 
County Public Health, Golden, CO. 
mramig@jeffco.us

Connecticut—Marco Palmeri, RS, 
Chief Sanitarian, Plainville-Southington 
Regional Health District, Plainville, CT. 
health@plainville-ct.gov

Florida—Robert Maglievaz, 
Environmental Specialist III, Florida 
Dept. of Health, DeLand, FL. 
robert_maglievaz@flhealth.gov

Georgia—Kathleen Worthington, 
Compliance Specialist, Georgia Dept.  
of Agriculture–Food Safety Division, 
Claxton, GA. 
kathleen.worthington@agr.georgia.gov

Hawaii—John Nakashima, Sanitarian IV, 
Food Safety Education Program, Hawaii 
Dept. of Health, Hilo, HI. 
john.nakashima@doh.hawaii.gov

Idaho—Jami Delmore, Idaho Southwest 
District Health, Caldwell, ID. 
jami.delmore@phd3.idaho.gov

Illinois—Kimberly Bradley, 
Environmental Health Specialist, East 
Moline, IL. 
kgbradley75@gmail.com

Indiana—Christine Stinson,  
Indianapolis, IN. 
christinedely@hotmail.com

Iowa—Michael Wichman, Associate 
Director, State Hygienic Laboratory,  
The University of Iowa, Coralville, IA. 
michael-wichman@uiowa.edu

Jamaica—Paul Ximines 
paulx2007@yahoo.com

Kansas—Bronson Farmer, RS, HHS, 
Salina-Saline County Health Dept., Salina, KS. 
farmerduo@hotmail.com

Kentucky—Stacy Roof, Kentucky 
Restaurant Association, Louisville, KY. 
stacy@kyra.org

Louisiana—John Koury, MS, COO, 
KourCo Enivironmental Services, Inc., 
Lafayette, LA. 
jkoury@kourco.com

Maryland—James Lewis, Westminster, MD. 
jlewis@mde.state.md.us

Massachusetts—Heidi Porter, Bedford 
Board of Health, Bedford, MA. 
president@maeha.org

Michigan—Chris Klawuhn, RS, Deputy 
Director, Bureau of Environmental 
Health, Ingham County Health Dept., 
Lansing, MI. 
cklawuhn@ingham.org

Minnesota—Kimberley Carlton, Planner 
Principal, Minnesota Dept. of Health,  
St. Paul, MN. 
kim.carlton@state.mn.us 

Mississippi—Queen Swayze, Food 
Program Specialist, Mississippi State  
Dept. of Health, Jackson, MS. 
elizabeth.swayze@msdh.state.ms.us

Missouri—Ericka Murphy, St. Louis 
County Dept. of Health, St. Louis, MO. 
emurphy@stlouisco.com

Montana—Laurel Riek, RS, Program 
Manager, Lewis & Clark City/County 
Health Dept., Helena, MT. 
lriek@lccountymt.gov

National Capitol Area—Shannon 
McKeon, Environmental Health 
Specialist, Fairfax, VA. 
smckeon@ncaeha.com

Nebraska—Kathy King, Environmental 
Health Specialist II, Lincoln-Lancaster 
Health Dept., Lincoln, NE. 
kking@lincoln.ne.gov

Nevada—Tamara Giannini, 
Environmental Health Supervisor, 
Southern Nevada Health District,  
Las Vegas, NV. 
giannini@snhdmail.org

New Jersey—Marconi Gapas, Health 
Officer, Township of Union and Borough 
of Kenilworth Department of Health, 
Union, NJ. 
mgapas@uniontownship.com

New Mexico—Jeff Dickson, 
Environmental Health Officer, Indian 
Health Service, Rio Rancho, NM. 
jeff.dickson@ihs.gov

New York—Contact Region 9 Vice 
President Edward L. Briggs. 
eb.health@ridgefieldct.org

North Carolina—Jesse Dail, 
Environmental Health Specialist,  
Morehead City, NC. 
jessed@carteretcountygov.org

