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Editor’s Note: This special issue features Journal
articles that were prepublished online in 2015
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ABOUT THE COVER

In this month’s
cover feature,
“Safety Evaluation
of Metal Exposure
From Commonly
Used Hair Dyes
and Tattoo Inks
in Nigeria,” the
authors found
that tattoo ink
samples contained
allergenic metals such as nickel, chromium,
and cobalt at concentrations above the sug-
gested limit of 1 pg/g, while metals in the hair
dyes were below their respective specified
limits in the majority of the samples. To guard
against health hazards as a result of exposure
to tattoo inks and hair dyes, the authors
recommend the establishment of regulatory
guidelines for metals in cosmetic products.

See page 26.
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New feature to the Journal—the
E-Journal Bonus Article! You will find
in this issue the first E-Journal bonus article.
This article will only be found in the E-Jour-
nal and replaces the online prepublished
article that NEHA used to publish with every
issue. These online prepublished articles
were made available to NEHA members via
the Bookstore and My NEHA and were sub-
sequently published in the January/February
issue. Now members can access these articles
through their E-Journal issues and NEHA
will no longer publish the large compendium
issue. The E-Journal gives NEHA the ability to
provide you with another peer-reviewed arti-
cle in a timely and convenient manner while
eliminating the costs related to publishing the
large compendium issue. It is our hope that
authors and readers alike will see the benefits
of the E-Journal bonus article.
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YOUR ASSOCIATION

» PRESIDENT’S MESSAGE

Bob Custard,
REHS, CP-FS

he baby boomers (those born between
T 1946 and 1964) are retiring. This is

the generation that in 1970 sponsored
the first Earth Day and gave birth to the envi-
ronmental movement. This is the generation
that initially populated the U.S. Environmen-
tal Protection Agency’s workforce and similar
state-level agencies across the country with
responsibility for air quality, water quality,
solid waste, and hazardous materials.

Over the next 20 years the retiring baby
boom generation will take many years of envi-
ronmental health experience and a lot of hard-
won wisdom out of public health agencies,
environmental protection agencies, and pri-
vate companies. As this generational change
occurs, there will be numerous environmental
health positions left vacant by retirement that
will need to be filled. Educating and train-
ing new environmental health professionals
should be a national public health goal.

What Is NEHA Doing?
NEHA is committed to helping develop the
environmental health workforce of the future.
To learn how to better serve students, NEHA
surveyed the Association of Environmental
Health Academic Programs (AEHAP) and the
National Environmental Health Science and
Protection Accreditation Council (EHAC)
members in attendance at the NEHA Annual
Educational Conference (AEC) & Exhibition
last July. As a result of the input gained from
those surveys, NEHA is taking the following
steps to help students jump start their envi-
ronmental health careers:
* NEHA officers and regional vice presidents
are being encouraged to visit the EHAC-

6 Volume 78 o Number 6

Building the Future
Environmental Health

Workforce

The professional
legacy each of us
leaves will not be in the
programs we created
or the awards we were
honored with, but in
the young professionals
we trained, mentored,
encouraged, and
inspired.

accredited environmental health academic
programs around the country and speak
to students about environmental health
career paths. For example, I will be speak-
ing to the students at Eastern Kentucky
University in mid-February.

* The NEHA board of directors has asked its
membership committee to help interested
parties form a new Student National Envi-
ronmental Health Association (SNEHA).

* NEHA will more actively encourage employ-
ers to advertise environmental health jobs
through the NEHA Web site.

* NEHA will encourage more educational
institutions, in particular those institutions
that offer an environmental health program,
to join NEHA as educational institution
members.

* At future AECs, a student registration will
now include tickets for all the food func-

tions that are included in a regular confer-
ence registration such as the Exhibition
Grand Opening & Party.

* The student AEC registration fee for 2016
will be only $180 (a 69% savings off the
cost of regular member registration).

* Student AEC registration will now include
a one-year, E-Journal-only NEHA student
membership.

* To make NEHAs AEC more relevant to the
millennial generation (those born between
1982 and 2004), the 2016 AEC will include
a conference session that will be designed,
arranged, and managed by recent college
graduates. AEHAP will oversee develop-
ment of this conference track.

* The deadline for students to submit to pres-
ent at the AEC Student Poster Session will
be extended until later in the year so that
more students can present their research.

* NEHA participated in the American Public
Health Association’s 2015 Annual Confer-
ence panel session to shine a light on the
emerging environmental health workforce,
its needs, and opportunities for the future.

* NEHA has secured initial funding to con-
duct a national needs assessment of the
existing environmental public health work-
force. This assessment will provide greater
insight into the needs and opportunities of
the incoming workforce.

NEHA will also continue to assist students
as follows:

* Providing deeply discounted memberships
to students. The $15 student membership
dues is an 84% savings compared to the
cost of regular membership.



* Sponsoring a special session for student
research presentations at the AEC.

* Recognizing outstanding student research
through awards at the AEC.

* Together with the American Academy of
Sanitarians, sponsoring academic scholar-
ships for environmental health students.

e Working with the Centers for Disease
Control and Prevention’s National Center
for Environmental Health to award sum-
mer internship opportunities to deserving
environmental health students.

What Can NEHA’s Affiliates Do?
Many NEHA affiliates are actively engaged in
helping students through their scholarship
programs. For example, the Michigan Environ-
mental Health Association (MEHA) has grown
its endowment fund to more than $100,000 by
earmarking a small portion of each member’s
dues for the endowment fund and by hosting
fundraising events such as clay shoots, raffles,
and golf outings. The earnings from the MEHA
endowment fund are used to fund scholarships
and special projects each year.

Most NEHA affiliates offer students highly
discounted memberships. For example, stu-
dent membership in the National Capitol
Area Environmental Health Association is
just $5.00.

Similarly, many affiliates offer students
greatly reduced prices on registrations for their
annual educational conference. The Texas
Environmental Health Association, for exam-
ple, charges students just $25.00 to attend their
three-day AEC. (Regular members pay $300.)

Some affiliates partner with the environ-
mental health programs at universities in
their state by locating their conferences on
or near campus so that it is easy for students
to attend. Several years ago, for example, the
Virginia Environmental Health Association
held their Spring Educational Conference at
Old Dominion University. Several professors
were invited as speakers.

Going forward, we would like to encour-
age our affiliates to help develop the future
environmental health workforce in the fol-
lowing ways:

* Reaching out to environmental health stu-
dents to get them involved in meaningful
ways in their NEHA affiliate;

* Expanding their student scholarship
programs;

* Creating educational conferences that are
conveniently located and affordable for
students;

* Sending outstanding environmental health
professionals to universities to speak about
career opportunities in environmental
health; and

* Sponsoring SNEHA affiliates at the univer-
sities in their state that have environmental
health academic programs.

What Can Employers Do?
Employers in both government and private
industry can also play an important role in
helping develop the future environmental
health workforce. Specifically they can do the
following:

* Provide internship and volunteer opportu-
nities for students to gain hands-on experi-
ence applying their environmental health
knowledge;

* Encourage their outstanding staff members
to mentor young environmental health
professionals; and

* Advertise their job openings on NEHAs
Web site and in publications like the JEH
so that more graduating students become
aware of the opportunities open to them.

What Can Universities Do?

The de Beaumont Foundation recently pub-
lished researched suggesting that the ninth
most popular undergraduate degree in the
U.S. is public health. Universities with strong
environmental health programs are one of
the prime sources of qualified candidates for
the future environmental health workforce.
Many of today’s environmental health leaders
came from these programs.

Most of these universities have strong
practicum or internship programs. For exam-
ple, Western Carolina University has an out-
standing program for placing their students
in North Carolina state and local environ-
mental health, emergency preparedness, and
industrial hygiene agencies. They also col-
laborate with the U.S. Public Health Service
internship program.

Some environmental health academic pro-
grams like Eastern Kentucky University pay
for each of their students to take the Regis-
tered Environmental Health Specialist/Reg-
istered Sanitarian (REHS/RS) exam imme-
diately after graduation. This credentialing
provides a significant advantage to these

students as they look for their first full-time

environmental health job.

Going forward, we would like to encour-
age environmental health academic programs
as follows:

* Continue expanding their internship and
practicum programs. A job applicant’s
practical experience is a significant factor
in the hiring decisions of environmental
health managers.

* Ensure that each of their students has the
opportunity to take the REHS/RS exam
immediately after graduation.

* Create a SNEHA affiliate chapter on their
campus that will enrich the professional
experience of their students.

* Synergistically collaborate with their state
or regional NEHA affiliate to create events
or educational conferences that benefit
both students and environmental health
professionals in the field.

What Can You Do?
Successful environmental health practice is
as much about the values we bring to the
job as it is about the scientific knowledge we
apply. It has often been said that “values are
caught, not taught.” What values are our col-
leagues “catching” from us? Are our actions
teaching integrity, patience, persistence, and
dependability? Are we relentless learners that
strive for professional excellence?

The professional legacy each of us leaves
will not be in the programs we created or
the awards we were honored with, but in the
young professionals we trained, mentored,
encouraged, and inspired. I encourage you to
do three things:

* Bring your best to work each day and
model the values for which you wish to be
remembered. Help your colleagues “catch”
your positive attitudes and passion for
environmental health.

* Be a mentor to your younger colleagues.
Leave a legacy of excellence and kindness
by teaching those who follow you the skills
of our profession.

* Invest in a student with a generous dona-
tion to the NEHA Scholarship Fund. To
donate to NEHAs Scholarship Fund go to
www.neha.org/donate. &%

Bob Custard
NEHA.Prez@comcast.net
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Gender Differences in Respiratory
Health of School Children
Exposed to Rail Yard-Generated
Air Pollution: The ENRRICH Study

A b St Fa Ct Studies about environmental burdens often explore
overall community risk. Increasing evidence suggests, however, differential
burdens by gender and age. The purpose of the authors’ research was to
determine if gender-related difference exists among children in a region
plagued with poor air quality and if increased exposure to pollutants from a
major goods movement rail yard influences the relationship. Using a cross-
sectional study design, the authors provided respiratory screening for children
at two elementary schools. Compared to females, males were at significantly
greater odds of exhibiting elevated fractional exhaled nitric oxide (FeNO) but
less likely to exhibit reduced lung volume. Even in an area of overall poor air
quality, the authors found that male children were a vulnerable subpopulation
for greater elevated FeNO, while females were at increased risk for reduced lung
capacity. Understanding differential burdens in vulnerable subpopulations is
critical to providing timely and responsive strategies targeted towards health-

based prevention and intervention activities.

Introduction sions from major transportation goods move-

Interest is increasing in studying gender-
related differences associated with air pollu-
tion studies (Hwang, Chen, Lin, Wu, & Leo
Lee, 2015). While it is well established that
younger age is a risk factor for poorer respi-
ratory health (Pope, 2000; Schwartz, 2004),
recent epidemiological evidence suggests dif-
fering effects by gender; however, the results
are far from consistent (Clougherty, 2010).
Also, most studies have focused on the effects
of traffic-related air pollution exposure, but
limited consideration has been given to emis-

8 Volume 78 o Number 6

ment facilities, such as rail yards (Castaneda
et al., 2008; Gehring et al., 2002; Spencer-
Hwang et al., 2014).

Risk may stem both from pollutants emit-
ted as well as the characteristics of the indi-
vidual pollutants and ultimately result in dif-
ferent adverse health impacts depending on
the gender of the exposed. Since some loca-
tions are burdened by several sources of pol-
lution, research is also needed to assess the
cumulative health impact on residents liv-
ing in close proximity to these local sources

Rhonda Spencer-Hwang, DrPH
Sam Soret, PhD

Mark Ghamsary, PhD

Nico Rizzo, PhD

School of Public Health

Loma Linda University

Marti Baum, MD
Department of Pediatrics
Loma Linda University Medical Center

David Juma, MPH
School of Public Health
Loma Linda University

Susanne Montgomery, PhD
School of Behavioral Health
Loma Linda University

(Fox, 2002). Indeed, no research exists on
the potential adverse health impacts on chil-
dren living in close proximity to a major rail
yard located in an already polluted area and
if effects differ by gender.

Gender-related air pollution studies have
reported mixed findings (Clougherty, 2010).
Many studies have linked chronic exposure
to air pollution with a wide range of respi-
ratory health outcomes, including retarded
lung function and growth, asthma onset and
exacerbation, wheezing, respiratory infec-
tions, cough, and other related symptoms
among children aged 0-18 years of age. In
a study conducted by Peters and co-authors
(1999), researchers identified gender-influ-
enced differences among children in grades
4,7, and 10 across 12 communities in South-
ern California and found stronger relation-
ships between ambient air pollutants (nitro-
gen dioxide, ozone, and particulate matter
2.5 pm in diameter or less) and reduced lung
volume among girls. In that study, an associa-
tion was identified for boys, but not as strong
as the association found for girls. In a Cana-
dian study of children aged 0-14 years of age,
girls were more likely to be hospitalized with
a respiratory ailment with increased expo-
sure to ambient air pollutants such as carbon
monoxide and nitrogen dioxide (Luginaah,
Fung, Gorey, Webster, & Wills, 2005).

In contrast to these findings indicating
an increased risk for females, a number of
researchers have found stronger and signifi-
cant adverse respiratory health outcomes
for males (Delfino et al., 2004; Gehring et
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FIGURE 1
Map of the Study Area

{ Tt i
v i
\\ //
N ”’
0 05 1 2 3

school reside.

This map illustrates the location of the exposure elementary school (EES) and the control elementary school (CES),
relative to the San Bernardino Railyard and in relation to the transportation infrastructure (railroads and roadways).
The dashed circles identify the areas where two-thirds (approximately 67%) of the participating students at each

al., 2002), while researchers in a study con-
ducted in Mexico City found no clear gender
differences (Rojas-Martinez et al., 2007).
The inland region of Southern California
may provide a unique opportunity for health
research examining this issue, given the
perennially poor air quality experienced by
San Bernardino County’ residents, combined
with the existence of several local major
freight rail yards. The air quality problem is
exacerbated in the inland community of San
Bernardino as the prevailing winds transport
air pollutants eastward from Los Angeles. Air
pollution becomes trapped by the mountains
surrounding the inland region, which leads
to high concentrations of pollutants when
coupled with the routinely stagnant air flow
and temperature inversions. Thus San Ber-
nardino is regularly at or near the bottom of
U.S. air quality rankings for ozone and fine
particulate air pollution in the U.S. according
to the U.S. Environmental Protection Agency
and the American Lung Association (ALA).
In this article, we utilize data collected as
part of the Environmental Railyard Research
Impacting Community Health (ENRRICH)
Project, a community health outcomes study
designed to better understand the health risks
among local residents living in close proxim-

ity to the San Bernardino Railyard (SBR). A
series of health risk assessments conducted
by the California Air Resource Board (CARB)
across the 18 major rail yards indicates that
SBR may pose the greatest health risk to its
surrounding communities as it is the largest
source of air pollution immediately adjacent
to densely populated areas (Castaneda et al.,
2008). The purpose of this investigation was
to determine if a gender-related difference
exists for adverse respiratory health out-
comes among children living and attending
school in close proximity to SBR compared
with children living in the same region but
farther away from the rail yard.

Materials and Methods

Study Location
SBR is located in a densely populated area in
inland Southern California, characterized by
poor air quality for ozone and fine particulate
matter air pollution. This region has experi-
enced an increase in population growth while
facing severe social challenges and a weak-
ened economy. It is home to predominantly
young, low-income, Hispanic populations.
Air pollution emission sources at this 24/7
rail yard facility include diesel locomotives,

on-road and off-road loading equipment and
associated machinery, and typical roadway
vehicles. Diesel particulate matter (DPM) is
the dominant air pollutant, although air tox-
ics (e.g., benzene and 1,3-butadiene) are also
emitted in small amounts (Castaneda et al.,
2008). CARB has estimated the SBR’s com-
bined DPM emissions and other significant
non-rail-yard (mobile and stationary) sources
within a one-mile radius of the facility at 33
tons per year (Castaneda et al., 2008).

Study Design

We used a cross-sectional design to compare
two sociodemographically similar schools
(Figure 1) matched by a GIS-derived sociode-
mographic profile: one located 500 m down-
wind from SBR, the exposure elementary
school (EES); and the second, the control
elementary school (CES), located seven miles
west of SBR.

After obtaining Loma Linda University
institutional review board and school dis-
trict approval, an explanatory letter, consent
form, and a short questionnaire were sent to
the parents of the children. An assembly in
the form of a theatrical play with an air qual-
ity theme was conducted to encourage stu-
dents to tell their parents/guardians about the
study and return active parental permission
slips and a parent-completed child health
questionnaire, resulting in 74% of children
screened. School-based respiratory health
screenings were conducted during late Feb-
ruary 2012, with students from grades K-5
screened throughout the school day.

Screening Clinics

Trained technicians using standardized meth-
ods collected peak expiratory flow (PEF) and
fractional exhaled nitric oxide (FeNO), along
with height and weight to determine each
child’s body mass index (BMI) (CDC, 2011).
Screenings were conducted in partnership
with the San Bernardino County Breathmobile
Program (SCBP), a no-cost mobile pediatric
asthma disease management program staffed
by a physician, a licensed vocational nurse,
a clinic assistant, and a respiratory therapist
specially trained in asthma case management.
Children who exhibited respiratory values
outside normal PEF range, or per the paren-
tal survey had asthma, received additional
spirometry testing by the SCBP staff and were
offered free follow-up medical care.

January/February 2016 ¢ Journal of Environmental Health 9
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PEF

PEF was assessed using a peak flow meter.
The highest of three readings was used in
analyses after having been transformed into
the percentage of the predicted PEF accord-
ing to the child’s height based on manufac-
turer’s guidelines.

FeNO Determination

Nitric oxide in exhaled breath reflects the
redox state of the airway and has been pro-
posed as a biomarker of lung tissue injury
and inflammation (Dweik et al., 2010). FeNO
was measured once with the child in a sitting
position using a NIOX MINO instrument.

Potential Confounders

Potential confounders included the following

variables:

1) From the parental questionnaire. Sociode-
mographic, residential, and health his-
tory information was collected including
gender (male/female), age (years), grade
(kindergarten, 1st, 2nd, 3rd, 4th, 5th),
race (non-Hispanic white, non-Hispanic
black, Hispanic, other), furry pets in the
home (yes/no), time spent outdoors (<12
hrs. per week, 12-24 hrs. per week, >24
hrs. per week), exposure to environmen-
tal tobacco smoke (ETS) (yes/no), type of
home heating system (gas, wood burning
stove/fireplace, coal/oil, other), length of
time at current address (months), physi-
cian diagnosis of asthma for their child
(yes/mo), use of asthma inhaler medication
(yes/mo), and lack of access to medical care
(yes/no).

2)Census-derived neighborhood characteris-
tics. Using GIS, we created several vari-
ables to characterize population density,
housing indicators, and median household
income at the census block group (BG)
level using 2010 census figures and defini-
tions. These neighborhood-level indicators
were assigned to study subjects from both
schools according to their residential BG.

3) Traffic-related air pollution exposures. We
modeled proximity to major roadways as a
proxy for residential exposure and school
exposure to traffic emissions. Distance
from the subjects’ residence to nearest
major roads (freeway, highway, and arteri-
als) was estimated through GIS mapping
methods described previously (McConnell
et al., 2006; Newcomb & Li, 2008; Rioux,
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Gute, Brugge, Peterson, & Parmenter,
2010; Wilhelm et al., 2008).

4)DPM exposure variables. To account for
exposures to DPM emissions from local
sources, we used data from the Multiple
Air Toxics Exposure Study III (MATES-
111), a regional emissions gridded inventory
of air toxics emissions developed by the
South Coast Air Quality Management Dis-
trict (Ospital, Cassmassi, & Chico, 2008).
A GIS raster data set replicated the spatial
coverage and resolution of the MATES-III
inventory and the combined DPM (kg/day)
air emissions from local stationary, on-road,
and off-road sources were computed for
each 2-km x 2-km grid cell and linked to
participant geocoded residential addresses
to assign total DPM emission. Background,
non-rail-yard-related DPM emissions (both
stationary and mobile sources) were found
to be similar for EES and CES sites.

Statistical Analysis

Descriptive and summary estimates (i.e.,
percentages, means, medians, and standard
deviations/variances) were assessed with Chi-
square tests and t-tests. The association of
gender with respiratory health measures, PEF
and FeNO, was assessed using logistic regres-
sion models that facilitated the calculation
of the odds ratios (OR) and 95% confidence
intervals (95% CI). FeNO values were dichoto-
mized into elevated inflammation (=20 parts
per billion) versus normal, based on cutpoints
previously identified (Dweik et al., 2011).
PEF values were dichotomized into decreased
lung function (<80% of predicted value) ver-
sus normal, based on cutpoints previously
described by ALA. The dichotomized respi-
ratory health endpoints (PEF and FeNO)
were assessed individually as outcomes of
interest within the logistic regression mod-
els. The final model for independent variables
included gender, school, age, race, expo-
sure to ETS, time spent outdoors, median
household income, total diesel pollution,
and proximity to nearest major road. Health
endpoints were the dependent variables. For
the intraschool comparison, males were com-
pared with females within school. For the
interschool comparison, males were com-
pared with males and females with females
between the two schools. An additional sen-
sitivity analysis was conducted to exclude the
students from the model who had not lived at

their current address for at least six months.
All statistical analyses were conducted using
SAS version 9.4.

Results

General Characteristics and
Distribution of Respiratory Outcomes
of Participants

A total of 1,066 children (561 females and 505
males) participated in our study. The majority
of the children screened were Hispanic (81%)
(Table 1), and most lived fewer than two miles
from their school (Figure 1). No significant
differences were identified between males and
females for most of the potential confounding
factors including age, race, BMI, time spent out-
doors, exposure to ETS, neighborhood median
household income, and background (non-rail-
yard-related) diesel exposure. Significant differ-
ences were identified for parent-reported doctor
asthma diagnosis, use of asthma inhaler medi-
cations, and PEF and FeNO breath test results.
Approximately 42% (n = 452, 43% males and
42% females) of the children screened were
identified as having respiratory health issues.
Children were identified with a respiratory
health issue based on prior asthma diagnosis,
use of asthma inhaler medication, or poor PEF
or FeNO results. The proportion of children
identified as having a respiratory health issue
did not significantly differ by gender for all
schools combined. When both schools were
compared, however, 48% of the EES females
compared to 35% of CES females (Chi-square
p-value < .01) were identified as having respira-
tory challenges while no significant difference
was found for males (EES = 47% and CES =
40%, Chi-square p-value > .10).

Associations Between Rail-Yard-Related
Exposures and Respiratory Outcomes

Logistic regression results (Tables 2-4) for
both schools combined showed that males
had significantly greater odds (OR: 1.74, 95%
CIL: 1.20-2.54) of exhibiting elevated FeNO
values than females. Males had significantly
lower odds (OR: 0.69, 95% CI: 0.49-0.96),
however, for exhibiting low PEF values
(Table 2). In comparing the respiratory out-
comes among the male students by school,
students at the EES were at greater odds of
elevated FeNO values and low PEF compared
to the males at the CES; however, the results
were not statistically significant (Table 3).