North Dakota—Lisa Otto, First District 
Health Unit, Minot, ND. 
ecotto@nd.gov  

Northern New England Environmental 
Health Association— 
Co-president Brian Lockard, Health 
Officer, Salem Health Dept., Salem, NH. 
blockard@ci.salem.nh.us 
Co-president Thomas Sloan, RS, 
Agricultural Specialist, New Hampshire 
Dept. of Agriculture, Concord, NH. 
tsloan@agr.state.nh.us

Ohio—Joseph Harrod, RS, Columbus 
Public Health, Columbus, OH. 
jaharrod@columbus.gov

Oklahoma—Loree Boyanton, Oklahoma 
Dept. of Environmental Quality,  
Mustang, OK. 
loreeboyanton@yahoo.com

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. Techni-

cal advisors, the executive director, and all past 

presidents of the association are ex-officio council 

members. This list is current as of press time.

Marcy A. Barnett,  
MA, MS, REHS

 Region 2 Vice President

updated from final 12.13; edited 11.24
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Oregon—Delbert Bell, Klamath Falls, OR. 
Dbell541@charter.net

Past Presidents—Mel Knight, REHS, 
Folsom, CA. 
melknight@sbcglobal.net

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

Rhode Island—Dottie LeBeau, CP-FS, 
Food Safety Consultant and Educator, 
Dottie LeBeau Group, Hope, RI. 
deejaylebeau@verizon.net

Saudi Arabia—Zubair M. Azizkhan, 
Environmental Scientist, Saudi Arabian 
Oil Company, Saudi Arabia. 
Zubair.azizkhan@aramco.com.sa

South Carolina—Trey Reed, Regional 
Environmental Health Director, 
South Carolina Dept. of Health and 
Environmental Control, Aiken, SC. 
reedhm@dhec.sc.gov

South Dakota—John Osburn, Pierre, SD. 
john.osburn@state.sd.us

Tennessee—David Garner, Nashville, TN. 
david.garner@tnenvironmentalhealth.org

Texas—Cindy Corley, REHS, CP-FS, 
Environmental Health Manager, City of 
Garland Health Dept., Garland, TX. 
ccorley@garlandtx.gov

Uniformed Services—Joseph Hout, 
Environmental Science Officer, The 
Uniformed Services University of the 
Health Sciences, Bethesda, MD. 
joseph.hout@usuhs.edu 

Utah—Ronald Lund, Salt Lake County 
Health Dept., Murray, UT. 
rlund@slco.org

Virginia—Christopher Gordon, 
Executive Advisor-Public Health, Virginia 
Dept. of Health, Richmond, VA. 
christopher.gordon@vdh.virginia.gov

Washington—Kay Massong, Tenino, WA. 
massonk@co.thurston.wa.us

West Virginia—Elizabeth Green, 
Parkersburg, WV. 
elizabeth.s.green@wv.gov

Wisconsin—Timothy Anderson, Chief, 
Regulatory and Technical Services, Dept. 
of Agriculture, Madison, WI. 
timothy.anderson@wisconsin.gov

Wyoming—Terri Leichtweis, 
Environmental Health Specialist I, 
Cheyenne-Laramie County Health 
Dept., Cheyenne, WY. 
tleichtweis@laramiecounty.com

NEHA Historian
Dick Pantages, NEHA Past President, 
Fremont, CA. 
dickpantages@comcast.net

Technical Advisors
Air Quality—Scott E. Holmes, REHS, 
MS, Environmental Public Health 
Manager, Lincoln-Lancaster County 
Health Dept., Lincoln, NE. 
sholmes@lincoln.ne.gov

Aquatic Venues/Recreational Health—
Tracynda Davis, MPH, Environmental 
Health Consultant, Colorado Springs, CO. 
tracynda@gmail.com

Aquatic Venues/Recreational Health—
Colleen Maitoza, REHS, Supervising 

Environmental Specialist, Environmental 
Management Dept., County of 
Sacramento, Mather, CA. 
maitozac@saccounty.net

Children’s Environmental Health—
M.L. Tanner, HHS, Environmental 
Health Manager III, Bureau of 
Environmental Health Services, Division 
of Food Protection and Rabies Prevention, 
South Carolina Dept. of Health and 
Environmental Control, Columbia, SC. 
tannerml@dhec.sc.gov

Drinking Water/Environmental Water 
Quality—Sharon Smith, RS, West 
Central Region Supervisor, Minnesota 
Dept. of Health, Fergus Falls, MN. 
sharon.l.smith@state.mn.us

Emergency Preparedness and 
Response—Martin A. Kalis, Public 
Health Advisor, CDC/NCEH/DEEHS/
EHSB, Atlanta, GA. 
mkalis@cdc.gov

Emergency Preparedness and 
Response—Vince Radke, MPH, REHS, 
CP-FS, DAAS, Sanitarian, CDC/NCEH/
DEEHS/EHSB, Atlanta, GA. 
vradke@cdc.gov

Emerging Pathogens—Lois Maisel, RN, 
CP-FS, Environmental Health Specialist II, 
Fairfax County Health Dept., Fairfax, VA. 
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. 
welford@erols.com

Food (including Safety and Defense)—
Eric Bradley, MPH, REHS/RS, CP-FS, 
Environmental Health Specialist, Scott 
County Health Dept., Davenport, IA. 
Eric.Bradley@scottcountyiowa.com

Food (including Safety and Defense)—
John A. Marcello, REHS, CP-FS, Pacific 
Regional Food Specialist, FDA, Tempe, AZ. 
john.marcello@fda.hhs.gov

General Environmental Health—Ron 
de Burger, Director, Toronto Public 
Health, Toronto, ON, Canada. 
rdeburg@toronto.ca

General Environmental Health—Eric 
Pessell, REHS, Environmental Health 
Division Director, Kent County Health 
Dept., Grand Rapids, MI. 
eric.pessell@kentcountymi.gov

Global Climate Change and Health—
Steve Konkel, PhD, MCP, AICP, FRIPH, 
Associate Professor, Environmental 
Health Sciences, University of Alaska 
Anchorage, Anchorage, AK. 
steven.konkel@uaa.alaska.edu

Hazardous Materials/Toxic 
Substances—Priscilla Oliver, PhD,  
Life Scientist/Program Manager, U.S. EPA, 
Atlanta, GA. 
POliverMSM@aol.com

Healthy Homes and Healthy 
Communities—Sandra Whitehead, 
MPA, Environmental Public Health 
Planner, Division of Environmental 
Health, Florida Dept. of Health, 

Tallahassee, FL. 
Sandra_Whitehead@doh.state.fl.us

Injury Prevention—CAPT Alan J. 
Dellapenna, Jr., RS, MPH, DAAS, 
Historian, Indian Health Service, 
Rockville, MD. 
alan.dellapenna@gmail.com

Institutions/Schools—TBD

International—Sylvanus Thompson, 
PhD, CPHI(C), Associate Director, 
Toronto Public Health, Toronto,  
ON, Canada. 
sthomps@toronto.ca

Land Use Planning/Design—Felix I. 
Zemel, MCP, MPH, RS, DAAS, Health 
Agent/Administrator, Cohasset Board  
of Health, Cohasset, MA. 
felix.zemel@gmail.com

Legal—Doug Farquhar, JD, Program 
Director, National Conference of State 
Legislatures, Denver, CO. 
doug.farquhar@ncsl.org

Mentorship—Sheila D. Pressley, DrPH, 
REHS/RS, Associate Professor, Eastern 
Kentucky University, Richmond, KY. 
sheila.pressley@eku.edu.

Mentorship—Marie Woodin, REHS, 
Deputy Division Chief, Sacramento 
County Environmental Management 
Dept., Sacramento, CA. 
WoodinM@saccounty.net

Occupational Health/Safety—D. 
Gary Brown, DrPH, CIH, RS, DAAS, 
Professor, Eastern Kentucky University, 
Richmond, KY. 
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. 
tomgonzales@elpasoco.com

Technology (including Computers, 
Software, GIS, and Management 
Applications)—Darryl Booth, MBA, 
President, Decade Software Company, 
Fresno, CA. 
darrylbooth@decadesoftware.com

Vector Control—Zia Siddiqi, PhD, 
BCE, Director of Quality Systems, Orkin, 
Inc., Atlanta, GA. 
zsiddiqi@rollins.com

Wastewater—Craig Gilbertson, RS, 
Environmental Planner, TrackAssist-
Online, Walker, MN. 
cgilbertson@yaharasoftware.com

Workforce Development, Management, 
and Leadership—CAPT Michael 
E. Herring, REHS, MPH, Senior 
Environmental Health Scientist/Training 
and Technical Assistance Team Leader, 
CDC, Atlanta, GA. 
mherring@cdc.gov.