KBI_E 1
Demographics and Baseline Characteristics of Children Participating in the Environmental Railyard
Research Impacting Community Health Study
Demographic All Subjects Control Elementary School Exposure Elementary School
(N = 1,066) # (%) (n=531) (n =535)
Males Females Males Females
(n = 249) # (%) (n=282) # (%) (n = 256) # (%) (n=279) # (%)

Age, years (mean + SD) \ 8.00+1.8 8.03+1.8 7.99+1.8 7.99+1.8 7.98+1.8
Race/ethnicity

White 50 (4.7) 13(5.2) 13 (4.6) 12 (4.7) 12 (4.3)

Hispanic 865 (81.1) 199 (79.9) 224 (79.4) 211 (82.4) 231(82.8)

African-American 54 (5.1) 13(5.2) 24 (8.5) 10 (3.9) 7(2.5)

Other 95 (9.0) 23(9.2) 20 (7.1) 23(9.0) 29 (10.4)
Grade

Kindergarten 146 (13.7) 41 (16.5) 43 (15.2) 27 (10.5) 35(12.5)

1st 175 (16.4) 28 (11.2) 37 (13.1) 59 (23.0) 51(18.3)

2nd 196 (18.4) 40 (16.1) 54 (19.1) 49 (19.1) 53 (19.0)

3rd 175 (16.4) 46 (18.5) 49 (17.4) 35(13.7) 45 (16.1)

4th 193 (18.1) 58 (23.3) 46 (16.3) 44 (17.2) 45 (16.1)

5th 181 (17.0) 36 (14.5) 53 (18.8) 42 (16.4) 50 (17.9)
Body mass index (kg/m?)

Underweight (<18.5 kg/m?) 43 (4.0) 18(7.2) 12 (4.3) 2(0.8) 11(3.9)

Normal (18.5-24.9 kg/m?) 590 (55.4) 132 (53.0) 155 (55.0) 139 (54.3) 164 (58.8)

Overweight (25.0-29.9 kg/m?) 174 (16.3) 35(14.1) 52 (18.4) 41 (16.0) 46 (16.5)

Obese (>30 kg/m?) 259 (24.3) 64 (25.7) 63 (22.3) 74 (28.9) 58 (20.8)
Time spent outdoors

<12 hours per week 399 (37.4) 85 (34.1) 113 (40.1) 88 (34.4) 113 (40.5)

12-24 hours per week 399 (37.4) 100 (40.2) 108 (38.3) 105 (41.0) 86 (30.8)

>24 hours per week 172 (16.1) 33(13.3) 41 (14.5) 45 (17.6) 53 (19.0)
Lived with smoker

Yes 209 (19.6) 60 (24.1) 54 (19.1) 45 (17.6) 50 (17.9)
Medical services needed but couldn’t access

Yes \ 12(1.2) \ 3(1.2) \ 4(1.4) \ 2(0.8) \ 3(1.1)
Parent-reported doctor-diagnosed asthma

Yes \ 136 (12.8) \ 34(13.7) \ 43 (15.2) \ 38(14.8) \ 21(7.5)
Use of asthma inhaler

Yes \ 130 (13.5) \ 36 (14.5) \ 37 (13.9)* \ 40 (15.6) \ 17 (6.1)
PEF?

<80% of predicted mean + SD 225 (21.1) 48 (19.3) 88 (31.2) 40 (15.6) 49 (17.6)*

(L/min) 208+61.1 211+59.8 192+57.7** 226+66.4 204+56.1**
NIOX (FeNO?)

FeNO >20 parts per billion (ppb) 174 (16.3) 57 (22.9) 32 (11.3) 48 (18.8) 37 (13.3)*

Mean = SD (ppb) 13.3£14.9 14.7+15.6 11.9+14.7 14.2+16.1 12.5+13.2
Median household income

Mean = SD | 43779+13620 | 38415+12,448 | 39,030+12,675 | 48821+12910 |  48,856+12,628
Non-rail-yard-related diesel exposure (mobile and stationary sources)

Mean + SD (kg/day) \ 6.51+1.33 \ 6.11:1.34 \ 6.23+1.91 \ 6.85:0.81 \ 6.83+0.68
Note. Some columns do not add to 100% because of missing data. For continuous outcomes, comparison by Student’s t-test. For categorical outcomes, comparison by Chi-square test.
PEF = peak expiratory flow; FeNO = fractional exhaled nitric oxide.

*n<.01.
**p < .001.

January/February 2016 ¢ Journal of Environmental Health 11



ADVANCEMENT OF THE SCIENCE

| TABLE 2

Logistic Regression Modeling Results of Children Experiencing Adverse Respiratory Related Health
Outcomes: Overall Males Compared to Females

_ All Subjects Sensitivity Analysis®

Crude Adjusted Adjusted
Health outcomes n Events OR" (95% CI°) OR (95% CI) n Events OR (95% CI)
PEF? <80% 1,065 225 0.65 (0.48-0.88) 0.69 (0.49-0.96) 853 164 0.76 (0.53-1.08)
FeN0? >20 parts per billion 1,052 174 1.87 (1.34-2.61) 1.74 (1.20-2.54) 843 133 1.73 (1.17-2.54)

°0R = odds ratio; 95% C/ = 95% confidence interval.

major road.

3PEF = peak expiratory flow; FeNO = fractional exhaled nitric oxide.

°Sensitivity analysis included only subjects residing more than six months at their current address.
9Model = sex (1 = males, 0 = females), school, age, race, environmental tobacco smoke, time spent outdoors, median household income, total diesel pollution, and proximity to nearest

| TABLE 3

Logistic Regression Modeling Results of Children Experiencing Adverse Respiratory Related Health
Outcomes: Gender-Specific Interschool Comparison

Crude Adjusted* Adjusted?
Gender School Health Outcomes n Events | OR° (95% CI°) OR (95% CI) n Events OR (95% CI)
Males only | EES? with CES® | PEF® <80% 504 88 1.29 1.59 403 69 1.42
(0.81-2.05) (0.80-3.17) (0.66-3.04)
FeNO® >20 parts per billion 497 105 1.29 1.44 399 78 1.55
(ppb) (0.84-1.98) (0.75-2.77) (0.77-3.12)
Females EES with CES PEF <80% 561 137 2.13 2.24 451 95 1.73
only (1.43-3.17) (1.30-3.85) (0.93-3.23)
FeNO >20 ppb 554 69 0.84 1.37 451 55 1.35
(0.51-1.39) (0.73-2.58) (0.70-2.59)

°0R = odds ratio; 95% CI = 95% confidence interval.

3EES = exposure elementary school; CES = control elementary school.
°PEF = peak expiratory flow; FeNO = fractional exhaled nitric oxide.

9Model = school (1 = EES, 0 = CES), age, race, environmental tobacco smoke, time spent outdoors, median household income, total diesel pollution, and proximity to nearest major road.
eSensitivity analysis included only subjects residing more than six months at their current address.

When comparing only the females between
the two schools, we found that the students
at the EES had greater odds for elevated
FeNO values and significantly greater odds
for low PEF (OR: 2.24,95% CI: 1.30-3.85). A
within-school analysis comparing males with
females was performed to assess the effect
of increased proximity to the rail yard on
the potential gender-related adverse respira-
tory health outcomes. At both schools, males
had greater odds than females of exhibiting
elevated FeNO values, within the adjusted
models (Table 4). Males were less likely than

12
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females, however, to exhibit low PEE These
gender-related adverse respiratory health
outcomes were magnified at the EES. For
males, elevated FeNO values of increased
odds of 1.66 vs. 1.93 were observed, as was a
decrease in odds for low PEF from 0.83 to a
significantly protective effect of 0.59.

Discussion

In our study, we observed differing adverse
respiratory health endpoints by gender.
Moreover, in a region characterized by poor
background-level air quality, both genders

were at risk for experiencing adverse respira-
tory health outcomes. Compared to females,
males were significantly more likely to exhibit
elevated FeNO values, indicative of airway
inflammation, but significantly less likely
to experience low PEE While males in both
schools had greater odds of exhibiting ele-
vated FeNO values, the gender-related differ-
ences in adverse respiratory health endpoints
were enhanced for the school next to the rail
yard; males were significantly more likely to
exhibit elevation in FeNO values and females
were more likely to exhibit reduced lung vol-



TABLE 4

Logistic Regression Modeling Results of Children Experiencing Adverse Respiratory Related Health
Outcomes: Gender-Specific Intraschool Comparison

Crude Adjusted? Adjusted*
Gender School Health Outcomes n Events 0R* (95% CI°) OR (95% CI) n Events OR (95% CI)
Males CES? only PEF* <80% 535 89 0.87 0.83 437 72 0.87
with (0.55-1.37) (0.50-1.38) (0.51-1.47)
females FeNO® >20 parts per billion 527 85 1.51 1.66 432 61 1.58
(ppb) (0.95-2.41) (0.95-2.89) (0.89-2.80)
Males EES? only PEF <80% 531 136 0.53 0.59 417 92 0.64
with (0.35-0.79) (0.37-0.92) (0.39-1.04)
females FeNO >20 ppb 525 89 2.32 1.93 411 72 1.92
(1.45-3.72) (1.14-3.26) (1.12-3.32)

¢0R = odds ratio; 95% C/ = 95% confidence interval.

3EES = exposure elementary school; CES = control elementary school.
°PEF = peak expiratory flow; FeNO = fractional exhaled nitric oxide.

9Model = sex (1 = males, 0 = females), age, race, environmental tobacco smoke, time spent outdoors, median household income, total diesel pollution, and proximity to nearest major road.
eSensitivity analysis included only subjects residing more than six months at their current address.

ume. Since previous studies lacked consis-
tent results on gender-related adverse health
outcomes associated with air pollutants, our
study provides further support for the stud-
ies supporting the existence of gender-related
differences in adverse respiratory outcomes
associated with air pollutants.

Unique Exposure Environment/Setting
Our data suggest that the unique setting of
the San Bernardino area, with the air pollut-
ants transported from the Los Angeles basin
by the prevailing winds, along with expo-
sure to a major local rail yard source, could
enhance potential gender differences in respi-
ratory health outcomes. Recent evidence
indicates that the concentration of quinones,
the key agents in the toxicity of polycyclic
aromatic hydrocarbons (PAHs), increases sig-
nificantly in an eastward direction from Santa
Monica/Long Beach toward the inland valleys
of Southern California, and that 90% of these
organic compounds measure at receptor sites
inland are generated photolytically during
atmospheric transport (Eiguren-Fernandez
et al., 2008). Both the EES and CES schools
are exposed to the toxically enhanced organic
species as they travel inland, which our data
suggest indeed impact the respiratory health
of students. In addition, students at the EES
are exposed to a local source of air pollution

from this major freight rail yard, thus further
exacerbating the respiratory health impacts
experienced by inland area students.

Of note, the constituents in the rail yard—
related emissions are likely to differ from
those in traffic-related air pollution. Railyard
emissions are associated with combustion
from diesel engines as well as other emis-
sion sources associated with the specific
daily functions of the rail yard (e.g., arriving
and departing trains, fueling of equipment
and trains, maintenance) (ENVIRON Inter-
national, 2007). It has been shown that the
diesel engines emit large quantities of fine
particulate matter, PAHs, volatile organic car-
bons, carbon dioxide, carbon monoxide, and
nitrogen oxides. Diesel exhaust also contains
other carcinogens including benzene, form-
aldehyde, and arsenic. It’s therefore possible
that EES pollutants may differ in their chemi-
cal composition from those associated with
roadway traffic. The arrival and departure of
trains may produce shavings of tiny metal
particles as metal-to-metal friction is taking
place. Indeed, a study conducted of the sub-
way system in New York City has identified a
microenvironment for heavy metal exposures
with higher iron, manganese, and chromium
in airway samples due to steel dust exposure
(Chillrud et al., 2005). Additionally, another
study has found gender-related differences
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in adverse health responses linked to heavy
metal exposures (Llop, Lopez-Espinosa,
Rebagliato, & Ballester, 2013; Vahter, Akes-
son, Liden, Ceccatelli, & Berglund, 2007).

Implications of Study Findings
The findings from our study have a number
of implications especially for school and local
health professionals in areas with air quality
issues, but also for key government officials
and local institutions. Local health profes-
sionals should be aware of the potential
impact on the respiratory health of residents
living in regions with high background levels
of air pollutants, especially with the added
burden of exposure to rail-yard-associated
emissions and that these adverse respiratory
health endpoints may differ by gender.
Given the fact that air pollution has been
shown to promote initial development of
asthma in children, routine asthma screen-
ing should be offered to all children attend-
ing schools in areas burdened with complex
air pollution (McConnell et al., 2010). Health
professionals have a responsibility to con-
sider the impact of these environmental con-
ditions on growing children, especially on
children from low-income minority house-
holds who often already live stressful lives
and are, according to emerging evidence, at
even greater risk of adverse respiratory health
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effects (Islam et al., 2011; Shankardass et al.,
2009). Chen and co-authors (2008) have
reported that chronic traffic-related air pollu-
tion and stress interact to predict biologic and
clinical outcomes in asthma that are stronger
than either factor alone. Proximity to a major
air emissions source like the rail yard may
further increase difficulty in asthma manage-
ment for children complicated by differential
gender presentation. A better understanding
of the gender-related difference in response
to different types of air pollutant exposure
may lead to novel prevention and treatment
strategies for children residing in areas with
multisource air pollution.

In addition to implications for school and
health officials, implications also exist for
government officials and institutional agen-
cies serving these high-impact areas. Indeed,
the needs of these types of affected communi-
ties should be addressed by taking a Health in
All Policies (HiAP) approach (National Asso-
ciation of County and City Health Officials,
2013; Spencer-Hwang et al., 2014). Coor-
dinated efforts should focus on responsive
policy development and implementation to
ensure beneficial effects moving toward pre-
vention, as well as delivery of health services
to address already emerging needs within the
community. As imports into the U.S. con-
tinue to grow and expansion of inland ports
is a reality, results of this study should pro-
vide caution toward protecting children who
are among the most vulnerable of the affected
communities and allow them a chance at an
environment where they can live and thrive
(Landrigan & Etzel, 2014).

Strengths and Limitations
Our study has a number of strengths that
merit discussion. Rather than merely rely-

ing on the self-reporting of individuals par-
ticipating in the study, biological measure-
ments were obtained, including tests on
airway inflammation (FeNO) as well as lung
function (PEF). The comparison school
was sociodemographically matched to the
exposure school to allow for a robust com-
parison. The schools were in close proxim-
ity to each other and therefore subject to
virtually the same levels of regional air pol-
lution, allowing us to assess the additional
rail-yard-related risk in an environment
already burdened by poor background-level
air quality. Finally, a high overall study par-
ticipation rate (74%) allowed us to obtain
a large sample of participants for whom we
had complete data.

Our research also had some limitations.
One, school location, rather than actual per-
sonal exposure measurements, was used as
a surrogate of exposure. Additionally, due
to the cross-sectional design of our study, a
causal association between FeNO and PEF
outcomes and exposure to DPM between
CES and EES students cannot be established.
Future research studies should attempt to
collect individual longitudinal exposures on
children as has been done in adults (Spira-
Cohen, Chen, Kendall, Lall, & Thurston,
2011; van Roosbroeck et al., 2006), such as
having participants carry personal monitor-
ing equipment for an extended period of
time. Another limitation was the difficulty
of isolating the exposures to rail-yard-related
(on-site) emissions given the presence of
other (off-site) local sources of pollution.
The 2008 CARB report has documented,
however, that the SBR accounts for 66% of
the combined on-site and off-site DPM emis-
sions and adjustments were made to take that
into account in our model.

Conclusion

In summary, emerging epidemiological evi-
dence indicating the existence of gender-
related differences in adverse respiratory
health outcomes is supported by the find-
ings from this research study (Brunekreef
et al., 1997; Delfino et al., 2004; Llop et al.,
2013; Vahter et al., 2007). We also found that
increased exposure to air pollution from a
major goods movement rail yard additionally
contributes (adversely) to enhancing gender-
related respiratory health outcomes, even in
an area plagued with poor background air
quality. Further research is warranted to bet-
ter understand the impact of air pollution on
the gender-related respiratory differences and
for potential development of novel preven-
tion and treatment strategies. &%
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» INTERNATIONAL PERSPECTIVES

A Step Towards Improving Food
Safety in India: Determining
Baseline Knowledge and
Behaviors Among Restaurant
Food Handlers in Chennai

A b St I’aCt With the establishment of the Food Safety and
Standards Authority of India (FSSAI) and new food safety regulations, a
precedent has been set to prevent foodborne illness in India. The objective
of the authors’ study was to identify knowledge gaps among food handlers
in Chennai, Tamil Nadu, to establish priorities for future intervention. A
44-question survey was administered to 156 food handlers at 36 restaurants
in Chennai between April and June of 2011. The overall mean knowledge
score was 49% and knowledge gaps related to hand hygiene, proper food
cooking and holding temperatures, and cross contamination were identified.
Food handlers with a Medical Fitness Certificate scored significantly higher
than those without a certificate, after controlling for food safety training
and level of education (p < .05). As the FSSAI standards now require a
medical certificate for restaurant licensure and registration, consideration

should be given to include an educational component to this certification

with an explanation of expected food safety behavior.

Introduction

Foodborne diseases are a growing public
health problem worldwide. The World Health
Organization estimates that foodborne and
waterborne illnesses account for 1.8 million
childhood deaths annually, predominantly in
developing countries (World Health Organi-
zation, 2005). In India, a substantial amount
of illness and death can be attributed to diar-
rheal disease, but the burden of foodborne ill-
ness is not fully recognized or understood. A
review conducted by the Food and Drug Tox-
icology Research Center in Hyderabad, India,
found 37 foodborne disease outbreaks from
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1980 to 2009. Researchers concluded that
foodborne disease in India is highly under-
reported and that a national surveillance sys-
tem would improve effective detection and
prevention of outbreaks (Sudershan, Naveen
Kumar, & Polasa, 2012).

Increasingly, food is consumed outside the
home with the potential for exposure to poor
hygiene in commercial food service settings
(World Health Organization, 2008). A 2007
food safety study of knowledge, attitudes,
and practices reported that mothers in south-
ern India consider home-cooked meals to be
safer than prepared meals bought outside the

Mindi R. Manes

Paraswami Kuganantham
Murugesan Jagadeesan

M. Laxmidevi

Mark S. Dworkin

School of Public Health
University of llinois at Chicago

home and they were even reluctant to eat
meals prepared by “reputed hotels or eateries
(Subba Rao, Sudershan, Pratima Rao, Vishnu
Vardhan Rao, & Polasa, 2007).”

In the U.S., working while ill, failing to
properly wash hands, inadequately cleaning
equipment, cross contamination, and tem-
perature abuse are known risk factors associ-
ated with foodborne illness outbreaks (Food
and Drug Administration, 2011; Todd, Greig,
Bartleson, & Michaels, 2007). A lack of food
safety knowledge can lead to these unsafe food
handling behaviors that increase risk for food
poisoning. Limited research has been pub-
lished assessing food handler knowledge and
behaviors in developing regions, such as India
(Al-Khatib & Al-Mitwalli, 2009; Malhotra, Lal,
Prakash, Daga, & Kishore, 2008; Onyeneho &
Hedberg, 2013; Sangole, Lanjewar, Zodpey, &
Doifode, 2001; Singh, 2004; Udgiri & Yadavn-
navar, 2000). Given that behavior may change
as a result of several factors including knowl-
edge, an assessment of food handler knowledge
of safe food handling practices is necessary and
can be useful in designing educational inter-
ventions that target these knowledge gaps and
related behaviors (DeBess, Pippert, Angulo,
& Cieslak, 2009; Dworkin, Panchal, & Liu,
2012; Manes, Liu, Burke, & Dworkin, 2014;
Manes, Liu, & Dworkin, 2013; Panchal, Liu,
& Dworkin, 2012).

The Indian Parliament, with the Food
Safety and Standards Act (2006) and the
Food Safety and Standards Authority of India
(FSSAT), is taking action to reduce foodborne
illness in India. Food safety in restaurants



KBLE 1
Characteristics of Restaurants Participating in a Knowledge Survey
in Chennai, India, 2011 (N = 36) and Score Out of 23 Food Safety
Knowledge Questions
Characteristic Frequencies Bivariate Analysis
Restaurant Food Handler Mean Score p-Value
n (%) n (%) (%)
Restaurant size .3225
Small (<10 tables) 5(14) 22 (14) 12.0 (52)
Medium (>10 tables but 20 (56) 94 (60) 11.0 (48)
<30 tables)
Large (>30 tables) 11 (30) 40 (26) 11.2 (49)
Food service style .0007
Fast food 6(17) 23 (15) 13.3 (58)
Informal (casual) 25 (69) 114 (73) 10.8 (47)
Formal 5(14) 19 (12) 10.9 (47)
Food specialization 1263
Vegetarian 12 (33) 46 (29) 10.6 (46)
Nonvegetarian 24 (67) 110 (71) 11.4 (50)
Chain or independent .0231
Chain 19 (53) 69 (44) 11.8 (51)
Independent 17 (47) 87 (56) 10.7 (46)
Average entrée price .0244
<100 Indian rupees 20 (56) 93 (57) 10.8 (47)
>100 Indian rupees 16 (44) 63 (39) 11.8 (51)

and other food service establishments is one
area of regulatory focus. The purpose of our
study was to assess knowledge gaps among
food handlers in restaurants in Chennai,
Tamil Nadu, India, in order to use that infor-
mation to guide the development of future
interventions in restaurant food safety.

Materials and Methods

Sample and Participants
From April through June 2011, a survey of
restaurant food handlers in Chennai, Tamil
Nadu, was administered by the local health
department, known as the Corporation of
Chennai. Restaurants of varying sizes, food
prices, food types, and cuisines were selected
using purposive sampling methodology.
Health inspectors selected two to three res-
taurants within their normally assigned geo-
graphic zone to approach for the study (Cor-
poration of Chennai, 2008).

Restaurant managers were approached in
person by trained Corporation of Chennai
sanitarians for approval to conduct inter-

views with the staff at each restaurant. A
signed consent was obtained that required
participants be 18 years or older. Eligible par-
ticipants were food handlers defined as res-
taurant employees who prepare food (wash-
ing, cutting, cooking, or placing food onto a
plate) to be consumed by patrons. Surveys
were administered in either Tamil or English
and completed discreetly at the restaurants.
Approval from the Corporation of Chennai
ethics board and the University of Illinois
at Chicago institutional review board was
received prior to survey initiation.

Instrument Development and Data
Collection

A 44-question survey instrument was devel-
oped to determine baseline knowledge and
to collect self-reported behaviors among the
food handlers. The survey was adapted from
one used to assess baseline knowledge of food
handlers in the suburbs of Chicago (Manes
et al., 2013). Survey modifications and lan-
guage translations were provided by staff
from the Corporation of Chennai. The survey

included 23 food safety knowledge questions
and tested knowledge of germs, appropri-
ate temperatures for heating and cooling of
foods, handling of raw and ready-to-eat food,
and cross contamination. Participants were
also asked about behavior practices includ-
ing hand hygiene and working while ill.
Food handler demographic information was
collected and included history of food safety
training and certification, restaurant job type,
frequency of specific food handling tasks, and
typhoid vaccination. Restaurant characteris-
tics including size, service style, food type,
and average entrée price were also obtained.

Statistical Analysis

Statistical analysis was performed using SAS
version 9.3 for Windows with data from all
participating food handlers. An overall knowl-
edge score was determined by the proportion
of correctly answered knowledge questions
of the 23 from the survey. An overall vegetar-
ian knowledge score was determined by the
proportion of correctly answered knowledge
questions of the 15 vegetarian-only questions
by removing all questions involving meat
temperatures or preparation.

Bivariate analyses were performed to iden-
tify food handler or restaurant variables
associated with knowledge score. Analysis of
variance models with Tukey’s pairwise com-
parisons were employed to compare the mean
knowledge scores for categorical variables. To
identify factors associated with the food han-
dler knowledge score, multivariable analysis
was performed using mixed-effects regression
models. A multilevel random restaurant and
geographic zone effect was used to account
for the potential correlations between food
handlers from the same restaurant and zone.
Variables that had a statistically significant
association (p < .1) with the knowledge score
were included in the multivariate analysis. A
backward elimination method with a prob-
ability of Type I Error of a = .10 was used to
determine the significant variables to remain
in the final regression model.