Workforce Development, Management, 
and Leadership—George Nakamura, 
MPA, REHS/RS, DAAS, President/CEO, 
Nakamura Leasing, Sunnyvale, CA. 
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 Operating 
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
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
Erik Kosnar, Learning Content 
Production Assistant, NEHA EZ, ext. 
318, ekosnar@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
Clare Sinacori, Marketing and 
Communications Manager, ext. 319, 
csinacori@neha.org
Christl Tate, Project Coordinator,  
R&D, ext. 305, ctate@neha.org  

To update information, contact Terry Osner at tosner@neha.org.
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Managing Editor’s Desk
continued from page 194

porary issues such as health effects of global 
climate change, sustainability, healthy com-
munities, the built environment, and smart 
growth. And we earned a substantial amount 
of nondues income from the Center, which 
has helped us to keep the financial costs of 
NEHA lower for our members. 

Future Annual Educational 
Conference (AEC) &  
Exhibition Sites
As you know, our upcoming annual confer-
ence will be in Las Vegas next July 7–10. What 
you might not know is that the 2015 AEC will 
be in Orlando at the Marriott Renaissance at 
Sea World. (Also noteworthy is the fact that 
we have sensational room rates at the premier 
hotel properties where we’ll be meeting—The 
Cosmopolitan of Las Vegas at $139 and the 
Marriott in Orlando at $129!)

As I write, we are about to make a final 
decision on the site of our 2016 AEC. It will 
be held either in the general Los Angeles 
area or in San Antonio.

Food Safety and the  
Private Sector
As many NEHA members know, we devote 
a considerable percentage of our work pro-
gram to the topic of food safety—especially 
for the regulatory community of which so 
many NEHA members are a part. Food safety 
spans across all sectors of employment, how-
ever, including of course the private sector.

Realizing that we can do more not only 
to teach the private sector but also to build 
important bridges, relationships, and under-
standings between the private and public 
sectors, NEHA has constructed a series of 
workshops designed especially for private 
sector food safety professionals. We refer 
to this program as I-FIIT-RR (Industry-
Foodborne Illness Investigation Training 
& Recall Response). With Food and Drug 
Administration (FDA) funding support, we 
are sponsoring three of these workshops this 
year. They are all modeled after our very suc-
cessful Epi-Ready program. As a result of 
this specialized training, we anticipate more 
effective community-wide responses to food-
borne illness outbreaks and a lightening of 
the load on environmental health specialists 
and local health departments.

We are also expanding our credential-
ing program to be more relevant to private-
sector food safety professionals, with the 
launch of two new credentials this year 
(2013–14 fiscal year). The new Certified in 
Comprehensive Food Safety (CCFS) cre-
dential incorporates many of the consid-
erations featured in our standard Certified 
Professional-Food Safety (CP-FS) credential 
but adds additional considerations from the 
realm of food manufacturing. Our new food 
safety auditing credential enables us to verify 
important knowledge, skills, and abilities for 
this line of important food safety work. We 
have finished the job task analysis (JTA) and 
exam for the food safety auditor credential, 
which should be launched in spring of 2014.

A Food Safety Education  
Novel Product
From our AEC to our Web site to our Journal 
and on and on, NEHA expends considerable 
effort to develop and deliver education on 
a host of environmental health issues. One 
of our more creative endeavors is currently 
underway. We are working with one of the 
world’s largest publishers, Wiley, to develop 
short and focused videos across a number 
of food safety–related topics such as how to 
wash your hands, how to calibrate a ther-
mometer, etc. Our plan is to rent or make 
these videos available to health departments 
for inspection interventions. We envision 
that environmental health professionals in 
the middle of an inspection would now be 
able to pull these videos up on their iPads 
and then show the appropriate person what 
they need to do or how to do it.

Developments With Our Highly 
Regarded CP-FS Credential
We now have a new and high-quality text-
book available for this credential. In addi-
tion, we are moving to map the CP-FS JTA 
to the FDA’s Voluntary Retail Food Stan-
dards. Assuming that this all works out, 
this will make this credential a much more 
valuable offering.

Healthy Homes Specialist 
(HHS) Credential 
We just completed an update and overhaul 
of this important credential. We’ve now 
gone through an extensive exercise to reex-
amine the base of knowledge, skills, and 

abilities that holders of this credential need 
to have. It is planned in February 2014 to 
refine and update the item bank to test can-
didates for this knowledge.

Registered Environmental 
Health Specialist/Registered 
Sanitarian (REHS/RS) 
Credential
With all the tremendous work going into 
updating NEHA’s CP-FS and HHS creden-
tials, we’ve also focused attention on updat-
ing our premier REHS/RS credential. We 
have completed the JTA and are currently 
working on the item review for the exam. 
The new exam is anticipated to be available 
spring of 2014.

Work With World Bank
Several of our staff have been in conversa-
tion with the World Bank (and more specif-
ically, the World Bank’s Global Food Safety 
Partnership), which has expressed a strong 
interest in some of our training materials 
and instructor-led courses. They see these 
products as having applicability in other 
countries around the world. We are hopeful 
that we can work something out that would 
enable NEHA to expand the reach of some 
of our educational and training material.

Training for Small Water 
System Operators
We have completed our part of a multiparty 
grant submission that would have NEHA play 
a central role in the development of training 
and smartphone apps that will assist small 
water system operators in their job functions.

InFORM Conference
We developed an environmental health edu-
cational track for the 2013 InFORM (Inte-
grated Foodborne Outbreak Response and 
Management) conference that was held on 
November 18–21 in San Antonio. Our par-
ticipation in this conference ensured that 
environmental health education was repre-
sented in conjunction with related education 
for epidemiology and laboratory science.

Integrated Pest Management
We received funding this year from the 
Centers for Disease Control and Preven-
tion to put on three integrated pest man-
agement workshops.
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nfabian@neha.org

Radon Resistant New 
Construction
We have also secured funding from the U.S. 
Environmental Protection Agency to continue 
to offer workshops on radon resistant new con-
struction standards, practices, and concerns.

Epi-Ready Workshops for FDA 
Rapid Response Teams
On yet another successful grant front, we have 
funding to present seven Epi-Ready work-
shops this year to FDA Rapid Response teams.

Sustainability and Climate 
Change
As we work to expand opportunities for 
environmental health professionals in con-
temporary topics such as health effects of 
global climate change, sustainability, healthy 
communities, smart growth, etc., we are look-
ing forward to participating in an upcoming 
conference in Denver (in February) on this 
very topic. Our ultimate goal is to land some 
grant funding that will enable us to establish 
a viable program in this area that will open 
up pathways for environmental health to 
join programs of this nature in communities 
across the nation.

NEHA Foodborne Illness 
Outbreak and Investigation 
Capacity Survey
Two years ago and still very much within the 
postrecession legacy of diffi cult times within 
environmental health programs, the Council 
to Improve Foodborne Outbreak Response 
asked NEHA to design and conduct a study 

concerning the impact of the recession on 
food safety programs. Our study is now 
complete. (Access the report at www.neha.
org/pdf/NEHA_FBIOutbreakCapacityAs-
sessment_ResultsReport.pdf.) Though the 
results weren’t surprising, they were eye 
opening. For example, we learned that 31% 
of local food safety programs reduced their 
staffi ng, some by more than 30% over the 
last year, and 53% of programs have kept 
their salaries the same for two years. 