Results

From April through June 2011, 36 restau-
rants from six of the 15 geographical zones in
Chennai, Tamil Nadu, were approached and
participated in the study. Among the 36 res-
taurants, 56% (20) were medium-sized, 69%
(25) had informal/casual dining, and 56%
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TABLE 2

Characteristics of Food Handlers Participating in a Knowledge
Survey in Chennai, India, 2011 (N = 156) and Score Out of 23
Knowledge Questions

(20) had an average entrée price of Indian
rupees (INR) 100 or less (INR 100 was equiv-
alent to U.S. $2.25 at the time of this study)
(Table 1). Approximately half were chain res-
taurants (19, 53%) and two-thirds (24, 67%)
served nonvegetarian meal options.

Among the 156 food handlers interviewed,
the mean age was 29.3 years (range: 19-51
years) and 92% (144) were male (Table 2).

Characteristic

Frequencies

Bivariate Analysis

n (% Score (% Value
Seventy-one percent (111) of the food handlers ) ) La
. . Age .006
had no more than a high school education. The
. . 18-29 years 93 (59) 11.8 (51)
average time spent working as a food handler
30-39 years 43 (28) 10.3 (45)
was 2.4 years (range: 0.2-40 years). Forty-
>40 years 20 (13) 10.2 (44)
four percent of the food handlers worked as
o Gender 1188
the restaurant chef or cook, 21% maintained a
. Male 144 (92) 11.3 (49)
supervisory role, and 21% served as other res-
o .. Female 12 (8) 9.9 (43)
taurant staff. Many (60, 38%) of the participat- :
. . Education .0003
ing food handlers reported not obtaining the Aisnded or compleled orimar 28 24 102 (4
Corporation of Chennai required Medical Fit- Attended or completed Ei ha yh | 23 (47) 10.8 (47)
ness Certificate (a health exam administered gnced of compreed igh SChoo @7 87
Attended or completed college 45 (29) 12.6 (55)

by a Chennai clinic certifying the food handler
healthy enough to work with food served to
the public) or not receiving food safety train-
ing at their current job (87, 56%). A history of
college education and of receiving food safety

Medical Fitness Certificate .0009
Self-reported certificate 11.8 (51)
No certificate 10.2 (44)

Food safety training from restaurant .0001

. Self-reported training 69 (44) 12.3 (53)
training was more common among food han- No trai : 1030
dlers reporting a medical certificate than those 0 ”a'“'_”,g received 87(56) 03 (48)
without a certificate (38% vs. 13%, p = .008 Current position at r.estaurant .0239
and 59% vs. 20%, p < .001, respectively). Of Manager/supervisor 82 (21) 122(59)
the 156 food handlers, only 17% (27) reported Chef/cook 70 (44) 105 (46)
. . Other restaurant staff 32 (21) 11.9(52)
ever hearing about Indias Food and Safety =
Standards (2006) regulation. Unknown position 22 (14) 10.8 (47)
Time working as a food handler .0465
Identifying Knowledge Gaps <1 year 36 (23) 11.2(49)
The overall mean knowledge score was 49% 1-5 years 54 (35) 11.9(62)
(11.2/23, SD = 2.9) and the overall mean 6-10 years 38 (24) 10.2(44)
>11 years 28 (18) 11.1 (48)

knowledge score for vegetarian-only ques-
tions was 38% (5.7/15, SD = 2.1). Most food
handlers were knowledgeable of how the
spread of germs can be related to personal
hygiene. The following responses highlight
this awareness: “unhygienic behavior causes
germs and bacteria in hands and body” and
“germs are live bacteria and can cause some
disease.” Food handlers performed poorly,
however, when asked to identify the dan-
ger zone for pathogen growth (14, 9%), the
proper temperature to cook meat (1, 0.6%),
and the proper holding temperatures for hot
and cold foods (1, 0.6% and 4, 3%, respec-
tively) (Table 3). Only 21% (33) and 53%
(83) of the food handlers knew that cooked
rice and uncooked eggs can have germs that
can make people sick, respectively. By con-
trast, a much greater proportion of partici-
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continued »

pants were aware that uncooked chicken and
beef can have germs that can make people
sick (145, 93% and 141, 90%, respectively)
and that uncooked meat can cause seri-
ous conditions, like bloody diarrhea (127,
81%). A substantial proportion of food han-
dlers was aware that storing raw eggs and
meat above ready-to-serve food is an unsafe
food storage practice (121, 78% and 126,
81%, respectively); however, only 57% cor-
rectly identified that “vegetables for a salad
splashed with raw chicken juice should not
be rinsed, but instead must be thrown away,”
as true. For the hand hygiene questions,
72% (113) of the food handlers correctly
answered true that “you need to thoroughly

wash hands when using single-use gloves to
handle food.” Approximately half knew to
use warm water when washing hands and
to use a clean paper towel to dry hands (71,
46% and 77, 49%, respectively). The majority
of food handlers, however, stated that using
bare hands or clothing to turn off the water
after washing hands was acceptable (59, 38%
and 29, 19%), rather than the recommended
method of using a paper towel.

Important unsafe behaviors were also
identified, particularly with regard to hand
hygiene and working while ill. Twenty-three
percent of the participants stated that they
would come to work with a sore throat and
cough and 14% would come to work with



KBLE 2 continued
Characteristics of Food Handlers Participating in a Knowledge
Survey in Chennai, India, 2011 (N = 156) and Score Out of 23
Knowledge Questions
Characteristic Frequencies Bivariate Analysis
n (%) Score (%) p-Value
Meat food handling task .0112
Handles meat 80 (51) 11.8 (51)
Does not handle meat 76 (49) 10.6 (46)
Seafood food handling task .0250
Handles seafood 76 (49) 11.7 (51)
Does not handle seafood 80 (51) 10.7 (47)
Egg food handling task .2201
Handles eggs 78 (50) 11.4 (50)
Does not handle eggs 78 (50) 10.9 (47)
Vegetable/fruit food handling task .7558
Handles vegetables/fruit 135(4) 11.2 (49)
Does not handle vegetables/fruit 21 (25) 11.0 (48)
Personal dietary restrictions .0249
No restrictions 103 (66) 11.6 (50)
Vegetarian diet only 35(22) 10.3 (45)
Other diet restrictions 18 (12) 10.3 (45)
Typhoid vaccination (self-reported) 1676
Vaccinated 51(33) 11.6 (50)
Unvaccinated 74 (47) 11.2 (49)
Unknown vaccination status 31(20) 10.4 (45)
Previous diarrhea- or vomiting-associated hospitalization .0613
Previously hospitalized 17 (11) 10.5 (46)
Not hospitalized 124 (79) 11.5(50)
Unknown 15(10) 9.7 (42)

diarrhea. Eighty-seven percent (135) of the
food handlers stated that they always washed
their hands after using the restroom at work,
whereas 42% (65) answered the question “If
you only urinated and did not have a bowel
movement, you do not need to wash your
hands” incorrectly as true.

Factors Associated With the
Knowledge Score

Bivariate analysis revealed restaurant char-
acteristics significantly associated with the
knowledge score. The mean knowledge score
for fast-food-style restaurants was signifi-
cantly greater compared to informal (casual)
and formal restaurants (58%, 47%, and 47%,
respectively, p = .0007) (Table 1). Similarly,
the mean knowledge score for chain restau-
rants was significantly but not substantially

greater compared to nonchain restaurants
(51% and 46%, respectively, p = .02) and
for restaurants serving less expensive meals
compared to those serving more expensive
meals (51% and 47%, respectively, p = .02).
Food handler characteristics significantly
associated with the knowledge score were
also identified. Food handlers ages 18 to 29
years had a greater mean knowledge score
compared to those in the age ranges of 30 to
39 years and 40 years and older (51%, 45%,
and 44%, respectively, p = .006) and those
with at least some college education scored
higher than those with less education (55%
vs. 47% and 44%, respectively; p = .0003)
(Table 2). Managers/supervisors and “other
restaurant staff” scored higher than chefs/
cooks (53% and 52% vs. 46%, respectively; p
=.023). The mean knowledge score for food

handlers who reported having the Chennai-
required Medical Fitness Certificate or those
having received food safety training at the
restaurant was greater than for those who did
not have the certificate or received training
(51% vs. 44%, respectively; p = .0009 and
53% vs. 48%, respectively; p = .0001).

In the final mixed-effects regression model
predicting knowledge, a significant covari-
ance between knowledge scores of food han-
dlers from the same restaurants was detected
(random restaurant effect, 0 = 3.35 [SE = 1.09,
p = .001]). The random zone effect was not
significant and removed from the final model.
No restaurant characteristics were significant
in the final model. Food handlers with only
primary or secondary education scored sig-
nificantly lower compared to persons who had
at least some college education (1.23 points
lower, p = .046 and 1.18 points lower, p =.019,
respectively) (Table 4). Food handlers who
reported receiving food safety training in the
participating restaurant had higher knowledge
scores than those without training (p = .022)
and having reported a Medical Fitness Cer-
tificate was associated with a slight increase of
1.04 points in knowledge score (p = .02).

Discussion

The Food Safety and Standards set by FSSAI
have established a new precedent of higher
standards for food safety in restaurants in
India (Ministry of Health and Family Wel-
fare, 2011). Our study provides a rare look
into baseline conditions related to food
safety in a large urban Indian area. The food
handlers in our study had an average over-
all food safety knowledge score of 49%,
demonstrating substantial gaps that need
to be addressed. The main areas in need of
improvement involved hand hygiene prac-
tices, temperatures for cooking and holding
foods, and cross contamination.

Inadequate hand hygiene knowledge and
behavior among restaurant food handlers has
contributed to many foodborne illness out-
breaks (Angelillo, Viggiani, Rizzo, & Bianco,
2000; Clayton, Griffith, Price, & Peters,
2002; Green et al., 2007; Guzewich & Ross,
1999; Lynch, Painter, Woodruff, & Braden,
2006; Scallan, Griffin, Angulo, Tauxe, &
Hoekstra, 2011). Although many food han-
dlers in our study understood how the spread
of germs can be related to personal hygiene,
hand hygiene knowledge was poor. More
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KBI_E 3

Frequencies of Correct Responses to Knowledge Questions Asked of Chennai Restaurant Food Handlers,

2011 (N = 156)

Temperature
Germs that make people sick grow well within which temperature rage? (5°C-57°C) Fill-in-the-blank 8 (5)
What is the temperature of the “Danger Zone”? (5°C-57°C) Fill-in-the-blank 14 (9)
Hot foods, such as biryani at a buffet table, should be held at what temperature or above? (57°C) Fill-in-the-blank 1(0.6)
Cold foods, such as yogurt, should be stored at what temperature or lower? (5°C) Fill-in-the-blank 4(3)
Cooked meat, for example chicken, should be cooked to at least what internal temperature? (70°C) Fill-in-the-blank 1(0.6)
Where should a meat thermometer be inserted to accurately check the temperature? (The thickest part of the meat) Multiple choice 29 (24)
It is safe to put frozen chicken breast on the counter to thaw? (False) True/False 88 (56)

Cross contamination
In the refrigerator, it is safe to store raw eggs in shells above ready-to-serve raw vegetables? (False) True/False 121 (78)
Raw meat can be stored above ready-to-serve food. (False) True/False 126 (81)
Gloves used to handle ready-to-eat food should be thrown in the trash when interruptions occur in operations. (True) True/False 82 (53)
Vegetables for a salad splashed with a few drops of raw chicken juice should not be rinsed, but instead must be thrown True/False 89 (57)
away? (True)
Cleaning and sanitizing mean the same thing? (False) True/False 39 (25)

Germs
Did you know that eating cooked rice could cause you to become ill enough to need to go to the hospital? (Yes) Yes/No 33(21)
Did you know that eating uncooked eggs could cause you to become ill enough to need to go to the hospital? (Yes) Yes/No 83 (53)
Did you know that eating uncooked chicken could cause you to become ill enough to need to go to the hospital? (Yes) Yes/No 145 (93)
Did you know that eating uncooked meat could cause you to become ill enough to need to go to the hospital? (Yes) Yes/No 141 (90)
Eating ground meat that is not completely cooked can cause bloody diarrhea? (Yes) Yes/No 127 (81)
A food handler who has a small infected cut on his or her finger prepares food that is kept warm but not hot. The person who True/False 128 (82)
eats the food could become ill with vomiting and diarrhea? (True)

Hand hygiene
At work if you only urinated, and did not have a bowel movement, you do not need to wash your hands before returning to True/False 91 (58)
food handling? (False)
Do you need to have thoroughly washed hands if you use single-use gloves to handle food? (Yes) Yes/No 113 (72)
When you wash your hands at work should you use cold or warm water? (Warm/hot water) Multiple choice 71 (46)
When you wash your hands at work, what do you use to dry your hands? (Clean paper towel) Multiple choice 77 (49)
After you wash your hands at work, how should you turn off the water? (Using the paper towel used to dry hands or Multiple choice 36 (23)
automatic tap)

than one in 10 reported not always washing
their hands after using the restroom at work,
and just over half (58%) knew that hands
should be washed after urination. Compared
to data reported in a study of food handlers
working in a medical college in Delhi, India,
restaurant food handler knowledge of proper
hand washing was low. Malhotra and co-
authors (2008) reported that 98.5% of food
handlers knew that hands should be washed
after micturition (urination) although only
82% reported actually washing their hands
after urination. Discordance between food
handler knowledge and proper hand wash-
ing behavior is important and has also been
reported from studies in the U.S. and Wales.
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This discordance highlights the importance
of addressing both knowledge and behavior
(Clayton et al., 2002; Green et al., 2007).
Our study also identified knowledge gaps
related to proper temperatures for cooking and
holding food. The questions about the range
of the temperature danger zone, the internal
temperature to cook chicken, and the proper
holding temperatures for hot and cold foods
were answered correctly by fewer than 10% of
the food handlers. Similarly poor results have
been reported among food handlers in Illinois
and Switzerland, suggesting that such lack of
knowledge is a widespread problem (Dworkin
etal., 2012; Manes et al., 2013; Panchal, Bon-
hote, & Dworkin, 2013; Panchal et al., 2012).

The newly regulated Food Safety and Stan-
dards emphasize that local health depart-
ments provide a list of food handlers with
a Medical Fitness Certificate to FSSAI on
an annual basis. Although the certification
process is not new, reporting to FSSAI may
help to ensure compliance. At the time of
our study, food handlers employed in res-
taurants in Chennai were required to obtain
a certificate, but only 38% reported having
one. To obtain the certificate, food handlers
visit a public health clinic, receive a physi-
cal health exam, provide blood or urine
samples for testing, and receive a pamphlet
listing hygienic practices. The purpose of
the Medical Fitness Certificate is to deter-



TABLE 4

Food Handler Characteristics® Associated With Knowledge Score,
Mixed-Effects Regression Analysis (N = 156), 2011

Characteristic Multivariate Analysis

Estimate (SE) p-Value
Scale of 0-23
Intercept 13.35 (0.88) <.0001
Medical Fitness Certificate (self-reported) 1.04 (0.48) .0210
Education
Attended or completed college Ref
Attended or completed high school -1.18 (0.49) .0189
Attended or completed primary school -1.23 (0.61) .0467
History of food safety training (self-reported) 1.12(0.37) .0215

No restaurant characteristics were significant in the final model.

mine if food handlers are free from infec-
tious diseases, like typhoid. Although a food
safety educational component isn't included
in the certificate, our results showed that
the self-reported Medical Fitness Certificate
was independently associated with the food
safety knowledge score after controlling for
food safety training and education. Poten-
tial hypotheses for this association are that
food handlers already knowledgeable about
food safety are those who make the effort to
obtain the certificate, and that food handlers
who undergo the process of obtaining the
certificate may gain an appreciation of the
importance of food safety and therefore seek
knowledge related to the subject. According
to the Theory of Motivated Information Man-
agement, the association between Medical
Fitness Certificate screening and food safety
knowledge is possible through an iterative
process consisting of an awareness of the
transmission of infectious disease, evaluation
of the pursuance of food safety knowledge,
and the decision to seek further information
regarding the safe handling of food (Afifi &
Weiner, 2004). It is also possible that the
food handlers working at a restaurant that
required the medical certificate are working
at restaurants that maintain a culture of food
safety (in our study 59% of the food handlers
with a medical certificate also reported food
safety training).

Food handlers working while ill is another
area of concern identified by our study and

underscored by foodborne illness outbreaks.
For example, in West Bengal, India, a typhoid
fever outbreak with 103 suspected cases
likely resulted from an infected food handler
who did not wash his hands (Bhunia et al.,
2007). Although the typhoid vaccine is rec-
ommended for adolescents (India Academy
of Pediatrics, 2012), our study showed that
a substantial proportion of the food handlers
were either unvaccinated or of unknown vac-
cination status (67%). Current Association of
Physicians of India (API) guidelines do not
recommend routine typhoid immunization
of adults and no recommendations have been
provided by the group for food service work-
ers in India (API, 2009). Because ill food
handlers can shed pathogenic organisms that
may be transferred through food, it is critical
that they understand the substantial conse-
quences of working while ill and how to pre-
vent the spread of disease.

A limitation of our study was that restau-
rants were selected using purposive sam-
pling, as the city did not have a list of all
Chennai restaurants from which to generate a
random sample. Since the study was intended
to guide educational intervention, rather
than produce a broadly generalizable statis-
tic, this limitation was considered accept-
able. Six of 15 geographical zones are repre-
sented in these data and geographical zone
was examined as a potential confounding
factor. Unlike the restaurant level, the zone
was not significant in the multilevel random

effects regression model. As with any smaller-
sized study, the limited number of restaurants
and participants may bias results and reduce
generalizability.

Conclusion

Substantial food safety knowledge gaps exist
among food handlers in Chennai. The main
areas in need of improvement involved hand
hygiene, cross contamination, and tempera-
tures for cooking and holding foods, common
themes for food handler education. To our
knowledge this is the first study examining an
association between the Indian Medical Fit-
ness Certificate and food safety knowledge.
Future research should further evaluate the
effectiveness of having this certificate on food
safety knowledge and behavior, especially
with the new FSSAI standards requiring all
food handlers to have it. Consideration should
be given to including an educational compo-
nent to this certification with an explanation
of expected food safety behavior. In response
to this need, the investigators have created
an educational brochure that instructs on the
food safety topics prioritized by the knowl-
edge survey and restaurant inspections. The
brochure was adapted from educational inter-
ventions shown to be effective in improving
food safety knowledge among restaurant food
handlers in Chicago (Dworkin et al., 2012;
Manes et al., 2014). 2%
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AIcHHaTardEr

Safety Evaluation of Metal
Exposure From Commonly
Used Hair Dyes and Tattoo

Inks in Nigeria

the samples.

A b S t rac t Inthe study described in this article, the concentrations
of metals (cadmium, copper, chromium, aluminum, lead, nickel, zinc,
cobalt, manganese, and iron) in samples of some commonly used hair dyes
and tattoo inks were determined with a view to providing information on
the hazards associated with the use of these products. The concentrations
of metals were measured after nitric acid/perchloric acid/hydrogen peroxide
digestion by atomic absorption spectrometry. Results indicated that the
tattoo ink samples contained allergenic metals such as nickel, chromium,
and cobalt at concentrations above the suggested limit of 1 pg/g for greater
skin protection, and the toxic metals were below their respective prescribed

limits, as impurities in ingredients for use for cosmetics, in the majority of

Introduction

Tattoos and dying of hair have been prac-
ticed for several centuries worldwide. Tattoos
have been used as a simple fashionable body
ornament as well as to express membership
of a particular sociocultural group (Forte,
Petrucci, Cristaudo, & Bocca, 2009).

In permanent tattoos, the pigments are
deposited into the dermis by means of a
needle, which ensures that pigments are
permanent. The person is directly exposed
to the ingredients in the tattoo color. Tattoo
colors are metal based; for instance, dichro-
mate, cobalt, cadmium, and mercury salts are
used as the base for green, blue, yellow and
red colors, while iron oxide, titanium diox-
ide, cobalt, and manganese are prevalent in
brown, white, black, and violet (Forte et al.,
2009; Kaatz, Elsner, & Bauer, 2008). Organ-
ics and metals are sometimes combined to
create a different hue, brightness, lightness,
and shade of colors (Duke, Urioste, Dover, &
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Anderson, 1998). The direct contact of the
skin with the metal components of these pig-
ments can cause metal-related skin inflam-
mation such as allergic, eczematous, lichen-
oides, psudolymphomatous, or granuloma-
tous reactions in sensitized persons.

The assessment of metal concentrations
in personal care products is a public health
concern since the use of these products could
represent a possible source of human expo-
sure to a variety of chemicals (Piccinini, Pie-
cha, & Torrent, 2013). Most of these products
are applied directly to human skin. While
skin provides a good protective barrier, some
of the ingredients in cosmetic products can
penetrate the skin and reach vital internal
organs via the circulatory system (Gondal,
Seddigi, Nasr, & Gondal, 2010) where they
can exhibit acute or chronic toxicity.

Exposure to low concentrations of lead can
cause disorders such as behavioral abnor-
malities, decreased learning and hearing,
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and permanent neurological damage and
can have adverse effects on the reproductive,
hepatic, and renal systems. The International
Agency for Research on Cancer (IARC) has
categorized cadmium as a group 2A carcino-
gen because it is a cell poison, which causes
different types of damage including cell
death or increased cell proliferation (World
Health Organization, 2004).

Other metals such as nickel, chromium,
iron, manganese, zinc, and aluminum are
essential to humans since they are involved
in many biological processes, even though
some controversy still exists surrounding
chromium. Despite the importance of these
metals to humans and other organisms, the
presence of these metals in personal prod-
ucts may constitute a serious health risk, e.g.,
allergic reactions. Nickel, chromium, and
cobalt are well-known allergens, while cop-
per, manganese, and zinc are seen as weak
allergens. The objective of our study was to




TABLE 1

Hair Dyes and Tattoo Inks Sampled
| Brndtame | Gaor | Counry ot ron | v ngrdins
Hair dyes
Above Nature Black India Nil
Above Floweriness Red India Nil
Above Violet Red India Nil
Cruset Deep black China Cetearyl alcohol,
hydrogen peroxide
Orino Black China Nil
Orino Wine China Nil
Orino Gold China Nil
Orino Purple China Nil
Orino Coral brown China Nil
Orino Chestnut brown China Nil
Orino Purplish wine China Nil
Sabary Wine red India Nil
Sabary Chestnut brown India Nil
Sabary Grape red India Nil
Sabary Splendid purple India Nil
Sabary Splendid red India Nil
Native Dye Black Nigeria Nil
Tattoo inks
Intenze Lemon yellow USA Nil
Intenze Bright red USA Nil
Intenze True black USA Nil
J.Y. Red China Nil
J.Y. Black China Nil
J.Y. Blue China Nil
J.Y. Green China Nil
Note. Nil = not specified.

evaluate the concentrations of metals (cad-
mium, copper, chromium, aluminum, lead,
nickel, zinc, cobalt, manganese, and iron) in
hair dyes and tattoo inks with a view to pro-
viding information on the hazards associated
with use of these products.

Materials and Methods

Sampling

Samples of commonly used hair dyes and
tattoo inks were purchased from markets in
Abraka, Warri, Asaba, Benin-City, and Lagos,
Nigeria. A total of 24 brands were collected,
including some manufactured in Nigeria and
some imported from other countries. The
choice of brands was carefully made to reflect
the brands used by different income classes.

Within each type or brand, a total of three
samples with different batch numbers and
date of manufacture were collected in order
to study the variation in elemental concentra-
tions within a particular brand. All samples
collected were within their specified usage
periods (shelf life). Information about the
brand names, country of origin, and active
ingredients of these products is displayed in
Table 1.