Staff Changes
We’ve had a number of staffi ng changes 
in the Denver offi ce. Jill Cruickshank was 
promoted to the important chief operating 
offi cer position, which is a fi rst for NEHA. 
This is a brand new position. It allows Jill C., 
our former marketing and communications 
manager, to concentrate on the operations of 
our growing organization to ensure that we 
are functioning effi ciently and successfully. 
We’ve strengthened our credentialing pro-
gram with the hire of Patricia Churpakovich, 
who comes to us from the highly acclaimed 
Web MD program out of New York. Patricia 
is now running our credentialing program.  

We’ve also hired TJay Gerber to assist 
in credentialing. TJay brings exceptional 
customer service skills and management 
experience to his position. We recently 
hired Erik Kosnar to help with our edu-
cation development work and Clare Sina-
cori to replace Jill C. as our marketing and 
communications manager. Clare comes to 
us from the Colorado State Department of 
Wildlife and brings an extensive base of 

marketing experience and talent with her 
to the position. NEHA also brought Matt 
Lieber on full time to assist the marketing 
and communications department.

We’ve also said goodbye to Shelly Walling-
ford, Misty Duran, and Alyssa Crum, who 
worked as part of the credentialing team.

NEHA Budget
Finally, I thought that the membership 
would be interested to know that we just 
adopted a budget for next year of approxi-
mately $6 million, which is actually down 
by about $1 million from last year. This 
decrease primarily refl ects a loss of some of 
our grants and the income we were earning 
from our Center program.

NEHA now employs 32 people together 
with another six people who do contract 
work for us. This is quite a growth from the 
$280,000 budget and staff of four that I saw 
when I fi rst came to NEHA!

In closing, I hope that this report was 
enlightening and informative. We have tre-
mendously talented and industrious staff at 
NEHA who have taken to heart our mission 
statement that involves advancing you—
the environmental health professional—
and the profession itself. I hope this listing 
speaks directly to your hearts and enables 
you to feel good about your NEHA mem-
bership and our dedication to you and our 
wonderful cause. 

The JEH is now electronic and is being delivered to you via e-mail. 

This interactive version of the JEH allows you to 1) engage with the content 

through video; 2) quickly search for information you desire with the use of the 

search feature; 3) highlight passages you want to make a note of; 4) access web 

links and e-mail addresses found in articles, advertising, and listings; and 5) read 

the JEH on any computer or mobile device such as a tablet or mobile phone. 

As a NEHA member, you will receive the 

E-Journal in addition to the hard copy—

absolutely free—for all issues of the JEH from 

November 2013 through September 2014!
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Building a World of Innovative Ideas  
for Environmental Health

Check out this video from  
the 2013 AEC to see why you 
should attend the 2014 AEC!

register
now

 July 7–10, 2014
las vegas,nevada

enhanced feature accessible through the e-journal

for information about the aec,  
visit neha2014aec.org.

Keynote spea
nEHa Is Pleased to 

The National Environmental Health Association is pleased to announce that Mark Keim, MD, Associate 
Director for Science at Centers for Disease Control and Prevention (CDC), will address attendees of the 
78th Annual Educational Conference (AEC) & Exhibition as the keynote speaker. 

With the expanded international audience at this year’s AEC, you’ll want hear Dr. Keim’s perspective on 
emerging and contemporary issues, including the far-reaching health effects of global climate change.

In addition to his current role, Dr. Keim has spent many years working for CDC in many capacities including 
acting associate director in the Office of Terrorism Preparedness and Emergency Response, medical officer 
and team leader at the International Emergency and Refugee Health Branch, and acting associate director 
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When you come to Las Vegas, Nevada, you’ll enjoy access 
to one of the most exciting and entertaining cities in the 
world, so it’s no secret why the city welcomes millions of 
tourists each year. Whether you’re looking for an exciting 
night life, live entertainment, or a place to find some 
peace and quiet, Las Vegas has everything you could  
ever want.

Take a walk down the Vegas Strip and try your luck at one 
of the many casinos that have made the city famous. And 
with hundreds of different restaurants, the city can cater 
to every taste and craving.

Las Vegas also plays host to almost any type of live 
entertainment you can imagine. You can see live comedy, 
stage shows, and concerts, or take in one of the many 

permanent fixtures of the Las Vegas entertainment 
industry like the Blue Man Group, Cirque du Soleil,  
or Penn and Teller.