Reagents

All reagents, nitric acid (69%), hydrogen per-
oxide (30%), and perchloric acid, were ultra-
pure quality. The calibration standards were
prepared by diluting 1,000 mg/L commercial
standards of cadmium, copper, chromium,

aluminum, lead, nickel, zinc, cobalt, manga-
nese, and iron with 0.25 mol/L nitric acid.

Sample Preparation

A mass of 1.0 g of each sample was placed in
a Teflon vessel, to which 20 mL of concen-
trated nitric acid, 10 mL of perchloric acid,
and 5 mL of hydrogen peroxide were added
and the mixture (sample + acids) was left
to stand overnight. The following day, the
sample was heated on a hotplate to 125°C for
two hours. The sample solution was allowed
to cool, and was then filtered and made up
to 25 mL with 0.25 mol/L nitric acid. Four
blanks were prepared in an identical manner,
but omitting the samples.

Chemical Analysis

All digested samples were analyzed in tripli-
cate for cadmium, copper, chromium, alumi-
num, lead, nickel, zinc, cobalt, manganese,
and iron by using flame atomic absorption
spectrometry. Calibration standards and blank
solutions were analyzed in the same way as the
samples. In each analysis at least three to four
blanks were analyzed. The average blank sig-
nal was subtracted from the analytical signal of
the sample before statistical analysis.

Quality Control and Statistical
Analysis

All glassware used in the study was previ-
ously soaked in 10% (v/v) nitric acid solu-
tion for 24 hours and rinsed with deionized
water. The instrument was calibrated after
every 10th run. The accuracy of the analyti-
cal procedure was verified by using a spike
recovery method. A known amount of the
test element was introduced into an already
analyzed sample and the sample was reana-
lyzed. The percentage spike recoveries for
metals were between 89.0% and 98.9%. The
limits of detection for the metals were 0.05,
0.01, 0.03, 0.01, 0.08, 0.01, 0.01, 0.01, 0.02,
and 0.03 pg/g while the limits of quantifica-
tion were 0.15, 0.03, 0.10, 0.25, 0.03, 0.03,
0.03, 0.03, 0.05, and 0.10 pg/g for cadmium,
copper, chromium, aluminum, lead, nickel,
zinc, cobalt, manganese, and iron, respec-
tively. Analysis of variance (ANOVA) and
Tukey’s multiple comparison tests were used
to determine whether the concentrations of
metals varied significantly within the same
brand and among the different brands of hair
dyes and tattoo inks.
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KBI_E 2
Metal Concentrations (ug/g) in Hair Dyes and Tattoo Inks Purchased in Nigeria
e [ e e

Codes

Hair dyes
HD-1 <0.15 2.00+0.16 7.50+0.45 <0.25 3.00+0.15 0.73+0.04 32.5+4.23 <0.03 22.3+3.34 76.1x13.7
HD-2 <0.15 7.00+1.05 | 8.00+0.64 <0.25 2.00+0.24 | 0.95+0.08 32.0+4.80 <0.03 25.8+2.32 105+6.28
HD-3 <0.15 8.50+0.85 7.75x1.40 <0.25 0.50+0.07 0.78+0.05 30.0+1.80 <0.03 24.0+1.20 81.6+4.08
HD-4 <0.15 4.25+0.72 7.75x1.24 <0.25 2.25+0.38 0.78+0.07 30.0+2.40 <0.03 41.5+3.32 188+20.7
HD-5 <0.15 3.25+0.39 8.25+0.83 <0.25 1.25+0.23 0.78+0.11 34.8+3.75 <0.03 26.5+2.39 86.6+x12.1
HD-6 <0.15 1.50+0.27 8.25+0.99 <0.25 1.50+0.17 0.20+0.01 20.0+1.70 <0.03 21.3+1.49 76.4+6.11
HD-7 <0.15 3.25+0.24 8.75+1.49 <0.25 <0.03 0.43+0.04 26.8+2.56 <0.03 23.0+4.14 | 77.2+6.95
HD-8 <0.15 2.00+0.29 8.50+1.11 <0.25 4.50+0.72 0.08+0.02 34.0+3.82 <0.03 25.3+4.04 331+46.4
HD-9 <0.15 9.50+0.57 8.25+1.07 <0.25 1.25+0.19 0.78+0.15 32.0+2.80 <0.03 27.5+2.48 243+26.8
HD-10 <0.15 <0.03 <0.10 <0.25 0.75+0.09 <0.03 <0.03 <0.03 <0.05 <0.10
HD-11 16.8+2.47 7.75+0.93 9.0+1.53 <0.25 2.75+0.36 1.33+0.17 155+24.8 <0.03 <0.05 <0.10
HD-12 <0.15 4.75+0.33 7.25x1.09 <0.25 0.75+0.04 0.75+0.11 62.5+4.38 0.50+0.07 18.8+2.44 286+25.7
HD-13 <0.15 2.25+0.18 8.00+0.48 <0.25 0.25+0.26 0.58+0.06 27.8+3.89 <0.03 26.0+3.38 157+25.1
HD-14 <0.15 2.50+0.20 7.25+0.58 <0.25 1.75+0.21 0.73+0.04 275+19.3 <0.03 20.8+1.87 133+15.9
HD-15 <0.15 4.00+0.68 7.25+0.65 <0.25 3.50+0.42 | 0.63+0.08 298+17.9 <0.03 26.3+3.64 | 77.6+3.88
HD-16 <0.15 20.5+2.46 | 8.25+0.73 <0.25 2.00+0.26 1.05+0.17 133+10.6 <0.03 29.3+3.22 99.2+6.94
HD-17 <0.15 4.25+0.55 8.50+0.94 <0.25 1.25+0.15 0.70+0.05 37.3+4.84 1.00+0.04 18.5+0.93 128+141

Tattoo inks
TT-1 <0.15 775+38.8 16.5+2.64 878+105 0.50+0.08 4.78+0.76 38.5+4.24 1.00+0.17 23.8+1.19 188+22.6
TT-2 <0.15 5.50+0.66 18.0+3.24 42.0+2.52 1.25+0.23 5.28+0.79 31.5+4.41 0.75+0.14 29.8+2.38 136+8.15
TT-3 <0.15 2.25+0.32 14.3+0.86 78.5x7.07 31.8+2.86 3.65+0.33 138+19.3 0.75+0.16 17.8+1.07 168+10.1
TT-4 <0.15 3.00+0.45 8.00+0.48 <0.25 1.50+0.08 0.60+0.03 70.0+10.5 0.50+0.08 30.8x2.77 69.8+5.58
TT-5 <0.15 57.8+6.93 9.50+1.24 <0.25 34.0+5.10 1.73+0.42 110+5.50 0.75+0.09 28.5+3.71 747112
TT-6 <0.15 2480+173 27.0+0.02 245147 1.75+0.16 8.40+0.40 85.0+5.95 2.25+0.12 37.3+1.86 454+59.1
TT-7 <0.15 1680+151 14.8+1.18 353+28.2 0.50+0.03 3.25+0.46 | 60.0+8.40 0.50+0.02 32.5+2.28 113+12.4

Results and Discussion

The concentrations of metals measured in
the selected types of hair dyes and tattoo
inks are displayed in Table 2. The concen-
tration of the metals varied significantly (p <
0.05) among the different types, although the
concentrations of chromium in the different
types of hair dyes were similar. The metallic
concentrations varied from manufacturer to
manufacturer and from one color to another,
even among like-colored pigments. As a gen-
eral trend, iron, manganese, and zinc were
the dominant metals in the hair dyes, while
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iron, manganese, zinc, copper, and aluminum
were the dominant metals in the tattoo inks.

The concentrations of cadmium in these
samples were below the limit of detection
except for HD-11 (16.8 pg/g), which is higher
than the 3.0 pg/g regulatory limit for cad-
mium in cosmetic products (Health Canada,
2012). Human exposures to cadmium from
the use of these products are very low except
in the case of HD-11.

Copper was detected in all samples ana-
lyzed except in HD-10. The concentrations of
copper in these products ranged from <0.03 to

20.5 and 2.25 to 2,480 pg/g for hair dyes and
tattoo inks, respectively. The tattoo inks had
higher concentrations of copper than the hair
dyes. In our study, HD-16 had a higher con-
centration of copper than the other hair dyes
analyzed, while TT-6 and TT-7 had signifi-
cantly higher copper levels than the other tat-
too inks. The higher concentrations of copper
were observed in the blue- and green-colored
tattoo inks. The high concentrations of copper
in TT-6 and TT-7 may be due to the use of blue
pigments from materials such as copper (II)
carbonate, calcium copper silicate, and copper




phthalocyanine. Copper phthalocyanine and
malachite are used to produce green pigments
(Forte et al., 2009). Forte and co-authors
(2009) reported similar high concentrations
of copper in blue- and green-colored tattoo
inks (8,329 and 5,887 pg/g, respectively). The
red-colored hair dye had a higher copper con-
centration than the other colors.

Chromium was found in all samples of the
hair dyes and tattoo inks except in HD-10.
The concentrations of chromium ranged from
<0.10 to 9.00 pg/g and 8.00 to 27.0 pg/g in
the hair dyes and tattoo inks, respectively. On
average tattoo inks had higher concentrations
of chromium than the hair dyes. The highest
chromium concentrations were observed in
the green-colored tattoo inks, which may be
due to the use of dichromate pigments in the
manufacture of these products. The concen-
trations of chromium found in this study were
lower than 0.315 to 147.0 pg/g reported for
tattoo inks in Italy (Forte et al., 2009).

Nickel concentrations ranging from <0.03
to 1.33 and 0.60 to 8.40 pg/g were found in
hair dyes and tattoo inks, respectively. The
tattoo inks had elevated levels of nickel when
compared with the hair dyes. TT-6 had a
higher nickel concentration than the other
tattoo inks. The concentrations of nickel
found in our samples were higher than those
reported in tattoo inks in Italy (Forte et al.,
2009), but were lower than nickel concentra-
tions of henna in the Palestinian market (Al-
Qutob, Alatrash, & Abol-Ola, 2013).

The concentrations of cobalt in the major-
ity of the hair dye samples were below the
limit of detection except in HD-12 and
HD-17. The cobalt concentrations in the tat-
too inks ranged between 0.50 and 2.25 pg/g.
The highest concentration of cobalt was
found in a blue tattoo ink, which is due to the
presence of cobalt aluminum oxides. Cobalt-
based tattoo inks are more toxic than copper-
based inks and are linked with urticarial,
granulomatous, and pseudolymphomatous
reactions (Bagnato et al., 1999; Bjornberg,
1961; Blumental, Okun, & Pontich, 1982;
Smith, Odom, & Maibech, 1975). Nickel,
chromium, and cobalt are metals of aller-
gological relevance and the levels of nickel,
chromium, and cobalt found in our samples
can be compared with published maximum
levels defined as allergologically safe for con-
sumers exposed to products containing these
metals. In this context, Basketter and co-

authors (2003) have shown that the presence
of the irritant or following repeated expo-
sures to cobalt, chromium, and nickel, indi-
viduals rarely react below 10 pg/g. For this
reason, Basketter and co-authors (2003) rec-
ommended that consumer products should
not contain more than 5 pg/gof cobalt, chro-
mium, or nickel as “good manufacturing
practice” while the “target” value to mini-
mize the risk of sensitization in particularly
sensitive subjects should be as low as 1 ng/g.

The results of our study indicated that
hair dyes and tattoo ink samples contained
chromium at concentrations above safe limits
while cobalt and nickel were within the safe
limit, except for nickel in TT-2 and TT-6. The
concentrations of nickel and cobalt found
in a henna tattoo mixture ranged from less
than 2.5 to 3.96 pg/g and 2.96 to 3.54 pg/g,
respectively, while lead and copper were less
than their respective detection limits (Kang
& Lee, 2006).

Aluminum was found to be less than 0.25
ng/g in all the samples of hair dyes examined,
whereas aluminum concentrations of 42 to
878 ng/g were found in five of the tattoo inks
examined. The highest aluminum concentra-
tion was observed in a yellow-colored tattoo
ink. Our samples contained lower concentra-
tions of aluminum than those reported in tat-
too ink in Italy (Forte et al., 2009). Al-Qutob
and co-authors (2003) reported an aluminum
concentration of 142.1 pg/g in henna in the
Palestinian market. Aluminum exposure,
apart from causing cholinotoxicity, can induce
changes in other neurotransmitter levels since
neurotransmitter levels are closely related (Al-
Ashban, Aslam, & Shan, 2004).

The concentrations of lead in the hair dyes
and tattoo inks ranged from <0.03 to 3.50 pg/g
and 0.50 to 34.0 pg/g, respectively. Tattoo ink
samples TT-3 and TT-5 (black colored) had
much higher concentrations of lead than other
samples investigated. The United States Food
and Drug Administration (FDA) maximum
limit for lead in color additives in cosmetics for
external use formulated following good manu-
facturing practice is 20 pg/g, while a 10 pg/g
limit for lead in cosmetics was specified by the
Canadian Health Authority (Health Canada,
2012). In our study, only TT-3 and TT-5 had
lead concentrations above the FDA and Cana-
dian Health specified limits for lead in cosmet-
ics. Apart from these two samples (TT-3 and
TT-5), all other samples analyzed had lead con-

centrations in the range reported by Forte and
co-authors (2009). Al-Qutob and co-authors
(2013) found lead concentrations of 5.35 pg/g
in henna from a Palestinian market.

Zinc concentrations of <0.03 to 298 pg/g
and 31.5 to 138 pg/g were detected in the hair
dyes and tattoo inks, respectively. Higher con-
centrations of zinc were observed in HD-11,
HD-14, HD-15, HD-16, TT-3, and TT-5 than
in other samples investigated. Zinc used in
anti-dandruff shampoos has been shown to
cause allergenic contact dermatitis (Salvador,
Pascual-Marti, Arago, Chisvert, & March,
2000) and high levels of exposure to zinc
can cause brittle hair and nails, neurological
abnormalities, and gastrointestinal disorders
and convulsions (Ayenimo, Yusuf, Adekunle,
& Makinde, 2010).

The concentrations of manganese in these
samples were in the range of <0.05 to 41.5
pg/gand 17.8 to 37.3 pg/g for hair dyes and
tattoo inks, respectively. Higher manganese
concentrations were found in blue-, green-,
and red-colored tattoo inks than in the other
colors. The concentrations of manganese
observed in our samples were higher than
levels reported for tattoo inks in Italy (Forte
et al., 2009). Skin diseases associated with
manganese seem to be quite rare. Manga-
nese has been reported as a possible cause of
swelling and itching, scaling, and cutaneous
granuloma in the purple region of a tattoo
(Nguyen & Allen, 1979; Schwartz, Mathias,
Miller, Rojas-Corona, & Lambert, 1987).

Iron was not detected in two samples of
the hair dyes (HD-10 and HD-11), while
iron concentrations of 76.1 to 331 pg/g were
detected in the other samples of hair dyes.
The highest concentration of iron was found
in a purple hair dye. Also, the coral brown
and wine red hair dyes had significantly
higher concentrations of iron than the other
colors investigated. Iron concentrations of
69.8 to 454 ng/g were detected in the samples
of tattoo inks. High concentrations of iron in
a blue tattoo ink may be due to the presence
of ferro-ferricyanide (Prussian blue). The
lemon yellow, bright red, and black tattoo
inks contained high amounts of iron. Iron in
ablack tattoo ink is associated with the use of
magnetite and wustite (iron oxides) as com-
ponents of the ink. The concentrations of
iron in our samples were higher than concen-
trations of iron found in tattoo inks in Italy
(Forte et al., 2009).
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Conclusion

The results of our study revealed that iron,
manganese, and zinc are the main compo-
nents of hair dyes while iron, manganese,
zine, copper, and aluminum are the main
components of tattoo inks. Our study indi-
cated that the tattoo ink samples contained
allergenic metals such as nickel, chromium,
and cobalt at concentrations above the sug-
gested limit of 1 pg/g for greater skin protec-

tion in most samples. The toxic metals (cad-
mium and lead) were below their respective
specified limits in cosmetic products in the
majority of these samples. The results of our
study demonstrate the need for the establish-
ment of regulatory guidelines for metals in
these kinds of cosmetic products. @
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» INTERNATIONAL PERSPECTIVES

Knowledge and Food Handling
Practices of Nurses in a Tertiary
Health Care Hospital in Nigeria

A b St ra Ct Food safety in hospitals is important to protect
patients whose immunity may be compromised by their illness. The safety
of food served to patients is dependent on its handling acquisition of
raw food items, to preparation, packaging, and distribution. The study
described in this article assessed the knowledge and food handling practices
of nurses in the food chain to patients in the hospital wards. The mean
age of respondents was 33.7+9.3 years and 180 (56.6%) had worked in
the hospital for 1-5 years. While respondents had good knowledge scores
overall, only 22 (6.5%) knew the correct temperature for maintaining hot,
ready-to-eat food. Also, 332 (97.6%) respondents knew the importance of
hand washing before handling food while 279 (84.1%) always wash hands
before handling food. The study revealed a decline in performance over
time, from knowledge and attitudes to practice in food handling. Therefore,

regular training on safe food handling procedures should be mainstreamed

into the training curriculum of staff nurses in health care institutions.

Introduction

In our study, a food handler referred to any
person who handles food (raw, processed, or
packaged), regardless of whether s/he pre-
pares or serves it (Isara & Isah, 2009). Food
hygiene involves all sanitary measures taken
to ensure food safety in the food chain or the
systematic control of environmental condi-
tions during food supply services devoid
of contamination by extraneous pathogens
and chemicals (Aibor & Oloruntoba, 2006).
Food safety is the assurance that food will not
harm the consumer when prepared or eaten
according to its intended purpose.
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In hospitals, a balanced diet is essential for
patient recovery, so served food must be safe,
nutritious, devoid of pathogens, and served at
appropriate times. In many hospitals, meals
are cooked and wheeled to the wards (Lund
& O’Brien, 2009). Therefore, food handling
staff needs to observe hygienic practices at
all times. Failure at any point along the food
chain can expose patients to the potential for
foodborne illnesses (Buccheri et al., 2007).

Foodborne illnesses have been documented
globally; the World Health Organization
(WHO) has recognized food safety as an essen-
tial public health function and it has devel-
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oped a global framework to reduce its disease
burden (Health and Social Care, 2013). Il
nesses from contaminated food contribute to
declining socioeconomic productivity (World
Health Organization [WHO], 2002). Several
studies estimated that about one-third of
the population in developed countries expe-
riences foodborne illnesses. In developed
countries, the epidemiology and outcome of
foodborne illnesses are documented, while
in Nigeria, an ineffective surveillance system,
self-medication, pharmacy consultations and
prescriptions, and the use of local medicinal
herbs mask the endemicity and absolute eco-
nomic burden of foodborne illnesses (Mal-
hotra, Lal, Prakash, Daga, & Kishore, 2008;
Ogundipe, Odunjo, Komolafe, & Olatunji,
2013; WHO, 2007).

Foodborne infection is endemic in Nigeria
and its direct cost is estimated at $3 billion,
approximating 17%-25% of the estimated cost
of all illnesses. The 1997 local government
health system profile in Nigeria revealed food-
borne illnesses as the leading cause of death,
accounting for 25% mortality for that year. In
2007, the Federal Ministry of Health reported
90,000 cases of foodborne illness, while WHO
has estimated 200,000 deaths from food-
borne pathogens in Nigeria (Ebenso, Ekwere,
Akpan, & Okon, 2012; Food and Agriculture
Organization & WHO, 2002; WHO, 2009).

In Nigeria, the National Policy on Food
Safety was approved by the National Council of
Health in 1999. The policy provides guidelines
on the minimum standards in food safety prac-
tice to ensure safety of food and products meant
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for human consumption (Omojokun, 2013).
The policy is currently under review, however,
aimed at streamlining the roles and responsi-
bilities of stakeholders to avoid overlap.

Food hygiene is important in hospitals as
patients are a high-risk population for food-
borne illness. To prevent contamination of
food supplies, various stakeholders must con-
tribute towards best practices (Shih & Wang,
2011). Our study evaluated the knowledge,
attitudes, and prevailing practices of nurses
routinely involved in food service functions
in wards in a teaching hospital in Nigeria.

Materials and Methods

Description of the Study Location

Our study was conducted in the state of Osun
in southwestern Nigeria (Figure 1). Osun State
occupies about 9,250 km? and has over 200
towns. The climate is tropical: humid, high
temperatures, and marked wet and dry sea-
sons. Osun State has a population of 3,416,959
people comprised of 1,734,149 (50.8%) males
and 1,682,810 (49.2%) females (National

Population Commission, 2009). Primary and
secondary health care facilities in the study
area do not serve food to inpatients. Hence,
the target group in this study was nursing
staff, assigned to wards in a tertiary hospital
in Osun State.

Study Design

This study utilized a descriptive cross-sec-
tional design. The sampling frame comprised
all nurses in the services of the teaching hos-
pital while those in the randomly selected
wards were the study population.

Sample Size Determination

The sample size was determined using Fish-
er’s formula for estimating single proportions
(Naing, Winn, & Rusli, 2006) with a stan-
dard normal deviation at a 95% confidence
level and 50% proportion assumed since true
proportion could not be established. The
allowable margin of error was 5%, giving a
minimum sample size of 384. The sample
size was increased to 420 for attrition and to
ensure robust analysis.

Sampling Technique

The approximate number of respondents in
each ward was obtained through a propor-
tional sampling method with simple random
sampling used to identify respondents in the
26 wards that participated in the study.

Inclusion and Exclusion Criteria

This study was limited to 26 out of the 28
wards at the hospital because of the diffi-
culty in assessing and engaging those in the
surgical ward and the intensive care unit of
the hospital. In addition, administrative staff
nurses were excluded from the study.

Data Collection and Analysis

Our study was conducted between January
and March 2013. We utilized a semistruc-
tured questionnaire that was adapted from
Buccheri and co-authors (2007). The study
instrument had sections on sociodemo-
graphic information, knowledge, attitudes,
and practices on food safety hygiene among
nurses at the hospital. The study instru-
ment was self-administered on 420 ran-
domly selected respondents in 26 wards and
retrieved within one week. Out of the ques-
tionnaires distributed, 340 were retrieved,
which was an 81% response rate.

The data were coded, entered, and analyzed
using SPSS v. 16.0. The mean, frequency, and
percentages were calculated, while bivariate
analysis and tests of association showed the
relationship among key variables. In addi-
tion, the median (interquartile range) for
attained score = 30 (27-32). So a score below
30 was considered poor and a score greater
than or equal to 30 was good in the deter-
mination of a composite score for knowledge
variables (Sudeshna & Aparajita, 2012). Sim-
ilarly, scores of 20 (18-21) and 8 (6-10) were
used to stratify attitude and practice scores
into good and poor categories, respectively.

Informed Consent

Because the study did not influence patients’
management and the issue investigated is a
matter of public record, ethical approval for the
study was not required (Buccheri et al., 1997).
The procedure was approved by the nursing
administrative office at the hospital. Participa-
tion in the study was voluntary, and respon-
dents gave verbal consent. The respondents
were assured of the confidentiality and personal
identifiers were removed in the summary data.
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Theory

The knowledge and attitude of nurses are
determinants of their handling practices of
food served from wheeled carts to patients in
wards of the hospital. Therefore, an under-
standing of basic and current information on
recent advances in food handling is germane
to patients’ safety.

Results

Sociodemographic Information

of Respondents

The mean age of respondents was 33.7£9.3
years, while most respondents (69.6%) were
within 20-40 years. The majority of the
respondents were females (74.7%), mar-
ried (62.2%), and were of Yoruba ethnicity
(87.2%). The respondents’ mean length of
service in the hospital was 8.2+7.5 years,
though about 50.2% (177) had worked in
the hospital 1-5 years. All respondents were
registered nurses and had a variety of nurs-
ing qualifications, ranging from diploma
certificate (180, 56.6%), bachelor of science
(125, 39.3%), to master of science (13, 4.1%)
(Table 1).

Knowledge of Respondents on Food
Safety and Hygiene
The respondents’ mean knowledge score was
29.4+4 .4, with 8 and 36 as the minimum and
maximum scores out of the 37 maximum
obtainable score. Sixty-five percent (221) of
respondents had good knowledge while 35%
(119) had poor knowledge. Seventy percent
(239) of respondents had good knowledge
on the dangers inherent in food prepara-
tion well in advance of consumption for the
risk of food contamination while only 43.7%
(146) had knowledge that reheating food
at inappropriate conditions prior to eating
could result in food contamination. Almost
97% of respondents understood the impor-
tance of hand washing before handling food
while 98% of respondents understood the
importance of hand washing after using the
toilet. About half of the respondents (51.3%)
understood that the use of gloves can reduce
the risk of food contamination. Only 40.1%
respondents were aware of the hospital’s
standard operating procedure (SOP) for food
handling (Table 2).

Overall, only 27.1% (92) respondents were
able to demonstrate proper knowledge of
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KBI_E 1
Sociodemographic Information of Respondents (N = 340)
Age, years (n = 339)
20-30 121 35.7
31-40 115 33.9
41-50 72 21.2
51+ 31 9.1
Gender (N = 340)
Male 86 25.3
Female 254 74.7
Religion (n = 338)
Islam 59 17.5
Christianity 279 82.5
Ethnicity (n = 335)
Yoruba 292 87.2
Igho 43 12.8
Marital status (n = 336)
Single 119 354
Married 209 62.2
Divorced 3 0.9
Widowed 5 15
Length of service in hospital, years (n = 331)
1-5 166 50.2
6-10 73 22.1
11-15 28 8.5
16-20 30 9.1
21+ 34 10.3
Length of service in the current ward, months (n = 313)
0-4 96 30.7
5-9 47 15.0
10-14 54 17.3
15+ 116 37.1
Highest educational/professional qualification (n = 318)
Nursing diploma certificate 180 56.6
Bachelor of science 125 39.3
Master of science 13 4.1

temperature controls for food storage. Spe-
cifically, only 19.4% (66) could demonstrate
knowledge of proper temperature controls
for cold, ready-to-eat food and only 6.5%
(22) for hot, ready-to-eat food. Respondents
had a good understanding of foodborne
pathogens and diseases, with a mean score
of 86.9£0.9%. Almost all of the respondents
understood that salmonellosis and cholera
could be transmitted through food (96.9%
and 98.5%, respectively), while 87.4% knew
that hepatitis B is not a foodborne pathogen
(Table 3).

Attitude of Respondents on Food
Safety and Hygiene

Generally, the composite attitude score
revealed that 57.1% (194) of respondents had
a good attitude while 42.9% (146) had a poor
attitude towards food safety and hygiene.
Almost 86% (288) of respondents believed
that raw and cooked foods should be sepa-
rated while only 46.5% (155) understood
that defrosted foods should not be refrozen.
Most respondents (80.4%, 270) believed
the use of food handling personal protective
equipment (PPE) would reduce the risk of



TABLE 2

| TABLE 3

food handling duties (until fully recovered)
to avoid foodborne illness outbreaks in hos-

pitals (Table 4).
Knowledge of Nurses on Food Safety and Hygiene (N = 340)
Current Practices of Respondents on

EEL Correct Incorrect Don’t Food Handling, Safety, and Hygiene

Response | Response Know Table 5 presents the practices of food safety

# (%) # (%) # (%) hygiene while Table 6 shows the test of
Preparation of food in advance could contribute to food 239 (70.3) 76 (22.4) 25 (7.4) association among key study variables. The
poisoning (17 = 340) composite practice score revealed that 54.4%
Reheating of food could contribute to food contamination 146 (43.7) 154 (46.1) 34(10.2) (185) of respondents engaged in good food
(n=2334) handling practices while 45.6% (155) dem-
Incorrect application of cleaning/sanitizing procedures 227 (82.2) 24 (7.1) 36 (10.7) onstrated poor food handling practices in
on equipment (refrigerator, slicing machine) can increase the hospital. The results revealed that 83.7%
the risk of foodborne disease to inpatients (n = 287) « » ]
Hand washing before handling food duce the risk 296 96.7 10a0 03 (278) of respondents “always” wash their
Hand wastingbefor hanling oo can efuce te i ©7) | 1080 | 103 | o before handling food while only 6.0%
Wearing hand gloves while handling food reduces the 173 (51.3) 143 (42.4) 21(6.2) (20) ) occasionally” do 5.0. before handling
risk of transmitting foodborne infection to patients’ food food in the wards. Surprisingly, 6 out of 10
(n=337) respondents had “never” worn PPE before
Awareness about standard operating procedure for food 133 (40.1) 155 (46.7) 44 (13.3) handling food while only 7.4% (25) wear PPE
safety and hygiene in this hospital (n = 332) “always” prior to food handling. Seventy-
feodple V_Vi?szkin infections/diseases can contaminate 300 (89.6) 27 (8.1) 8(2.4) one percent (237) of respondents “rarely”
90 (n._. ) — : confirmed the integrity of food in hospital
Nose picking habit is dangerous and can contaminate 326 (96.7) 9(2.7) 2(0.6) food bef. Kagi d .
food (n = 337) ood carts before packaging and serving to
1 0,
Mouth, nose, and hair should be covered before handling | 274 (81.5) | 49 (14.6) 13(3.9) patients. Only 41.7% (138) of respondents
food (1 = 336) “always” checked and certified food from
Hands should be washed after defecation and urination | 332 (97.9) 5(1.5) 2(0.6) sources external to the hospital as safe before
(n=339) consumption by patients.
Licking fingers could contaminate food during handling 279 (82.1) 7 (4.4) 46 (13.6) Our study showed that 87.7% (291) of
(n=332) respondents gained knowledge on food
Talkliélg totpati_enis gltnd coléesa59ues while serving food 315 (94) 16 (4.9) 4(1.2) handing and safety during professional train-
coud con amlnael (n=335) , ing while only 30.9% (102) had attended
Foodborne diseases could be transmitted through 329 (97.9) 4(1.2) 3(0.9 . .
contaminated fruts (7 = 336) short-term postservice training on food safety
1 [©)

Proper washing of fruits could reduce transmission of 323 (97.3) 7(2.1) 2(0.6) hyglene. Most respondents (63.9%) w'ere
foodborne illnesses (1 = 332) ignorant about the SOP for food handling

even though the hospital wards’ monitor-
ing committee visits at random and inspects
foods as part of their mandate.

The results revealed a significant asso-

Knowledge of Respondents on Pathogens and Foodborne Infections ciation between knowledge and (1) religion

- (p = .008), (2) attitude (p = .009), and (3)

(N = 340)

awareness about the SOP for food safety and

Disease/Pathogen Correct Incorrect hygiene in wards (p = .003). In addition, a

Y = significant association occurred between

— (%) (%) knowledge and (1) temperature controls for

Hepatitis A (n = 324) 216 (66.6) 108 (33.3) hot, ready-to-eat foods (p = .010), (2) avoid-

Hepatitis B (.n= 326) 285 (87.4) 41(12.6) ing food contamination through saliva con-

Saimonellosis (n = 324) 314 (96.9) 1031) tamination when serving food (p = .0001),

Chole?ra (n=339) 334 (98.5) 5(1.9 and (3) using PPE (apron, nose and mouth

Botulism (n = 327) 288 (88.1) 89(11.9) masks, and hand gloves) (p = .002) (Table 6).
Gastroenteritis (7 = 338) 335 (99.1) 3(0.9)

Discussion

This study measured the knowledge, atti-
tudes, and practices of nurses regarding safe
food handling. In the hospital, wheeler-bins

respondents believed that staff with commu-
nicable/infectious health conditions (diar-
rhea/catarrh/cough) should be excluded from

food contamination and that hand washing
after toilet use is important to food safety
and hygiene. Eighty-nine percent (308) of
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TABLE 4

Attitudes of Respondents on Food Safety and Hygiene

(carts) are used to transport food from the
hospital kitchen to wards, where the nursing
officer in charge will package and distribute
to patients.

Almost 70% of 340 respondents were mid-
dle-aged adults (20-40 years) with varying

i Description of Variables Agree Disagree Uncertain

years of service in the hospital. As in other ” . o
studies, most respondents were females, mar- # (%) L) L)
ried, and had been employed by the hospital Raw foods should be separated from cooked foods (n = 336) 288 (85.7) 6(1.8) 42 (12.5)
for ;t least six months. All of them had pro- Defrosted food should not be refrozen (n = 333) 155 (46.5) 100 (29.4) 82 (24.1)
fessional nursing qualiﬁcations and therefore It is necessary to check the refrigerator/freezer operating 250 (73.5) 32(9.4) 52 (15.3)
had ived safe food handli . conditions periodically to reduce the risk of food spoilage

a recelv.e sale 90 an 1n'g training as. (n=334)
part of their professional education (Buccheri The risk of food contamination wil reduce if we wear 270 (80.4) | 49 (14.6) 17 6.1)
et al., 2007; Oteri & Ekanem, 1989). personal protective equipment before handling food

The respondents had good composite (n=336)
knowledge scores (29.4+4.4) and were aware Improper storage of foods may cause health hazard to 325 (95.6) 6(1.8) 5(1.5)
of safe handling of food and food preparation, consumers (n = 336)
hand washing at critical times, abstinence Hand washing at critical times contributes to food safety 297 (87.4) 25(7.4) 13(3.8)
. . ) and hygiene (n = 335)

fron; fooq handling services When recover- Nurses with respiratory/diarrhea diseases should be 308 (89.4) 20 (7.0) 9(2.7)
ing from illnesses, and absolute silence when excluded from food handling until full recovery (n = 337)

packaging food for patients. Although a large
percentage (95.6%) of respondents knew that
improper storage of foods is a health hazard
to patients, only 37.6% knew the correct tem-
perature (1°C-5°C) of food refrigeration. The
observed pattern was different compared to
the study of Buccheri and co-authors (2007),
where 67.1% respondents knew the correct
refrigeration temperature.

Respondents had poor knowledge regard-
ing food storage and holding temperature
controls. This finding was consistent with the
studies of Buccheri and co-authors (2007),
Lund and O’Brien (2009), and Abdalla and
co-authors (2009), in which respondents
also demonstrated a poor understanding of
correct temperatures to maintain food under
different conditions. According to Richards
and co-authors (1993), the information on
appropriate temperature for food storage at
various conditions has been extensively doc-
umented and is the lever for the implemen-
tation of hazard analysis and critical control
points (HACCP) and in the Nigerian food
safety and hygiene policy (Omojokun, 2013).

Respondents had excellent knowledge and
high scores (86.9+0.9%) on foodborne ill-
nesses, in contrast to findings by Buccheri and
co-authors (2007), except that 41(12.6%)
nurses incorrectly classified hepatitis B as a
foodborne illness. This demonstrates that
respondents in this study are knowledgeable
about food safety/hygiene and would refrain
from endangering patients through cross
contamination (WHO, 2009).
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| TABLE 5

Practice of Respondents on Food Safety and Hygiene (N = 340)

Description of Variables ‘ Always ‘ Frequently ‘ Rarely ‘ Never
# (%) # (%) # (%) # (%)

Hand washing before food handling (n=332) | 278 (83.7) 34 (10.3) 19(5.7) 1(0.3)

Wear personal protective equipment before 25(7.4) 23(6.8) 85(25.3) 203 (60.4)

handling food (n = 336)

Check and certify external food items before | 138 (41.7) 71 (21.5) 94 (28.4) 28 (8.5)

consumption by patients (7 = 331)

Check integrity of hospital wheeler-bin foods 0(0) 74 (22.1) 237 (71.3) 22 (6.6)

before packaging to patients (7 = 333)

The composite score on attitude indicated
that most respondents (57.1%) had positive
attitudes towards food handling and safety.
This could be a result of health education
interventions in which participants had been
exposed to food sanitation and hygiene-
related issues. In addition, the attitude of
respondents was good regarding the separa-
tion of raw and cooked foods and monitoring
the refrigeration and frozen temperatures to
prevent food spoilage. Generally, PPE shields
food handlers from contaminating food,
though the study showed that most respon-
dents do not wear PPE prior to handling food
and were observed talking freely during food
packaging and distribution in wards with the
assertion that PPE was not provided by the
hospital for food handling services.

Respondents also thought that improper
storage conditions for food creates a high-
risk situation for patients. In addition, the
respondents understood the importance of
hand washing after using the toilet.

Overall, however, only 54.4% (185) respon-
dents practice good food handling behavior,
which would indicate that hands-on educa-
tional intervention is required and should be
initiated and mainstreamed into the in-service
training curriculum of nurses in Nigeria.

Most nurses (70.3%) knew that prepara-
tion of food well in advance is a risk to food
contamination, in agreement with findings of
Buccheri and co-authors (2007) and always
washed their hands before handling food.
Hand sanitization prior to handling food in
hospitals is important because nurses have
contact with patients, body fluids, and fomi-



TABLE 6

Knowledge

Poor, # (%)

Good, # (%)

Test of Association of Sociodemographic Information With Food
Safety and Hygiene Variables

Religion Islam 12(20.3) 47 (79.7) 59 %% =6.927,
Christianity 107 (38.4) 172 (61.6) 279 ar =01):8
Total 119(35.2) 219 (64.8) 338 p=
Raw and cooked Yes 107 (37.2) 181 (62.8) 288 ¥2=12.773,
L " N T N T
Uncertain 5(11.9) 37 (88.1) 42
Total 115 (34.2) 221 (65.8) 336
Defrosted food Yes 55 (36.4) 96 (63.6) 151 ¥* = 22.317,
should not be No 46 (46) 54 (54) 100 pif P
Uncertain 12 (14.6) 70 (85.4) 82
Total 113(33.9) 220 (66.1) 333
Perspnal protgctive Yes 81 (30) 189 (70) 270 ¥2=12.277,
Fotuces sk o No 2 | 2w | e | T8
food contamination Uncertain 8(47.1) 9(52.9) 17
Total 116 (34.5) 220 (65.5) 336
Keeping mute Yes 101 (32) 215 (68) 316 x? =16.267,
iyl SRR Y T O T O
patients Uncertain 5(71.4) 2(28.6) 7
Total 117 (34.7) 220 (65.3) 337
Awareness about Yes 45 (33.9) 88 (66.2) 133 % =11.680,
i W wen | nwn | T
hygiene and safety | Don't know 23 (52.3) 21 (47.7) 44
Total 150 (45.2) 182 (54.8) 332
Maintenance 21-30 18 (26.9) 49 (73.1) 67 %2 =13.167,
m‘ Prggyft% fg;t 31-40 39 (52) 36 (48) 75 pdi _.01’0
food, °C 41-50 15 (37.5) 25 (62.5) 40
51-60 13 (59.1) 9.(40.9) 22
61-70 17 (48.6) 18 (51.4) 35
Total 102 (42.7) 137 (57.3) 239
Attitude of Poor attitude 63 (43.2) 83 (56.9) 146 ? = 6.857,
respondents Good attitude | 56 (28.9) 138 (71.1) 194 ar =01)’9
Total 119 (35) 221 (65) 340 p=
Age, years 20-30 38 (31.4) 83 (68.6) 121 x?=11.996,
31-40 56 (48.7) 59 (51.3) 115 pdf =0%7
41-50 39 (54.2) 33 (45.9) 72
>50 13 (41.9) 18 (58.1) 31
Total 146 (43.1) 193 (56.9) 339
Length of service 0-4 38 (39.6) 58 (60.4) 96 %% =9.790,
;ggnﬁyh?mﬁ:m 5-9 12 (25.5) 35 (74.5) 47 ;’f: _,gé
10-14 25 (46.9) 29 (53.7) 54
>15 59 (50.9) 57 (49.1) 116
Total 134 (42.8) 179 (57.2) 313

tes in their immediate vicinity and could
have handled invasive devices for patient
care (Pittet, Allegranzi, & Boyce, 2009),
which could easily contaminate the bulk food
wheeled to their wards. In addition, hands
are the most important vehicle for the trans-
fer of pathogens from many sources to food
and therefore, hand washing is important in
the prevention of hospital-based foodborne
diseases (WHO, 1989, 2009). As contained in
the SOP, nurses should certify food wheeled
to the wards from the kitchen and those pri-
vately procured from outside the hospital for
patients. Most nurses (71.3%) did this occa-
sionally instead of always, since the hospital
is responsible for the food consumed during
patients’ admission.

Conclusion

Preventing foodborne illness through the
consistent practice of food safety and hygiene
is essential to public health. The gap between
good and poor knowledge, attitudes, and
practice is not as wide as revealed in previous
studies. Interestingly, although respondents
had high knowledge scores, their food safety
hygiene practices did not always reflect this
knowledge. Therefore, a need exists to estab-
lish and operationalize an HACCP process in
the hospital’s food safety management prac-
tices in order to identify principal hazards
and control points. Nurses should be trained
in the HACCP process specific to their
assignments and periodic in-service refresher
training should be mainstreamed into their
training curriculum (Baird, Henry, Liddell,
Mitchell, & Sneddon, 2001; Lund & O’Brien,
2009; Shih & Wang, 2011). This is necessary
since the turnover of nurses in the wards of
the hospital is rapid, with 30.7% respondents
having spent less than five months in the cur-
rent ward. %
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» INTERNATIONAL PERSPECTIVES

Assessment of the Physicochemical
Quality of Drinking Water Resources
in the Central Part of Iran

A b S t rac t The aim of the study described in this article was to
assess the physicochemical quality of water resources in Isfahan province,
located in the central part of Iran, from June to November 2012. Comparison
of the results with the acceptable limits recommended by the World Health
Organization (WHO) for drinking water showed that nitrate, chloride,
iron, and fluoride concentrations exceeded the maximum acceptable level
in 12.3%, 9.2%, 6.8%, and 1.5% of samples, respectively. Total dissolved
solids (TDS) and turbidity values also exceeded the maximum acceptable
level in 9.2% and 3.1% of samples, respectively. In general, the quality of
drinking water resources in the central part of Iran at present is mostly
acceptable and satisfactory. It may be deteriorated in the future, however,
because water quantity and quality in arid and semiarid areas are highly

variable over time. Therefore, continued monitoring of the water resources

quality is extremely important to environmental safety.

Introduction

The basic and essential requirement in water
works is to provide the public with an ade-
quate supply of safe drinking water (World
Health Organization [WHO], 2011). Preserv-
ing the safe quality of water is vital to sustain
life, protect human health, and contribute to
social development (Vrba & Lippon, 2007).
As the 20th century progressed, the identi-
fication of chemical water pollution became
more important due to the outbreaks associ-
ated with chemical spills or leaks into potable
water. In the mid 1970s, an event occurred
that led to concern about chemicals in water
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because of chloroform in finished water
treated with chlorine (Calderon, 2000). The
Centers for Disease Control and Prevention
(CDC) reported 34 waterborne disease out-
breaks from 1993 through 2006 in the U.S.
related to chemical constituents including
nitrate and nitrite, fluoride, and lead (Post,
Atherholt, & Cohn, 2011).

Health risk concerns related to chemical
contamination of drinking water differ from
those related to microbial contamination and
arise mainly from the ability of chemical con-
stituents to cause adverse health effects after
an extended time of exposure (WHO, 2011).
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Changes in water quality occur progres-
sively except for those substances that are
discharged or leach intermittently to flowing
surface waters or groundwater supplies from
contaminated landfill sites (WHO, 2011).
The problem of chemical contamination
in drinking water bodies may cause several
health problems. Tooth discoloration and
skeletal fluorosis are caused by excessive flu-
oride intake from drinking water (Mahesh-
wari, 2006; WHO, 2011). A high content of
nitrate and nitrite leads to methemoglobin-
emia in infants less than six months of age
and also possible formation of nitroso-com-
pounds that are known to be carcinogens in
the digestive system (Manassaram, Backer, &
Moll, 2007).

Iron and chloride are also of widespread
significance because of their effects on water
taste and acceptability (American Public
Health Association [APHA], 2012; WHO,
2011). Iron concentration in drinking water
above the acceptable limit can be objection-
able because it stains laundry and may affect
taste (WHO, 2011). Turbidity is a principal
physical characteristic of water quality that
could provide absorption sites for toxic sub-
stances and microorganisms in the water and
subsequently protect pathogenic and indica-
tor microorganisms from disinfectants (Edz-
wald, 2011). Total dissolved solids (TDS) is
the term used to describe the inorganic salts
and small amounts of organic matter present
in a given amount of water (APHA, 2012).
Reliable data on possible health effects asso-



ciated with the ingestion of TDS in drinking
water are not available (WHO, 2011). The
WHO guideline value of 1,000 mg/L for TDS
is based on the taste and acceptability rather
than health effects. Acceptability may vary
according to circumstances. Furthermore,
water with extremely low concentrations of
TDS may also be unacceptable to consumers
because of its flat, insipid taste (WHO, 2011).

Many studies show groundwater pollution
from chemicals is a growing problem world-
wide that is caused by numerous types of
human activities (Babiker, Mohamed, Terao,
Kato, & Ohta, 2004; Celik, Unsal, Tufenkci,
& Bolat, 2008; Fang & Ding, 2010; Hudak,
2012; Kumar, Kumari, Ramanathan, & Sax-
ena, 2007; Lee, Min, Woo, Kim, & Ahn,
2003; Loni & Raut, 2012; Nas & Berkaty,
2006; Subramani, Elango, & Damodarasamy,
2005). The water quality is highly affected by
residential, municipal, commercial, indus-
trial, and agricultural activities (U.S. Environ-
mental Protection Agency, 1993). Deteriora-
tion of groundwater quality especially in arid
and semiarid areas is a major concern that
has been intensified by population growth
and increases in demand for food supplies.
Decreasing rainfall combined with increased
evaporation from increased temperature as a
result of climate change will affect ground-
water levels in these regions (Wilby et al.,
2006). The lack of adequate water resources
and access to safe drinking water in arid and
semiarid regions cause serious health haz-
ards and expose many people to health risks
(Schmoll, 2006). Thus, providing safe drink-
ing water through proper management and
monitoring of water resources is vital for the
protection of public health and environmen-
tal safety.

Iran is an arid/semiarid country with an
average precipitation of 251 mm/year (Assa-
dollahi, 2009). The entire renewable water
resource in Iran totals 130 billion cubic
meters, out of which 92% is used for agri-
culture, 6% is used for domestic use services,
and 2% is used for industrial uses (Assadol-
lahi, 2009). For this reason, our study was
designed 1) to assess the quality of water
resources in the central part of Iran, which
uses water after chlorination and without any
additional treatment for drinking; and 2) to
evaluate the impact of decreasing rainfall on
the quality of some water resources in two
successive years.

Methods

A total of 65 raw water samples were col-
lected in clean polyethylene bottles between
June and November 2012 from different
drinking water resources including wells,
springs, and aqueducts in Isfahan province.
Isfahan province is located in the center of
Iran; it has a moderate and dry climate with
an average annual temperature of 16.7°C
and an average annual rainfall of 116.9 mm
(Assadollahi, 2009). The sampling, preserva-
tion, and analysis of water was carried out as
recommended by the American Public Health
Association (2012).

The turbidity and electrical conductiv-
ity (EC) were determined and EC measure-
ments were converted to TDS values by
multiplying EC by a factor of 0.55 as recom-
mended for water resources (APHA, 2012).
The concentrations of nitrate, nitrite, and
fluoride were assayed by DR5000 according
to manufacturers’ instructions and chloride
concentration was determined by the Mohr
method. Iron analysis of water samples was
carried out using a flame atomic absorption
spectrophotometer.