For people looking to relax and unwind, Las Vegas has  
you covered. Treat yourself to a day at one of the city’s 
many spas and resorts, or get out of the city and spend 
some time on the golf courses.

There’s a reason they call Las Vegas the entertainment 
capital of the world. Whatever your idea of a good time  
is, you’re almost sure to find it in Las Vegas.

For more information, visit neha2014aec.org 
and click the “Destination” tab.

las vegas, nevada 
The Perfect Destination to Mix Business and Pleasure 

neha aec Venue & hotel
The Cosmopolitan of Las Vegas
3708 Las Vegas Boulevard South, Las Vegas,  
NV 89109

Discounted room rates will be available starting  
at $139 USD per night plus taxes and fees.
 

preliminary schedule

Registration
Registration information is available at neha2014aec.org. For personal assistance,  
contact Customer Service toll free at 866.956.2258 (303.756.9090 local), extension 0.

Saturday / July 5 Sunday / July 6 Monday / July 7 Tuesday / July 8 Wednesday / July 9

EHAC Meeting EHAC Meeting
Pre-Conference 
Workshops

Educational Sessions Exhibition Open

IFEH Council Meeting
IFEH Faculty Forum 
Business Meeting

    

“Thank You Luncheon” 
for guests staying at 
the AEC designated 
hotel for two or more 
nights

Poster Session

IFEH Faculty Forum & 
EHAC Joint Meeting

IFEH Regional 
Meetings

Awards Ceremony & 
Keynote Address

Silent Auction

IFEH AGM Meeting
Community Event Exhibition Grand 

Opening & Party
Student Research 
Presentations

1st Time Attendee 
Workshop

Networking Luncheon

Annual UL Event Educational Sessions

Thursday / July 10 Friday / July 11 Saturday / July 12 Sunday / July 13

Town Hall Assembly
Credential Review & 
Certification Courses

Credential Review & 
Certification Courses

Credential Exams

Educational Sessions      

Lunch On Your Own

President’s Banquet

Member Non-Member
Full Conference Registration $575 $735 

One Day Registration $310 $365 

Student/Retired Registration $155 $230 

Stay at the designated aEC hotel—The Cosmopolitan of las Vegas— 
for two or more nights and attend a free “Thank You luncheon” on 
Tuesday, july 8.

Certain terms and conditions apply. 

Schedule is subject to change.

IFEH = International 
Federation of 
Environmental Health 

EHAC = National 
Environmental Health 
Science & Protection 
Accreditation Council

neha2014aec.org
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Through the opportunity of this col-
umn, I’ve long enjoyed the chance 
to do two things. I’ve explored ideas 

that pertain to environmental health. I’ve 
also speculated on the meaning of  all the lit-
tle stories, added up, within our profession.

On occasion, as with this column, I 
report to the membership on some of the 
developments taking place within NEHA. 
As the person responsible for the overall 
operation of NEHA, I appreciate the impor-
tance of periodically reporting to the mem-
bership about what is going on within your 
association. So here goes!

The Journal of 
Environmental Health
The big new news with this program is, of 
course, that we’re now providing every mem-
ber with a free subscription to our E-Journal
(in addition to the print Journal) from Novem-
ber 2013 to September 2014 while your mem-
bership is active. We hope you are enjoying it 
and especially the new capabilities you now 
have with the material we publish in it. 

I also want to share with you some inter-
esting factors that are now weighing on 
this special program of ours and gaining 
our attention.

Though the Journal is not a consumer 
publication, it is a “magazine” of sorts. As 
such, it too has been touched by the digital 
insurgency and the impact that this revolu-
tion has had on the world of publishing … 
and the way we learn. As publishing compa-
nies continue to come to terms with what the 
migration to digital means, several trends are 
now becoming apparent. One major trend in 
particular has caught my eye.

“News” is more and more being reported 
on Web sites (to ensure currency) while 
“ideas” (and their exploration) are increas-
ingly becoming the feature of print. How 
do our Journal and our other information 
delivery channels fi t into this trend?

Another trend that is more specifi c to 
peer-reviewed professional journals (such 
as ours) is the trend toward “open access.” 
Much has been written about how people in 
general believe that anything that is digital 
should be free. What does this mean for our 
Journal (and even the value proposition of 
NEHA membership) in the future?

And fi nally, social media has clearly 
become a primary source for both informa-
tion and knowledge. As such, content pro-
ducers like associations are looking for bet-
ter ways to integrate user-generated content 

with more traditionally generated content. 
How should that play out in NEHA?

It’s a fascinating world out there! Our 
professional staff is thinking through how 
best NEHA should respond to these trends. 
As we continue the NEHA journey and seek 
to remain a valuable, reliable, and relevant 
source of information and knowledge for 
you, however, we welcome, and in fact, 
urge you to join this journey with us. On all 
these fronts—and on any other you care to 
express an opinion on—please let us know 
what you think. We are posting this column 
and all responses to it on our blog at http://
neha-org.blogspot.com. 

On an entirely different front and on a 
topic that seldom gets discussed, I thought 
the membership would appreciate knowing 
that the Journal program currently oper-
ates with some 140 peer reviewers (from 14 
countries) and seven technical editors who 
oversee the entire peer-review process for 
the manuscripts we publish.

The Center for Priority 
Based Budgeting
By action of our board, we have now 
decoupled the Center program from NEHA. 
NEHA successfully incubated this project 
and the Center has now launched as its own 
self-standing and independent entity.

Thanks to the Center program, we’ve 
learned a lot about how communities do 
their budgeting and how we can accentuate 
the importance of environmental health to 
policy makers. We also learned a lot about 
how we can work to open up new job oppor-
tunities for environmental health in contem-

A Sampling of NEHA 
Activities and Developments 

Nelson Fabian, MS

 MANAGING EDITOR’S DESK

I hope this listing 
speaks directly to 
your hearts and 

enables you to feel 
good about your 

NEHA membership 
and our dedication 

to you and our 
wonderful cause. 
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questions?

who can i contact 

for online 

food 
safety courses?

what 
is the process  
for field evaluation 

of equipment?

how can i tell if a 
product has been

evaluated for 
sanitation?

where can i
find information about 
environmental-related

claims?

why do water  

samples  
have such a  
short shipping

window? 

claims?

connect with the experts.
No matter the question, trust UL to help you find the right answer.  
Our experienced team is dedicated to providing the technical support  
you need to ensure safe, code-compliant installations.    

UL and the UL logo are trademarks of UL LLC © 2013    BDi 21112 NEAH 11-13

ul.com/coderesource or call 800.595.9844

when do 
the new federal lead  
law requirements take 

effect?

 

Decade provides solutions that empower organizations just like yours.

Building Capacity is a partnership designed to help 
professionals confront the changing demands of 
environmental health across the nation.

To learn how NEHA and Decade are working together 
to increase the sophistication of the environmental 
workforce visit us online or call 800.233.9847.

www.decadesoftware.com

It’s 
about 
time.®

Build Capacity.
Elevate Performance.
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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:

Your public wants to engage and seek information. They use  
search engines and social media to get to places that interest them. 
Accessibility and content provides the incentive to go back again and again.  
Every time they reach you, they “touch” your organization.

Health Departments across North America use HealthSpace to collect data, manage the inspection and 

regulatory process and report information.

A key role is also to inform the public

HEALTHSPACE maintains public access web sites on behalf of Health Departments  

so that restaurant inspections can be viewed by the public in addition to other  

facilities the Department deems to be in the public interest.

The public can access this information through a  

web browser, tablet or smart phone on HEALTHSPACE’S  
advanced network system.

QR codes can even be posted where the last inspection  

report can be retrieved on a smart phone by simply  

scanning the QR code.

Fully secure and accessible 24/7

Public safety is your primary concern.  
The general public wants to know.

Public access to information gives your organization relevance  

and visibility in the eyes of the taxpayer.

www.healthspace.com

HEALTHSPACE helps your Department to

 to go back again and again. 

 Department to
Call today at 

1.866.860.4224
for a demo

put “the Public” back into Public Health
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