In order to evaluate the effect of decreas-
ing rainfall and increasing temperature on
resource water quality, 12 water resources
were randomly selected and the concentra-
tion values of three important parameters
including nitrate, chloride, and TDS in 2013
were compared with the data in 2012. Meteo-
rological parameters were also obtained from
the weather bureau.

Statistical analyses of data were performed
using SPSS with a confidence limit of p < .05.
A normality test was performed for distribu-
tion of chemical value to decide if parametric
or nonparametric test procedures must be
employed. In addition, to compare mean val-
ues of physicochemical parameters, Fisher’s
least significant difference procedure was
used to determine the significant differences
between group means in an analysis of vari-
ance setting.

Results

In our study the quality of 65 water resources
in the central part of Iran that used water
after chlorination and without any addi-
tional treatment for drinking was assessed.
The results showed that the quality of exam-
ined water resources was mostly acceptable
with respect to the standard guideline val-

ues recommended by WHO (Tables 1 and
2). In some samples, however, the measured
parameters exceeded the acceptable level.
According to the analysis of water samples,
the TDS values showed a high degree of vari-
ability, ranging from 2.12 to 1,754.5, with an
average 452 mg/L (Table 1). TDS content of
about 91% of samples, however, was below
the permissible limit set by WHO for drink-
ing water (Table 2). In addition, water with a
TDS level of less than 600 mg/L is more pleas-
ant (WHO, 2011). We observed that TDS lev-
els were as follows: about 69.4% of samples
had excellent TDS (<600 mg/L), 21.5% were
good (<1,000 mg/L), and 9.2% of samples
had higher than 1,000 mg/L. Although the
WHO guideline value for TDS is based on
the taste and acceptability rather than health
effects, the taste is a basic criterion for con-
sumers to decide on the suitability of a water
source for drinking.

Iron and chloride could also raise com-
plaints from consumers due to their effect on
taste and color. Chloride concentration varied
from 8 to 400 mg/L and 9.2% of samples had
a concentration beyond the acceptable limit
set by WHO for drinking water (Tables 1 and
2). This study showed a significant difference
in the levels of chloride in spring samples
compared to well and aqueduct samples.

Iron concentration of samples ranged from
0.01 to 1.23 mg/L and 6.8% of samples had a
concentration more than 0.3 mg/L.

Comparison of the analytical results with
the acceptable limit of measured parameters
showed that the highest percentage (12.3%)
of water resources contamination was related
to nitrate pollution (Table 2). While water
resources were highly polluted by nitrate,
nitrite concentration in all samples was
within the permissible limit and with a mean
value of 0.006 mg/L, ranging from 0.001 to
0.045 mg/L. In addition, the highest con-
centration of nitrate (15.4 mg/L as N) was
found in the well water sample (Table 2),
and a significant difference occurred between
the nitrate concentration in well water and
spring samples.

Observed fluoride concentrations revealed
that 1.5% of samples exceeded the acceptable
limit (Table 2). Only 52.3% of samples had fluo-
ride levels in accordance with the WHO guide-
line (0.5 to 1.5 mg/L), which is recommended
for children during the time of developing
permanent teeth. Also, 46.2% of samples had
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fluoride levels lower than the recommended
level (<0.5 mg/L). The highest concentration of
fluoride was detected in the well water samples,
and spring waters generally had 0.5 mg/L of
fluoride or lower in 90% of samples.

Turbidity does not have a health-based
guideline, but to ensure effectiveness of dis-
infection it should be no more than 1 neph-
elometric turbidity unit (NTU) and prefer-
ably much lower (WHO, 2011). In addition,
under the Long-Term 1 Enhanced Surface
Water Treatment Rule, drinking water cannot
exceed 1 NTU and must be under 0.3 NTU in
95% of each month’s tests (Edzwald, 2011).
Although only 3.1% of samples had turbid-
ity levels beyond the acceptable limit set by
WHO for drinking water (>5 NTU), turbid-
ity levels in 23.1% of samples were also less
than perfect (Table 3). Furthermore, turbid-
ity below 0.1 and 0.3 NTU according to the
WHO and Ireland’s Environmental Protec-
tion Agency guidelines, respectively, could
ensure water safety based on the removing of
chlorine-resistant pathogens such as Giardia
and Cryptosporidium (Environmental Protec-
tion Agency [Ireland], 2009; WHO, 2011).

In order to identify the possible association
between the measured parameters, a correla-
tion analysis was performed and the results are
presented in Table 4. According to the correla-
tion analysis, a high positive correlation was
found between TDS, chlorine, fluoride, and
nitrogen dioxide (Table 4). As EC and TDS
are mainly contributed from salts of sodium,
potassium, sulfate, chlorine, and other miner-
als (Babiker et al., 2004), this correlation was
expected. This result is consistent with other
studies that reported the increase or decrease
of TDS and turbidity values were related to the
increase or decrease in the values of inorganic
salts and small amounts of organic matters
in water (Gupta, Sarkar, & Bhardwaj, 2012;
Kanade & Gaikwad, 2011). Also in associa-
tion with iron levels, we noticed a positive
correlation between iron and turbidity levels.
Turbidity in some groundwater resources is a
consequence of inert clay or chalk particles or
the precipitation of nonsoluble reduced iron
and other oxides when water is pumped from
anaerobic waters (WHO, 2011). Other physi-
cochemical parameters of water were not sta-
tistically significant.

Mean values of nitrate, chloride, and TDS
concentration in two successive years are pre-
sented in Table 5. As shown in this table all
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TABLE 1

65 Drinking Water Resources

Statistics of the Analytical Results of Measured Parameters From

N T R

Turbidity (nephelometric turbidity units) 1.07+1.61 0.08 9.26
Electrical conductivity (us/cm) 821.96+717.11 3.85 3190
Total dissolved solids (mg/L) 452.08+394.41 2.12 1754.50
Nitrate nitrogen (mg/L) 5.35+3.77 0.6 15.40
Nitrite nitrogen (mg/L) 0.006+0.006 0.001 0.045
Chloride (mg/L) 93.70+96.32 8.0 400.0
Fluoride (mg/L) 0.57+0.36 0.01 1.60
Iron (mg/L) 0.10+0.21 0.01 1.23

TABLE 2

Parameter WHO
Guideline (mg/L)

Comparison of Water Resources Quality With World Health
Organization (WHO) Guideline Values for Drinking Water

% Samples Exceeding

the Guideline Value

Well Spring Aqueduct Total
Total dissolved solids 1000 7.5 0.0 20.0 9.2
(mg/L)
Nitrate nitrogen (mg/L) 10.0 17.5 0.0 6.7 12.3
Nitrite nitrogen (mg/L) 1.0 0.0 0.0 0.0 0.0
Chloride (mg/L) 250 10.0 0.0 13.3 9.2
Fluoride (mg/L) 1.5 2.5 0.0 0.0 1.5
Iron (mg/L) 0.3 8.6 1.1 0.0 6.8

values were increased in 2013 in comparison
to 2012 and the increase was significant for
nitrate and TDS. In comparison to the results
of analyzed parameters in 2012, however, the
concentration of nitrate for only one sample
exceeded the standard guidelines. According
to the meteorological information, the mean
rate of annual rainfall from October 2011-
September 2012 to October 2012-September
2013 reduced about 13.9%-14.5% in most
regions. Temperature increased, however,
about 1°C-1.5°C in all regions.

Discussion

Groundwater is an important source of water
worldwide and is particularly vulnerable to
the direct and indirect effects of industrial
and agricultural activities as well as climate
change. According to the results of our study,
the quality of drinking water resources in the
central part of Iran is mostly acceptable and

satisfactory (Table 2). Comparison of physi-
cochemical parameters concentration among
the different water resources indicated that
the water obtained from springs is better than
the other water resources except for iron lev-
els (Table 2), which could be attributed to the
stratigraphic structure (Nemerow, Agardy, &
Salvato, 2009). Since iron is frequently found
in water due to large deposits in earth’s surface
(WHO, 2011), spring samples contained more
iron concentration that exceeded the accept-
able limit. Additional study is required to pro-
vide the detailed mechanisms of such effects.
Higher levels of TDS and chloride in well
and aqueduct samples compared to spring
samples could be related to the natural occur-
rence of this mineral in deep aquifers (WHO,
2011). Furthermore, pollution of water
resources by wastewater could also increase
the chloride concentration (WHO, 2011).
Results of Rossiter and co-authors (2010) and



TABLE 3

Resources

Percent Frequency Distribution of Turbidity in Different Water

Source Turbidity (NTU?)

<0.1 0.1-1 1-5 >5
Well 2.5 65.0 27.5 5.0
Spring 10.0 80.0 10.0 0.0
Aqueduct 0.0 80.0 20.0 0.0
Total 3.1 70.8 23.1 3.1

aNTU = nephelometric turbidity units.

| TABLE 4

Correlation Matrix of the Measured Parameters in Water Resources

Parameter Fluoride | Chloride Nitrite Nitrate Total Dissolved
Solids

Turbidity 0.344* 0.000 0.292* 0.031 -0.097 0.087

Total dissolved -0.145 0.545™* 0.886™* -0.238" 0.181

solids

Nitrate -0.055 0.064 0.200 -0.099

Nitrite -0.022 -0.312* -0.162

Chloride -0.022 0.411*

Fluoride 0.036

*Correlations are significant at p < .05.
**Correlations are significant at p < .001.

TABLE 5

Water Resources

Comparison of the Nitrate, Chloride, and Total Dissolved Solids
(TDS) Concentrations in Two Successive Years for a Number of

Year Chemical Parameters (Mean=SD)

Nitrate (mg/L) Chloride (mg/L) TDS (mg/L)
2012 5.04+0.7 30.8+5.6 209.20+185.40
2013 6.7+0.5 32.4+6.7 335.36+234.63

Kumar and co-authors (2007) also showed
that around 5.7% and 6.6% of well and bore-
hole water samples, respectively, have higher
chloride concentration than the permissible
limit set by WHO for drinking water. Com-
parison of TDS and chloride concentrations
in aqueduct and well samples showed that
aqueduct waters were contaminated more
than the well waters. This may be explained

by the structure of aqueducts, which is an
underground system with a series of well-
like vertical shafts that facilitate the arrival
of point or nonpoint pollution to this source
(Assadollahi, 2009). In contrast to TDS and
chloride, the highest concentration of fluo-
ride was detected in the well water samples.
In a study conducted by Rossiter and co-
authors (2010), fluoride concentration var-

ied from <0.1 to 4.238 and about 6.7% of the
well and borehole water samples had con-
centrations above the permissible limit set by
WHO for drinking water (1.5 mg/L). Kortatsi
(2008) also reported that about 17% of the
well and borehole water samples contained
fluoride concentrations above the permis-
sible limit.

The results of our study also showed that
the highest percentage of water resource
contamination was related to nitrate pol-
lution. The result is consistent with other
studies that reported that nitrate is the most
frequently introduced pollutant into ground-
water systems (Babiker et al., 2004; Fang &
Ding, 2010; Nishikiori, Takamatsu, Kohzu,
Nakajima, & Watanabe, 2012). Nitrate may be
present in groundwater resources as a conse-
quence of the excess application of inorganic
or organic fertilizer as well as wastewater from
industrial activities (WHO, 2011). According
to the European Environment Agency report,
the percentages of wells with an annual mean
nitrate concentration of higher than the Euro-
pean Union standard for drinking water (11.3
mg/L as N) were observed in the UK (15%),
Italy (10%), Spain (25%), Germany (15%),
and France (9%). In the U.S., 8% of wells
sampled from 1991 to 2003 had a nitrate con-
centration more than the permissible limit set
by the U.S. Environmental Protection Agency
for drinking water (Nishikiori et al., 2012). In
Japan, 4% of wells contain water with nitrate
levels that exceed the Japanese environmental
standard for groundwater (Nishikiori, 2012).
In Iran, several studies have reported ground-
water contamination by nitrate due to agricul-
tural activities and heavy leaching of pollut-
ants from pesticides and fertilizers to the aqui-
fers (Ghaisari, Atosa, Najafi, & Hodaji, 2007;
Khosravi, Mosavi, & Afyoni, 2006; Malek-
abadi, Afyoni, Mosavi, & Khosravi, 2004). We
frequently observed the nitrate contamination
in well water samples without the presence of
other contaminants such as chloride and TDS,
which could reflect the high impact of human
and especially agricultural activities on well
waters (MacDonald & Calow, 2009).

Among the studied regions, water resources
in Falavarjan city were more polluted than
the others. This may be due to the inten-
sity of agricultural and industrial activities
in this region. The results also showed that
when the distance increased from farmland
and industrial regions, the chemical levels in
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the water resources decreased. Previous stud-
ies also have reported high values of chemi-
cal concentrations in the water samples of
these areas (Amin, Ebrahimi, Hajian, Iranpa-
nah, & Bina, 2010; Malekabadi et al., 2004).
Since this area is one of the most important
industrial and agricultural regions in the
central part of Iran, different issues of water
resources management such as quality and
quantity conservation, planning for water
allocation for agricultural uses, industry, and
drinking water issues have arisen in regard to
the fluctuations of chemical parameters, par-
ticularly nitrate. This finding also indicates
that inadequate attention to water resources
in these regions may enhance the presence of
other chemical pollutants, particularly heavy
metals. It is therefore essential to determine
the quality of these water resources on the
basis of other chemical pollutants.

Quality monitoring of a number of resources
in two successive years showed that the qual-
ity has been mostly impacted by increased
concentration of nitrate, chloride, and TDS
(Table 5). The quality of groundwater is
highly dependent on the geochemistry of soil
and rocks through which it moves and also
anthropogenic pollutants (Bloomfield, 2013).
Water quality may be impaired, however, if

decreases in annual mean rainfall cause con-
taminants to become more concentrated. In
addition, in arid and semiarid areas, the quality
of shallow groundwater may be affected by an
increase in salinization due to increased evap-
oration (Bates, Kundzewicz, Wu, & Palutikof,
2008). Based on the relatively stable condi-
tions of studied areas in the present study, the
higher concentration of analyzed parameters
in 2013 than in 2012 is likely due to increased
salinization as a result of rainfall reduction and
increase of temperature. This effect could be
confirmed by simultaneous increases in aver-
age concentration of nitrate and TDS (Table
5). In addition, sequences of dry summers in
arid and semiarid areas lead to the buildup of
inorganic nitrogen in the soil and an increased
risk of leaching from soil into water resources
(Stuart, Gooddy, Bloomfield, & Williams,
2011; Wilby et al., 2006). Nitrate concentra-
tion is predicted to rise in many places over
the next decade as the most widespread
groundwater quality problem (Stuart et al.,
2011). Wilby and co-authors (2000) state
that rising temperature as a result of climate
change will lead to higher nitrate concentra-
tions throughout the 21st century until a
plateau is reached in 2050. Long-term moni-
toring of a high number of water resources is

required to understand the impact of climate
change on water quality in arid and semiarid
areas. This is particularly essential for ensur-
ing the sustainability of future water resources
(Bloomfield et al., 2013).

Conclusion

In general, the quality of drinking water
resources in the central part of Iran in the pres-
ent status is mostly acceptable and satisfactory.
Water quality may be impaired, however, if
decreases in annual mean rainfall cause chem-
icals to become more concentrated. There-
fore, continued monitoring of water resource
quality in arid and semiarid areas is extremely
important for the protection of human health
and environmental safety. @
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Seat Belt Usage Interventions for

Motor Vehicle Crash Prevention on
the Pine Ridge Indian Reservation,

South Dakota

A b S t r a C t Motor vehicle crashes (MVC) are the leading cause of
death from severe injuries on the Pine Ridge Indian Reservation (PRIR),
averaging 16 MVC deaths per year from 2002 to 2011. The Sacred Cargo
Coalition was established in PRIR in 2007 to implement intervention
strategies to increase seat belt usage and reduce MVC fatalities, including
seat belt law enforcement, creating a traffic court system, and educational
campaigns on MVC prevention. The study described in this article examined
the effectiveness of the interventions on increasing the seat belt usage rates
and reducing MVC deaths. Secondary data were collected from the National
Highway Traffic Safety Administration and other federal and local agencies.
Seat belt usage rates increased an average of 6.8 percentage points from
2007 (10%) to 2012 (44%). MVC fatalities decreased by 46.7% from the
preintervention to the intervention period. Maintenance and improvement

of the intervention strategies may be achieved by seeking additional funding

and including appropriate engineering activities in PRIR.

Introduction

Death from motor vehicle crashes (MVC) is
an alarming problem on Native American
reservations across the U.S. MVCs were the
leading cause of death due to unintentional
injury in the U.S. for Native Americans for all
ages from 1981 to 2000. MVC fatality rates
are disproportionately higher among Native
Americans compared to other race/ethnicity
groups (National Center for Injury Prevention
and Control [NCIPC], 2013; National High-
way Traffic Safety Administration [NHTSA],
2010). MVCs were responsible for 6.8% of
all deaths of Native American populations as
compared to 1.6% of all deaths in the non-
Hispanic white population (NHTSA, 2006a).
Adult MVC death rates for Native Americans
are more than twice that of whites and almost
twice that of African-Americans (Centers
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for Disease Control and Prevention [CDC],
2013). MVC death rates among American
Indian and Alaska Native (AI/AN) vary across
the U.S., but in five states (South Dakota,
Wyoming, Montana, North Dakota, and Ari-
zona) it is more the twice the national average
for all AI/ANs and more than four times the
rate of the general U.S. population (NCIPC,
2013). Fatally injured Native American chil-
dren were the least likely to have used child
safety seats (27%) and the least likely to have
been wearing safety belts (<7%) (NHTSA,
2006a). Of the leading mechanisms of Native
American deaths from unintentional injury,
MVCs ranked highest in the 1-9 and 10-19
age groups and second highest for infants
(Bernard, Paulozzi, & Wallace, 2007).

The Pine Ridge Indian Reservation (PRIR)
is an Oglala Lakota Native American reserva-
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tion located in southwest South Dakota. It
encompasses 2.4 million acres with residents
in 52 reservation communities. The reserva-
tion includes Shannon, Bennett, and Jackson
counties. The Native American population
percentage is 92% for Shannon County, 60%
for Bennett County, and 51% for Jackson
County (U.S. Census Bureau, 2013). More
than 43,000 residents are enrolled members
of the Oglala Sioux Tribe (OST) (Bureau of
Indian Affairs, 2005). The total population in
the PRIR was 18,834 in 2010, 16,906 (89.8%)
of whom were AI/AN, alone or in combina-
tion (Norris, Vines, & Hoeffel, 2012). PRIR
averaged 16 MVC deaths per year based on
National Highway Traffic Safety Administra-
tion (NHTSA) data from 2002 to 2011. Peo-
ple who survive an MVC have higher rates of
debilitating injuries that reduce their quality
of life and increase their long-term health-
care costs.

The 2005-2007 data from the OST/Pine
Ridge Service Unit Severe Injury Profiles dem-
onstrated that MVCs were the leading cause of
death from severe injuries in PRIR (Figure 1).
Severe injury, as defined by the Indian Health
Service (IHS) Severe Injury Surveillance Sys-
tem protocol, is an injury resulting in one of
the following: amputation, head injury, major
fracture (excludes fingers and toes), hospital-
ization for at least one day in an IHS hospi-
tal or contract facility, or fatality. Out of the
99 fatalities, MVC was the leading cause of
death with 53 fatalities (53.5%) followed by
“other” causes with 18 fatalities (18.2%) and
suicide with 12 fatalities (12.1%). The “other”
category included drowning, poisoning, and
occupational and crushing injuries.

The major risk factors that influence MVC
fatalities in tribal communities include low
seat belt use, low child safety seat use, and



FIGURE 1
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high prevalence of alcohol-impaired driv-
ing. Research shows that most of the people
injured due to MVC were younger than 44
years old, had no health insurance, were
not wearing a seat belt, and were alcohol
impaired (NCPIC, 2013; NHTSA, 2010).
Intervention addressing seat belt use is one of
the well-established and effective MVC pre-
vention strategies (CDC, 2001, 2013).

In an effort to reduce severe injury on the
reservation from MVC, a local coalition was
developed in 2007 to gather data on the most
significant injury issues facing the reserva-
tion. Based on the data collected showing low
seat belt usage and high MVC fatality rates,
the coalition selected the appropriate inter-
vention strategies and implemented them
in the community to reduce MVC fatalities.
The aims of our study were to describe these
intervention strategies implemented in PRIR
from 2007 to 2012 on increasing the seat
belt usage rates and reducing deaths from
MVCs, to investigate the effectiveness of the
intervention strategies, and to determine if
changes are necessary to improve these inter-
vention strategies for MVC injury prevention
among Native Americans.

Methods

Secondary Data Collection
Existing data on MVC fatalities and seat belt
usage rates from federal, state, and tribal

sources were collected for the years 2002—
2012 for Native Americans on PRIR and all
races in South Dakota and nationally. These
data sources include 1) national seat belt
usage rates from NHTSA; 2) national MVC
mortality data from the Centers for Disease
Control and Prevention (CDC); 3) fatal-
ity data from the NHTSA Fatality Analysis
Reporting System (FARS); 4) local MVC
fatality data for Native Americans from THS
for patients presented to the hospital emer-
gency room or outpatient clinic or referred
to another facility at the Pine Ridge Service
Unit; 5) MVC reports and traffic citation data
from the OST Department of Public Safety
(DPS); 6) data on seat belt citations from the
OST court; and 7) PRIR seat belt usage rates
from the University of North Carolina (UNC)
observational surveys conducted by the OST
DPS and IHS Pine Ridge Office of Environ-
mental Health (OEH).

MVC fatality data for Shannon, Jackson,
and Bennett counties were collected from the
NHTSA FARS database for MVC fatalities that
occurred within PRIR boundaries between
2002 and 2011 regardless of race. Data on seat
belt usage among the MVC fatalities were also
collected from 2002 to 2009; seat belt usage
data were not available for 2010-2011. The
citation data were collected by the injury pre-
vention specialists at OST DPS.

Data on seat belt usage rate in PRIR from
2007 to 2012 were obtained from a series of

surveys conducted in the reservation by the
OST DPS with the assistance of the IHS Pine
Ridge OEH. The surveys were conducted
according to the observational seat belt sur-
vey protocol developed by the UNC School of
Public Health Department of Health Behavior
and Health Education and adopted for the
[HS Injury Prevention Program (University
of North Carolina, 2005). These surveys were
conducted biannually during the months of
January and July from 2007 to 2012.

Implementation of Intervention
Strategies

A local highway safety coalition named Sacred
Cargo Coalition was created in PRIR in 2007
to take the responsibility of gathering infor-
mation on the MVC injury issues facing the
reservation and of selecting, prioritizing, and
implementing intervention strategies in the
community by improving seat belt use to
reduce MVC fatalities. Membership in this
coalition included the OST DPS, OST Head
Start program, OST early child care program,
OST substance abuse program, and IHS.
The intervention strategies were based on
CDC’s Guide to Community Preventive Services
(2013), and included 1) developing a distribu-
tion program for child safety seats, 2) enhanc-
ing the enforcement of the seat belt laws by
the OST DPS through increasing citations in
2009, 3) developing a traffic court system in
2009 within the OST court to enforce seat
belt citations, and 4) conducting an education
campaign on the importance of seat belt use
in reducing severe injuries from MVC by the
OST DPS and the Sacred Cargo Coalition in
local schools and media starting in 2007.

Data Analysis

Data were analyzed using the CDC Epi Info
and Microsoft Excel 2010 for the calculation
of descriptive statistics (i.e., means, percent-
ages, and frequency distribution) and for data
visualization (i.e., graphs). The overall seat-
belt use rates and the changes in seat belt use
rates during the intervention period of the
populations living in PRIR, South Dakota,
and U.S. were compared to determine if
statistically significant differences were
observed. Mann-Whitney tests were per-
formed using Minitab 16 statistical software
to determine if differences between the com-
parison groups were statistically significant
(p = .05). The intervention strategies would
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be considered effective if the goals set by the
Sacred Cargo Coalition were achieved as fol-
lows: 1) seat belt usage rates in PRIR increase
by 10 percentage points each year from 2007
to 2012 (50 points overall); 2) MVC fatalities
decrease by 5% from 2007 to 2011 (six over-
all fewer deaths during the intervention).

Results

Seat Belt Usage Rate

The seat belt usage rates for the state of South
Dakota showed a steady increase from 53.4%
in 2000 to the low 70% by 2006, and remained
in the low 70% until it dropped to 66.5% in
2012 (NHTSA, 2013; Struckman-johnson,
Baldwin, & Struckman-Johnson, 2011). The
national seat belt usage rates for the U.S.
were higher than those of South Dakota and
showed a steady increase from 71% in 2000
to 86% in 2012 (Figure 2). The seat belt usage
rates on PRIR were available from 2007 to
2012, showing an average increase of 6.8 per-
centage points per year and a 34 percentage
point increase overall from 2007 (10% use) to
2012 (44% use), with a steeper increase after
2009. Despite the increase of PRIR seat belt
usage rates during this period, PPIR rates were
still significantly lower than the South Dakota
population (p =.0051) and the national popu-
lation (p = .0050) (Figure 2). The percentage
increase in seat belt use from 2007 to 2012,
however, was significantly greater on the PRIR
than in South Dakota (p = .0184) and in the
US. (p=.0258).

Table 1 summarizes the 2009-2012 data
from the OST DPS on the number of MVCs,
deaths, and injuries attributed to MVCs, seat
belt citations issued, and percentage of drivers
wearing seat belts in PRIR. These data showed
a decrease in the number of MVCs and associ-
ated deaths and injuries during this period and
an increase in the percentage of drivers using
seat belts. Seat belt citations issued increased
from 1,039 in 2009 to 1,430 in 2010, but then
showed a decrease to 864 in 2011.

The NHTSA FARS data report that in the
three counties (Shannon, Bennett, and Jack-
son) that cover PRIR, a total of 161 MVC
fatalities occurred for all races from 2002 to
2011, or an average of 16.1 deaths per year,
of which 142 (88.2%) were AI/AN (Table 2).
Moreover, 0%-12.5% of the MVC fatalities
during this period for all races were wearing
seat belts (overall usage of 5.6%), with only
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FIGURE 2

Seat Belt Usage Rates in the U.S., South Dakota (SD), and
Pine Ridge Indian Reservation (PRIR), 2000-2012
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| TABLE 1

Motor Vehicle Crash (MVC) Injuries and Fatalities and Seat Belt
Citations and Usage on the Pine Ridge Indian Reservation, South
Dakota, 2009-2012

Fiscal Number of Number of MVCs With Number of Seat Seat Belt Use
Year MVCs Either Injury or Fatality Belt Citations (%)
(Oct-Sept)

2009-2010 318 106 1039 28
2010-2011 312 76 1430 35
2011-2012 248 70 864 44

Total 878 252 3333 -

Source: Oglala Sioux Tribe Department of Public Safety Injury Prevention Program.

0%-8.7% for AI/AN (overall usage of 2.1%),
indicating that the MVC fatalities may be
attributed to lack of seat belt use.

MVC Deaths and Injuries in PRIR

A total of 105 MVC fatalities for all races
occurred during the preintervention period,
2002-2006, or an average of 21.0 MVC
fatalities per year; while during the interven-
tion period, 2007-2011, 56 MVC facilities
occurred, with an average of 11.2 fatalities
per year (Table 2). Therefore, a 46.7% reduc-

tion in MVC fatalities from the preinterven-
tion (2002-2006) to the intervention period
(2007-2011) was observed, thus exceeding
the 5% reduction goal. The annual number
of MVC fatalities was significantly lower (p
= .0130) during the intervention period in
comparison to the preintervention period
(2002-2006). Figure 3 shows that at the start
of the intervention implementation in 2007,
MVC fatalities dropped in numbers while seat
belt usage rates started to rise with a notable
increase after 2009.



| TABLE 2

Number of MVC Fatalities

National Highway Traffic Safety Administration Fatality Analysis
Reporting System Motor Vehicle Crash (MVC) Fatality Data for
Shannon, Bennett, and Jackson Counties, South Dakota, 2002-2011

Number of Fatalities With Seat Belt Usage

(%)

All Races AI/AN? All Races AlI/AN
2002 17 13 1(5.9) 0(0.0)
2003 26 23 2(7.7) 2(8.7)
2004 19 18 1(5.3) 1(5.6)
2005 23 19 2(8.7) 0(0.0)
2006 20 19 1(5.0) 0(0.0)
2007 8 7 1(12.5) 0(0.0)
2008 8 7 1(12.5) 0(0.0)
2009 13 12 0(0.0) 0(0.0)
2010 19 16 N/AP N/A
2011 8 8 N/A N/A
Subtotal 1 105 92 - -
(2002-2006)
Subtotal 2 56 50 - -
(2007-2011)
Total 161 142 9(5.6) 3(2.1)

2AI/AN: American Indian/Alaskan Native.
°N/A: not available.
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Intervention Implementation

and Outcomes

Several intervention strategies were imple-
mented in the PRIR since 2007 by several
groups on the reservation to reduce MVC
fatalities. MVC injury prevention activities

and their time of implementation are summa-
rized in Figure 4. Data collection and dissemi-
nation of educational information on seat belt
usage started in 2005 by the IHS OEH. The
OST traffic court began operation in 2009 and
was a vital aspect of the enforcement of traffic

laws on the PRIR. The Bureau of Indian Affairs
(BIA) Indian Highway Safety Program (IHSP)
funding was secured by the tribe in 2009 to
support the OST DPS with enforcement of
traffic laws by increasing the number of check-
points, citations, and police officers dedicated
to traffic safety. The IHS Tribal Injury Preven-
tion Cooperative Agreement Program (TIP-
CAP) and the CDC Tribal Motor Vehicle Injury
Prevention Program (TMVIPP) grants were
obtained through the Sacred Cargo Coalition
in 2009 and awarded in 2010. The TMVIPP
grant was focused on increasing seat belt usage
and reducing impaired driving, while the TIP-
CAP funding was focused on increasing child
passenger safety seat usage. These grants pro-
vided funding for hiring two injury prevention
specialists and for improving efforts in educat-
ing the community through local media on
MVC injury prevention. The education efforts
included seat belt and highway safety presen-
tations by the OST DPS officers in all high
schools and grade schools on the reservation.
Public service announcements were placed on
the local radio station and newspapers on the
importance of wearing seat belts in reducing
injury risk from MVC. These efforts brought
awareness to the community on the number
of MVC deaths and injuries on the reservation
and on the intervention strategies that were
implemented to decrease MVC fatalities.

Discussion

Increase in Seat Belt Use

The seat belt usage rates for PRIR, South
Dakota, and the U.S. have shown a trend toward
higher usage rates. The PRIR seat belt usage
rates showed a 34 percentage point increase
from 2007 to 2012, which may be attributed
to the intervention strategies implemented in
the PRIR starting 2007. The commencement
of the OST traffic court operation in 2009 and
enforcement of seat belt and other traffic laws
on the PRIR may have influenced the further
increase in seat belt usage in 2009 as well as the
increase in issued seat belt citations in 2010.
The steady increase in seat belt usage from that
time forward may be attributed to the enhanced
enforcement of traffic laws and extra financial
support in 2009 and 2010. The 39.6% decrease
in issued seat belt citations in 2011 may indi-
cate that more PRIR residents were complying
with the seat belt laws knowing that such laws
are strictly enforced.
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The percentage of drivers wearing seat
belts increased from 10% in 2007 to 44% in
2012, with an average increase of 6.8 percent-
age points per year. Therefore, the targeted
increase of seat belt use of 10 percentage
points each year as set by the Sacred Cargo
Coalition was not achieved. Although the
goal was not attained, the usage rate increase
was significantly higher than the state of
South Dakota and the U.S., and may have
positively contributed to the 46.7% reduc-
tion of MVC fatalities from the preinterven-
tion period (2002-2006) to the intervention
period (2007-2011). Moreover, such seat
belt use increase may have positive effects on
other highway safety issues, such as decrease
in severity of MVC injuries and decrease in
hospitalizations due to MVCs, which were
not included in the scope of our study.

Another goal of the interventions was
to decrease MVC fatalities on the PRIR by
five percentage points or six deaths during
the intervention period from 2007 to 2011.
NHTSA FARS data show a decline in MVC
fatalities during the five-year intervention
period (56 fatalities) relative to the five
years immediately prior to the intervention
(105 fatalities).

Seat Belt Law Enforcement

One of the most important intervention strat-
egies implemented on the reservation is the
increased enforcement activities by the OST
DPS Highway Safety Department. The increase
in issued traffic citations for seat belts and car
seats as well as the greater visibility of check-
points conducted and an increased and more
stable number of police officers dedicated
to traffic safety may have contributed to the
increased seat belt usage. Moreover, the cre-
ation of a traffic court by the OST court in 2009
is vital in these enforcement efforts. Although
OST did have a primary seat belt law that was
passed by ordinance of the tribal council in
1998, the law was rarely enforced by the tribal
court. Prior to 2009, when OST DPS would
issue a traffic citation for nonusage of seat belts,
no ramification occurred for not paying the fine
because of lack of staff in the court system to
enforce the citations. Due to the PRIR residents’
noncompliance with seat belt law, police offi-
cers eventually stopped issuing citations out
of frustration that such citations were not sup-
ported in tribal court. After the traffic court was
instituted in 2009, an unpaid citation resulted
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FIGURE 4

Timeline of Motor Vehicle Crash Injury Prevention Activities on
the Pine Ridge Indian Reservation
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IHS TIPCAP: Indian Health Service Tribal Injury Prevention Cooperative Agreement Program.
CDC TMVIPP: Centers for Disease Control and Prevention Tribal Motor Vehicle Injury Prevention Program.
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in the issuance of a warrant for arrest and
imprisonment until the fines were paid, which
sent a strong message to the community of the
consequences of not obeying local traffic laws.
The “three Es” perspective to road safety by
Groeger (2011) discussed several “E” compo-
nents used to reduce the risk of injury from
MVCs. Education, engineering, and enforce-
ment components were the three major “Es”.
Education includes informing the public about
MVCrisk factors and skills to reduce such risk.
Engineering focuses on making vehicles (i.e.,
through vehicle engineering designs, such as
air bags, seat belts, electronic stability control,
and speed limit warning systems) and roads
(i.e., through sufficient lighting and installa-
tion of guard rails for roads with sharp curves)
safer. The enforcement component makes
risky driving a criminal offense. Checkpoints
and arresting drivers for these criminal acts,
especially when made public, has shown to be
a powerful deterrent to these risky behaviors
(DeJong & Hingson, 1998). Checkpoints were
reported to decrease fatal MVCs by as much as
36% in some communities (Elder et al., 2002).
Moreover, reservations with primary seat belt
laws were found to have the highest use rates,
followed by reservations with secondary seat
belt laws; reservations with no seat belt laws
have the lowest rates (NHTSA, 2006b, 2008).
A study on the Navajo Nation demonstrated
an increase in seat belt use from 14% to 60%

and decrease in MVC-related injury hospi-
talizations by 29% after the implementation
of primary seat belt law, followed by a public
information campaign to increase awareness
of the law (CDC, 1992). Tribal policies are
likely responsible for the increase in seat belt
use and can be most effective in establishing
and improving seat belt usage levels in reser-
vations (CDC, 1992; NHTSA, 2008).

Study Limitations

A limitation of our study is the exclusion
of fatalities and severe injuries not triaged
through the Pine Ridge Hospital. Not all of
the reservation residents use the Pine Ridge
Hospital, considering that the hospital user
population is 29,000 while the reservation
population is approximately 43,000. With
several hospitals in communities surround-
ing the reservation in South Dakota and
Nebraska, it is possible that some MVC vic-
tims on the PRIR were sent to health care
facilities in Nebraska or other states. These
cases may be missed in the data collection if
the NHTSA FARS system does not identify
them as occurring on PRIR. Moreover, other
factors that may affect MVCs and may serve
as confounding factors, such as driver alcohol
impairment and age, were not investigated in
this study. Investigating the effects of these
factors on seat belt use, MVCs, and MVC
deaths in future studies may be worthwhile.



Conclusion and
Recommendations

Government and community organizations on
PRIR started addressing deaths and injuries
from MVCs in 2005, which resulted in inter-
vention programs to reduce MVC deaths and
injuries. Data have begun to show an increase
in seat belt usage in the PRIR during the inter-
vention period (2007-2011), and a reduction
in total MVC fatalities from the preinterven-
tion period (2002-2000) to the intervention
period. Despite the steady increase of seat belt
usage in the PRIR, the usage rate of 44% in
2012 is still much lower than the South Dakota
(66.5%) and the national (86%) seat belt usage
rates in 2012. For continued increase in seat
belt usage and education among the PRIR
members and maintenance of strict traffic law
enforcement, the intervention strategies initi-
ated at PRIR can still be strengthened through
increased manpower in the OST DPS.

PRIR is a large area encompassing more
than 2.4 million acres. The five officers are
not adequate to provide constant coverage
of the whole reservation. Also, an increase in
culturally relevant education for the Lakota
people who live on the reservation is impor-
tant. Educational materials written and radio
ads recorded in the Lakota language will help
reach the Lakota-speaking segment of the
tribal population on the reservation. More-
over, any intervention activities need to be
conducted in all the communities on the reser-
vation. The current intervention activities are
held in the largest eight communities but over
40 smaller communities exist on PRIR. These
intervention activities need to be brought to
more of the smaller communities on the res-

ervation. Efforts to reduce MVC fatalities on
the PRIR must be a continuous program for
the reservation communities. Funding for
these efforts has been obtained but additional
funding support must be sought from other
agencies and programs to sustain these inter-
vention strategies. Another element that must
be focused on is the tribal program integration
of activities that will sustain the intervention
strategies, such as the collaboration of various
tribal organizations (e.g., OST DPS, OST traf-
fic court, Sacred Cargo Coalition, THS OEH)
and external stakeholders. The current inter-
ventions must annually undergo a compre-
hensive evaluation for effectiveness and fur-
ther improvements each year.

The Sacred Cargo Coalition took a signifi-
cant role of gathering information on MVC
issues facing the reservation and of selecting
and implementing intervention strategies to
improve seat belt use and reduce MVC fatali-
ties. In addition to coalition members from the
OST government agencies and programs, how-
ever, more efforts must be made to include more
community members from the reservation into
the coalition to help gather more information
and input for the success of these interventions
from the communities’ point of view.

Our study investigated the possible effects
of the implemented intervention strategies
on seat belt use and, consequently, on MVC
fatalities in the PRIR. A reduction in MVC
fatalities was observed from the preinter-
vention to the intervention period. Despite
the yearly increase of seat belt use during
the intervention period, however, a yearly
decrease in the number of MVC fatalities
does not seem to be apparent. By contrast,

the observed seat belt use increase may
have positive effects on other MVC issues.
To further evaluate the effectiveness of the
interventions, investigating the effects on
the severity of MVC injuries, the number of
hospitalizations and long-term medical care
costs due to MVCs, and other related MVC
issues is recommended.

The implemented interventions in PRIR
have addressed education and enforcement
among the “three Es” discussed by Groeger
(2011), except road engineering. No data were
available on the engineering activities, such
as installation of guard rails, street lighting,
and straightening of roads that occurred at
the PRIR during the study period. It is recom-
mended that the coalition look into the need
for road audits to be conducted by the reser-
vation and state road departments to identify
potential areas where MVCs may be occurring
more frequently and to determine if physical
barriers or increased lighting and signage are
necessary in these areas to reduce MVCs. g%
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» SPECIAL REPORT

An Expanding and Shifting
Focus in Recent Environmental
Health Literature: A Quantitative
Bibliometric Study

A b St Fa Ct This special report characterizes the patterns of
environmental health literature from 1993 to 2012 by using bibliometric
techniques based on databases of the Science Citation Index and the Social
Science Citation Index. “Research article” was the most widely used document
type, accounting for 71.7% of the total records (5,053), and 94.9% of these
articles were published in English. The number of environmental health
publications is growing along with an increasing level of communication.
The U.S. was the largest contributing country with the highest h-index
(85) and the most publications (1,854), followed by the UK and Canada.
Environmental Health Perspectives and the Journal of Environmental Health
were the top two most productive journals. The most cited article in each
main research area is also listed. The authors’ study not only identifies

global characteristics in environmental health research, but also influences

researchers’ selection of future studies and publications.

Introduction

Novel environmental threats with potentially
severe impacts on public health and ecosys-
tems have emerged as a result of rapid growth
of the world economy (Iverson & Perrings,
2012). More attention is being paid to envi-
ronmental health than ever before. The envi-
ronment used to be considered as “a minor
player in the etiology of human illness; in part
because only radiation, synthetic chemicals,
and industrial by-products were included in
the definition of environment (Olden, 2004).”
Now, however, extensive studies have been
undertaken on environmental health-related
issues. These studies can be generally divided
into two categories according to the defini-
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tion of environmental health, i.e., the nar-
row definition (e.g., air, water, food, and soil
pollutants), and the broad definition (e.g.,
lifestyle factors, occupational exposures, and
pollutants) (McGuinn et al., 2012). Indeed,
environmental health, according to the World
Health Organization (WHO), “...addresses all
the physical, chemical, and biological factors
external to a person and all the related fac-
tors impacting behaviors. It encompasses the
assessment and control of those environmen-
tal factors that can potentially affect health.
Focus should be placed on preventing disease
and creating health-supportive environments,
which address the relationship between the
environment and health (WHO, 2015).”
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The biggest threat to human health appears to
be adverse environmental changes. McMichael
and co-authors (2008) noticed that global envi-
ronmental changes are unprecedented in scale.
Adverse environmental changes may even
severely affect global life expectancy, which has
increased largely since 1950 as a result of the
scientific, social, and technological improve-
ment (Kovats & Butler, 2012). The accurate
and detailed relationship between environment
and health has drawn an increasing level of
attention in all fields, which has led to a surge
in the number of related publications. Thus,
a timely study is called for to critically evalu-
ate the growing body of knowledge on envi-
ronmental health. The bibliometric technique
offers a useful quantitative and qualitative tech-
nique to assess the development and growth of
research on the topic of environmental health.

Originally, bibliometric methods had been
applied in library and information sciences
for citation analysis and content analysis
(Henderson, Shurville, & Fernstrom, 2009).
In recent years, various characteristics of pub-
lications (e.g., author’s affiliation, research
fields, citation habits, and word distribution)
were analyzed to obtain more refined infor-
mation related to the research itself (Li, Ding,
Feng, Wang, & Ho, 2009; Xie, Zhang, & Ho,
2008; Zhang, Wang, Hu, & Ho, 2010).

The aim of our study was to quantitatively
and qualitatively evaluate environmental
health research-related literature between
1993 and 2012, such as the countries’ per-
formance, the detailed analysis about the
institute, the general trend, and the hotspots.
Our findings provide a better understanding



HBI_E 1
Contribution of the Top 20 Countries/Regions During 1993-2012
TR R
(%)* (%) (%) (%) (%)
1854 1(52.42) | 1(52.85) | 1(50.17) | 1(49.00) | 1(48.87)
UK 324 2(9.16) 2(6.42) 2 (23.26) 2(6.70) 2(6.54) 55
Canada 244 3(6.90) 3(5.47) 3(14.24) 3(5.54) 3(5.49 56
Australia 152 4 (4.30) 4(3.41) 6 (8.85) 4 (3.65) 4 (3.69) 43
Germany 128 5(3.62) 7(2.43) 4(9.72) 6 (2.66) 6 (2.67) 42
France 119 6 (3.36) 6(2.77) 11 (6.42) 7(2.63) 7(2.47) 39
Brazil 115 7(3.25) 5(2.80) 14 (5.56) 5(2.86) 5(2.91) 37
China 98 8(2.77) 11 (1.52) 5(9.20) 9(1.67) 10 (1.69) 40
Japan 92 9 (2.60) 8(2.23) 15 (4.51) 8(2.18) 8(2.24) 34
Italy 91 10 (2.57) 9(1.69) 9(7.12) 9(1.67) 9(1.71) 37
Switzerland 67 11(1.89) | 13(0.84) 7(7.29) 12(1.24) | 12(1.22) 37
India 61 12 (1.72) 0(1.62) | 21(2.26) | 11(1.41) | 11(1.39) 32
Netherlands 59 13 (1.67) 9(0.57) 7(7.29) 16 (0.90) | 15(0.96) 33
Spain 58 14 (1.64) 7(0.74) | 12(6.25) | 13(1.02) | 13(1.10) 35
Denmark 55 15 (1.55) 3(0.47) 9(7.12) 20(0.74) | 20(0.76) 32
Sweden 52 6(1.47) | 19(0.57) | 13(6.08) | 21(0.65) | 21(0.67) 32
Mexico 48 7(1.36) 6(0.78) | 16(4.34) | 15(0.96) | 16(0.93) 28
South Africa 45 8(1.27) 5(0.81) | 17(3.65 | 13(1.02) | 14(1.05) 29
Belgium 42 9(1.19) 8(0.71) | 17(3.65 | 19(0.82) | 19(0.84) 27
Turkey 35 20 (0.99) 2(0.91) | 31(1.39) | 18(0.85) | 17(0.87) 21
aTP = number of total publications; R (%) = rank and the percentage of total publications; SP = single country
publications; CP = international collaboration publications; FP = the first author’s country publications; RP = the
corresponding author’s country publications.

of global characteristics of environmental
health research, which serves as a useful ref-
erence for future endeavors.

Methods

Bibliometric analysis

Bibliometrics is a “statistical method of bib-
liography counting to evaluate and quantify
the growth of literature for a particular sub-
ject” (Tsay, 2008).” Bibliometrics uses statis-
tical and mathematical methods to research
the distributed architecture, quantitative
relation, varying pattern, and quantitative
management of the document information
and subsequently investigates the structure,
characteristics, and patterns of the underly-

ing science and technology. It is worth not-
ing that bibliometrics can address qualitative
features despite its quantitative nature (Wal-
lin, 2005). Wallin suggested that bibliometric
techniques offer a useful tool to transform
intangible quality into a manageable entity
and scale from micro (scientist and institute)
to macro (national and global) levels. The
main advantages associated with the imple-
mentation of bibliometric analysis are pro-
viding a time series evaluation of research in
a specific topic with certain rules (Garfield,
1990) and recognizing the knowledge-inten-
sive nature of scientific research (Van Raan,
2005). Indeed, this tool has been widely
applied in various areas of science in order to
measure scientific progress (Van Raan, 2005).

Statistical Analysis of Documents

The statistical analysis of documents forms
an essential part of document research. Publi-
cation statistics generally describe countries,
publishing houses, subjects, languages, jour-
nals, research institutions, and the number of
published articles by different authors.

In our study, the h-index was adopted
to measure the influence of countries. The
h-index is an objective indicator of the impact
of a researcher or journal (Du, Wei, Brown,
Wang, & Zheng, 2012). It is defined as “A sci-
entist has index H if H of his/her Np papers
have at least H citations each, and the other
(Np-H) papers have no more than H citations
each,” where Np is the number of papers pub-
lished over n years (Hirsch, 2005). Therefore,
the h-index measures both quantity (number
of publications) and impact (number of cita-
tions) (Costas & Bordons, 2007).

Social Network Analysis

Social network analysis (SNA), which stems
from graph theory, is a regulation or a method
of the analysis on social relations (Serrat, 2009).
The focus of SNA is placed on the structure of
relationships, either casual acquaintance or
close bonds (Nan & Zhe, 2011). Thus, a social
network consists of multiple points (i.e., social
actors) and the connections between them
(i.e., the relationships between each social
actor). In our study, SNA was adopted to ana-
lyze the collaborative relationships among the
top 20 productive countries and institutions.
The term “productive” is used in this study to
express that one country or an institute had
many publications and abundant research in
the environmental health field.

Results

In this study, “environmental health” was
searched in titles, abstracts, or keywords of
those papers published between 1993 and
2012 in the database of the Science Citation
Index-Expanded (SCI-E) and Social Science
Citation Index (SSCI). As a result, 5,053
records were obtained. These records were
analyzed according to their type, language(s),
subject(s), journal(s), citation analysis of
articles, authors’ address information, and
keyword distribution.

Type of Documents
Of 5,053 records, research articles (3,624)
took the biggest share, accounting for 71.7%,
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followed by editorial material (9.54%),
reviews (8.43%), proceeding papers (7.74%),
meeting abstracts (4.79%), book reviews
(2.00%), news items (1.92%), and others,
such as letter, correction, note, book chap-
ter, biographical-item, and software review.
Therefore, only research articles were selected
for further analysis in our study.

Language of Documents

Results showed that English was clearly the
dominant language used to communicate
the results of environmental health research
with 3,438 records (94.90%), followed by
French (1.60%), Portuguese (1.49%), Span-
ish (1.05%), and German (0.55%). Japanese,
Italian, Turkish, Chinese, Slovak, Czech,
Hungarian, Korean, Polish, and Estonian
were used less than 0.1%.

Characteristics of Publications
Characteristics of the environmental health
publications during 1993-2012 are discussed
below. The number of publications increased
from 83 to 344, the number of publications
with authors increased from 81 to 344, the
number of total authors increased from 197 to
1,700, and the number of authors participating
in each article on average increased from 2.4 to
4.9. The number of total references increased
from 1,716 to 13,899, and the number of refer-
ences in each article on average increased from
20.7 to 40.4. The general increase of publica-
tions and references indicated a growth trend
and an increasing level of communication in
the field of environmental health research dur-
ing the last two decades.

Contribution of the Countries/
Regions and Institutes

The contribution of different countries/regions
and institutes can be evaluated by analyzing the
author’ addresses. Only 3,537 articles were ana-
lyzed as 87 articles had no author addresses. Of
them, 2,961 (83.7%) articles were independent
publications without any collaboration.

The top 20 productive countries are listed
in Table 1, which showed that the U.S. was
the most productive country with the largest
number of single-country publications and
international collaborative publications, fol-
lowed by UK (324) and Canada (244). The
h-index of the U.S. was also the highest (85),
followed by Canada (56), UK (55), Australia
(43), and Germany (42), which was almost
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identical to the rank of these countries’ total
publications. The time-series analysis of the
six most productive countries showed that
the U.S. took a significant lead during 1993-
2012, especially during its rapid growth since
1998. The analysis of keywords of articles
published by U.S. scholars showed that
“risk assessment,” “environmental justice,”
“asthma,” and “children” were main focuses
of their environmental health studies.

We further analyzed the cooperative rela-
tionships among the 20 most productive
countries during 1993-2012 using SNA (Fig-
ure 1). The number in parentheses represents
the ranking of the country’s total publica-
tions. The lines between the two countries
represent their cooperative relationships, and
the thicker the line is, the closer the coop-
erative relationship was. As shown in Figure
1, the top 20 productive countries/regions
worked closely with each other as shown by
the crisscross lines presented in the collabo-
ration network diagram. It indicated that the
U.S. took the lead in the environmental health
research, and it had cooperative relationships
with all the other 19 productive countries/
regions. The cooperation between the U.S.
and Canada was outstanding in the network;
meanwhile the cooperation between the U.S.
and the UK, China, Mexico, and Germany

was also noticeable. Similarly, the UK and
Italy were also active in the collaboration
network having close connections with the
other 19 countries.

Among the 3,537 articles with authors’
addresses, 53.3% of them involved interin-
stitutional collaboration. The contribution
of the top 20 most productive institutes in
environmental health research from 1993 to
2012 is shown in Table 2. Ninety percent of
these top producing institutes are from North
America. It was worth noting that the U.S.
not only published the most articles but also
had the most productive institutes. This indi-
cated that the U.S. was the biggest contribu-
tor to environmental health research.

The U.S. Environmental Protection Agency
(U.S. EPA), the most productive institute,
mainly focused on “risk assessment,” “epi-
demiology,” “exposure assessment,” and
“children.” The Centers for Disease Control
and Prevention (CDC) was the second most
productive institute and paid more attention
to “children,” “pesticides,” “lead poisoning,”
and “epidemiology.” The National Institute
of Environmental Health Sciences (NIEHS)
ranked as the third most productive institute
and mainly focused on “toxic genomics,”
“public health,” “risk assessment,” “environ-
mental justice,” and “epidemiology.”




HBI_E 2
Contribution of the Top 20 Institutes During 1993-2012

N T T I T T
U.S. Environmental Protection Agency 99 1(2.8) 2(1.27) 2(414) 2(1.53) 1(1.6)
Centers for Disease Control and Prevention 94 2 (2.66) 4(0.73) 1(4.35) 4(1.22) 5(0.99)
National Institute of Environmental Health Sciences 91 3(2.57) 1(1.82) 5(3.24) 1(1.55) 1(1.6)
University of North Carolina 81 4 (2.29) 4(0.73) 3(3.66) 3(1.24) 3(1.)
Harvard University 72 5(2.04) 14 (0.54) 4(3.34) 5(1.13) 4(1.05)
University of California, Berkeley 62 6 (1.75) 11(0.61) 6 (2.76) 7(0.93) 7(0.93)
Columbia University 59 7(1.67) 4(0.73) 7(2.49) 5(1.13) 6 (0.96)
University of Michigan 49 8(1.39) 11 (0.61) 8(2.07) 10 (0.65) 10 (0.61)
University of Washington 44 9(1.24) 9(0.67) 9(1.75) 8(0.85) 8(0.81)
Séo Paulo University, Brazil 33 10(0.93) 22 (0.42) 11(1.38) 11 (0.54) 24 (0.38)
Duke University 33 10 (0.93) 4(0.73) 15(1.11) 15(0.48) 16 (0.44)
University of Occupational and Environmental Health, Japan 32 12(0.9) 3(1.15) 34 (0.69) 9(0.71) 9(0.76)
Johns Hopkins University 31 13(0.88) 43(0.3) 11(1.38) 22 (0.4) 35 (0.29)
Mount Sinai School of Medicine 31 13 (0.88) 58 (0.24) 10 (1.43) 11 (0.54) 12 (0.52)
University of Minnesota 30 15(0.85) 4(0.73) 20 (0.95) 13(0.51) 11 (0.55)
Emory University 30 15(0.85) 43(0.3) 13(1.33) 22 (0.4) 16 (0.44)
University of British Columbia 29 17 (0.82) 43(0.3) 14 (1.27) 13(0.51) 12 (0.52)
University of Wisconsin 27 18 (0.76) 16 (0.48) 19(1.01) 18 (0.45) 16 (0.44)
University of Colorado 26 19 (0.74) 14 (0.54) 24(0.9) 20(0.42) 21(0.41)
University of Toronto 26 19(0.74) 43(0.3) 15(1.11) 41 (0.28) 40 (0.26)
TP = number of total publications; R (%) = rank and the percentage of total publications; SP = single institute publications; CP = inter-institutionally collaborative publications;
FP = the first author’s institute publications; RP = the corresponding author’s institute publications.

The cooperative relationships among the

' 20 most productive institutes during 1993-
FIGURE 2 2012 are shown in Figure 2. U.S. EPA took
The Cooperative Relationships Among the Top 20 Productive the lead in the network diagram, and its
Institutes cooperation with NIEHS was outstanding in

the network. Additionally, the cooperation
between U.S. EPA and University of Califor-
nia, Berkeley, CDC; and University of North
Carolina was also noticeable.

Major research partners of the top three
institutes were analyzed to optimize the
analysis of institutions in the field of environ-
mental health. Considering the number of
publications greater than five, for U.S. EPA,
the Office of Research and Development was
the most productive research partner with 15
publications, followed by the National Expo-
sure Research Laboratory (14), the National
Health and Environmental Effects (12), and
National Center for Environmental Assess-
ment (9). For CDC, the National Center for
Environmental Health (46) was the most pro-
ductive research partner, followed by Divi-
sion of Laboratory Sciences (9) and Epidemic
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KBLE 3
Number of Publications Within Main Topic and Subtopic Areas
Main Topics and Subtopics # (%) 1993-2012 | # (%) 1993-1997 | # (%) 1998-2002 | # (%) 2003-2007 | # (%) 2008-2012
Environmental media pollution
Water 215 (8.5) 11(6.43) 32 (7.94) 58 (7.93) 114 (9.31)
Air 187 (7.39) 10 (5.85) 27 (6.7) 53 (7.25) 97 (7.92)
Food 92 (3.64) 7(4.09) 10 (2.48) 31 (4.24) 44 (3.59)
Soil 47 (1.86) 4(2.34) 11 (2.73) 16 (2.19) 17 (1.39)
Wastes 10 (0.4) 7 (4.09) 0 1(0.14) 2(0.16)
Environmental health hazards
Chemical 89 (3.52) 8 (4.68) 19 (4.71) 24 (3.28) 38(3.1)
Climate 43(1.7) 0 3(0.74) 7(0.96) 33(2.7)
Biological 34 (1.34) 6 (3.51) 8(1.99) 8(1.09) 12 (0.98)
Disaster 19 (0.75) 2(1.17) 2(0.5) 5(0.68) 10 (0.82)
Physical 16 (0.63) 1(0.58) 0 4 (0.55) 11 (0.9)
Dust 11(0.43) 1(0.58) 7(1.74) 3(0.41) 2(0.16)
Environmental exposure
Monitoring 169 (6.68) 4(2.34) 11 (2.73) 39 (5.34) 38(3.1)
Exposure assessment 34 (1.34) 4(2.34) 5(1.24) 14 (1.92) 11 (0.
Environmental illness
Cancer 64 (2.53) 4(2.34) 11 (2.73) 26 (3.56) 23(1.88)
Respiratory 25 (0.99) 3(1.75) 1(0.25) 11 (1.5) 10 (0.82)
Birth defects and developmental diseases 21(0.83) 1(0.58) 0 7 (0.96) 12(0.98)
Reproduction 6 (0.24) 0 1(0.25) 1(0.14) 4(0.33)
Neurological disorders 4(0.16) 1(0.58) 2(0.5) 1(0.14) 0
Work environment and health
Occupational exposure 11(0.43) 0 1(0.25) 6(0.82) 4(0.33)
Occupational disease 6 (0.24) 2(1.17) 1(0.25) 0 3(0.25)
Vulnerable groups
Children 151 (5.97) 7 (4.09) 27 (6.7) 68 (9.3) 49 (4)
Elderly 5(0.2) 0 1(0.25) 2(0.27) 2(0.16)
Environmental health risk assessment
Risk communication 28 (1.11) 6 (3.51) 3(0.74) 10 (1.37) 9(0.74)
Risk prevention 2(0.1) 0 0 0 2(0.2)

Intelligence Service (6). For NIEHS, the Divi-
sion of Extramural Research and Training (8)
was the most productive research partner, fol-
lowed by the Epidemiology Branch, and the
Women’s Health Group (5). This statistical
analysis provides some more detailed infor-
mation about the top producing institutes.

Analysis of Subjects and Journals

In terms of the total number of annual publi-
cations, the five most frequent subject catego-
ries are presented below. The 3,624 articles on
environmental health were divided into 203
subject categories in SCI-E and SSCI. Among
them, public, environmental, and occupa-
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tional health ranked first with 1,523 publica-
tions, and environmental science ranked sec-
ond (1,202). They showed a steady growth of
the annual number of publications in the last
two decades. The third subject category, toxi-
cology, was far less than the top two subject
categories with 298 publications, followed by
environmental engineering (181) and envi-
ronmental studies (141).

In terms of annual number of publica-
tions, the top six journals presented a gen-
eral increasing trend. The top journal, Envi-
ronmental Health Perspectives, published 265
articles in total, and the Journal of Environ-
mental Health ranked second with 165 pub-

lications. International Journal of Hygiene and
Environmental Health didn’t have relevant
articles until 2001, and it ranked third with
60 publications. Its growth rate was relatively
higher compared with the following journals,
Science of the Total Environment, Environmen-
tal Research, and Environmental Science &
Technology with 51, 42, and 42 publications,
respectively. These journals also had very few
articles before 2001, and presented a slow ris-
ing volatility since then.

Main Research Fields
Table 3 lists the main topics and subtopics of
environmental health according to the rank-



TABLE 4

Most Frequently Cited Articles During 1993-2012
TC2- TC/Y? Journal
2012
1993 Lead Toxicity—Current Concerns Environmental Health Canada
Perspectives
1994 390 21 Gender, Race, and Perception of Environmental Health Risks Risk Analysis u.s.
1995 133 7 Longitudinal Neurodevelopmental Study of Seychellois Children Neurotoxicology U.S., Seychelles,
Following in utero Exposure to Methylmercury From Maternal Fish Sweden
Ingestion: Outcomes at 19 and 29 Months
1996 129 8 The Use of Toxic Equivalency Factors in Assessing Occupational and | Chemosphere Switzerland
Environmental Health Risk Associated With Exposure to Airborne
Mixtures of Polycyclic Aromatic Hydrocarbons (PAHS)
1997 107 7 Geographic Information Systems: Their Use in Environmental Environmental Health u.s.
Epidemiologic Research Perspectives
1998 963 64 Widespread Sexual Disruption in Wild Fish Environmental Science UK
& Technology
1999 165 12 Pesticides and Inner-City Children: Exposures, Risks, and Environmental Health u.s.
Prevention Perspectives
2000 544 42 Public-Health Impact of Outdoor and Traffic-Related Air Pollution: A Lancet Switzerland, France,
European Assessment Austria, Australia
2001 109 9 Ecologic Versus Individual-Level Sources of Bias in Ecologic International Journal of u.s.
Estimates of Contextual Health Effects Epidemiology
2002 128 12 Carcinogenicity of Dimethylarsinic Acid in Male F344 Rats and Carcinogenesis Japan
Genetic Alterations in Induced Urinary Bladder Tumors
2003 297 30 Global Amphibian Declines: Sorting the Hypotheses Diversity and Distributions u.s.
2004 148 16 Unhealthy Landscapes: Policy Recommendations on Land Use Environmental Health u.s., UK
Change and Infectious Disease Emergence Perspectives
2005 172 22 Maternal Fish Consumption, Hair Mercury, and Infant Cognition in Environmental Health u.s.
a U.S. Cohort Perspectives
2006 359 51 Inequality in the Built Environment Underlies Key Health Disparities | Pediatrics u.s.
in Physical Activity and Obesity
2007 169 28 Development of a Base Set of Toxicity Tests Using Ultrafine TiO, Toxicology Letters u.s.
Particles as a Component of Nanoparticle Risk Management
2008 128 26 Oxidative Stress and Apoptosis Induced by Titanium Dioxide Toxicology Letters South Korea
Nanoparticles in Cultured BEAS-2B Cells
2009 69 17 The Genomic Basis of Trophic Strategy in Marine Bacteria Proceedings of the National Australia, U.S., Turkey
Academy of Sciences of the
United States of America
2010 52 17 Prenatal Phthalate Exposure Is Associated With Childhood Behavior | Environmental Health u.s.
and Executive Functioning Perspectives
2011 52 26 The Comparative Toxicogenomics Database: Update 2011 Nucleic Acids Research u.s.
2012 14 14 Titanium Dioxide Nanoparticles in Food and Personal Care Products | Environmental Science U.S., Switzerland,
& Technology Norway
“TC = total citations; TC/Y = average annual citations since publication.

ing of keywords and the hotspot analysis of
pertinent literature. The largest amount of
retrieved journal articles was on the public
health aspects of environmental media pol-
lution, followed by environmental health
hazards, environmental exposure, vulnerable
groups, environmental illness, environmental
health risk management, and work environ-
ment and health.

(1) Environmental media pollution: water
pollution was the dominant area of envi-
ronmental media pollution research. Most
studies focused on the supply and qual-
ity of drinking water and groundwater. The
second largest area of research on this topic
was concentrated on air pollution. The focus
was mainly on ambient indoor and outdoor
pollution. For food pollution, the focus was

mainly on food safety and food contaminants.
In the water pollution research area, the arti-
cle entitled, “Drinking Water Disinfection
Byproducts: Review and Approach to Toxic-
ity Evaluation,” published in Environmental
Health Perspectives in 1999 by Boorman and
co-authors, had been cited the most (141)
by the time of our study. In the air pollution
research area, the article “Atopic Eczema and
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Other Manifestations of Atopy: Results of a
Study in East and West Germany,” published
in Allergy in 1996 by Schéfer and co-authors,
was cited most (87) by the time of our study.
In the food pollution research area, the article
“Maternal Fish Consumption, Hair Mercury,
and Infant Cognition in a U.S. Cohort,” pub-
lished in Environmental Health Perspectives in
2005 by Oken and co-authors was cited most
(172) by the time of our study.

(2) Environmental health hazards: the
publications on environmental health haz-
ards mainly concentrated on chemical haz-
ards, followed by climate, biological, disas-
ter, physical, and dust. The article “Climate
Change Risk: An Adaptation and Mitigation
Agenda for Indian Cities,” published in Envi-
ronment and Urbanization in 2008 by Revi,
had the highest annual number of citations.

(3) Vulnerable groups: children and elderly
people face a higher degree of risks to health
when exposed to environmental hazards (Tar-
kowski, 2007). Only a very small percentage
of articles related to vulnerable groups focused
on elderly people, however, in terms of their
health risks derived from environmental
exposures. The research on children mainly
focused on children’s health and development.
Some studies were on children’s illness, wel-
fare, and so on. In the subject area of children,
the article “Pesticides and Inner-City Chil-
dren: Exposures, Risks, and Prevention,” had
been cited most (165) by the time of our study.
It was a review article published in Environ-
mental Health Perspectives in 1999 by Land-
rigan and co-authors.

(4) Environmental illness: Cancer was the
main focus of environmental health research
with 64 articles from 1993 to 2012, followed

by respiratory, birth defects and developmen-
tal diseases, reproduction, and neurological
disorders. In the subject area of cancer, the
article “A Global Health Problem Caused by
Arsenic From Natural Sources,” had been
cited most (158) by the time of our study.
It was a review article published in Chemo-
sphere in 2003 by Ng and co-authors.

The Most Frequently Cited Articles
Table 4 lists the most frequently cited arti-
cles, the total citations of articles, average
annual citations of articles, article’s title, jour-
nal’s title, and the country of origin during
1993-2012. The most frequently cited arti-
cle, entitled “Widespread Sexual Disruption
in Wild Fish” and authored by Jobling and
co-authors, was published in Environmental
Science & Technology in 1998, with 963 cita-
tions and 64 annual citations. Furthermore,
among the 20 most cited articles, six of them
were published in Environmental Health
Perspectives.

Discussion and Conclusion

Based on the databases of SCI-E and SSCI,
our study investigated the characteristics of
environmental health literature from 1993
to 2012 by using bibliometric techniques. In
total 5,053 articles were published, 71.7% of
which were research articles and 94.9% of
which were published in English. The increas-
ing number of total articles and references
reflected that environmental health research
had become extensive and global during the
past two decades. The results indicated that
the U.S. was the biggest contributor to envi-
ronmental health research in terms of the total
publications, the h-index, and also the col-

laboration analysis, focusing on “risk assess-
ment,” “environmental justice,” “asthma,” and
“children.” U.S. EPA was the most productive
institution (99) and also took an important
role in the collaboration network among the
top 20 institutes. With public, environmental,
and occupational health and environmental
science being the top two subject categories,
Environmental Health Perspectives (265 pub-
lications) and the Journal of Environmental
Health (165 publications) were the top two
most productive journals. Our study also
found that the hotspots of the research area
were mainly on environmental pollution, envi-
ronmental health hazards, vulnerable groups,
environmental illness, and so on. The list of
the most frequently cited articles revealed
the significant contribution of Environmen-
tal Health Perspectives. These findings offer a
useful reference to researchers with interest in
environmental health, which also influences
the researchers’ selection of future studies and
publications. @
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» INTERNATIONAL PERSPECTIVES/SPECIAL REPORT

Pesticide Exposure in the
Caribbean: A Case From
Nutmeg Processing

A b St ra Ct Many developed countries around the world have
implemented regulations to phase out or greatly restrict the use of pesticides.
Pesticides are still utilized with minimal restrictions, however, in fumigating
agricultural commodities in developing countries such as Grenada. This
special report presents the case of a nutmeg factory worker in Grenada
who worked with various pesticides including methyl bromide, magnesium
phosphide (magtoxin), and aluminum phosphide (phostoxin) without the
proper awareness and utilization of health and safety measures. The nutmeg
factory worker later developed metastatic bladder cancer, which may have
been triggered by a combination of individual risk factors along with long-
term occupational exposure to these pesticides. In this special report,
the occupational health importance of prevention in a work environment
with significant exposure to pesticides is highlighted as well as some of
the fundamental deficiencies in awareness among workers in developing

nations concerning the deleterious effects of frequent exposure to pesticides.

Introduction

Many developed countries around the world
have banned or placed strict restrictions on a
variety of pesticides that pose significant threats
to health and the environment. Some develop-
ing countries around the world still apply pes-
ticides such as methyl bromide, magnesium
phosphide (magtoxin), and aluminum phos-
phide (phostoxin) with minimal restrictions
on use. In Grenada, methyl bromide was used
in the fumigation of nutmeg until around 1995
and then was discontinued due to a national
ban. Magnesium phosphide and aluminum
phosphide pellets have been used in Grenada
recently. These pesticides can lead to severe
health issues for exposed workers (Wesseling,
McConnell, Partanen, & Hogstedt, 1997).
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Methyl bromide is an extremely toxic
vapor and the predominant route of entry
is through the lungs, although methyl bro-
mide can also enter through the mouth by
ingestion and skin by absorption. Since
methyl bromide is a fumigant, it can disrupt
the exchange of oxygen at a cellular level.
Chronic exposure may lead to detrimental
health effects including depression, eupho-
ria, personality changes (U.S. Environmental
Protection Agency [U.S. EPA], 2013), and
various types of cancer. Methyl bromide has
been linked to fatal cases of testicular cancer
in industrial workers exposed to brominated
compounds (Pira et al., 2010) and to cases
of prostate cancer in individuals with occu-
pational and community exposure (Alavanja
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et al., 2003; Budnik, Kloth, Velasco-Garrido,
& Baur, 2012; Cockburn et al., 2011). After
methyl bromide was discontinued in the nut-
meg plant, magtoxin and phostoxin were uti-
lized as the main pesticides in the treatment
of nutmeg starting around 1995. Magtoxin
and phostoxin pellets react with moisture
from the air to release phosphine gas, which
is a highly toxic aromatic amine with health
effects such as malaise, tinnitus, pulmonary
edema, cyanosis, syncope, and even death
with extensive exposure (U.S. EPA, 2015).
This special report examines occupational
exposure to these pesticides, highlights the
importance of prevention measurements
when working with harmful pesticides, and
provides valuable insight into the fundamen-
tal deficiencies in awareness among workers
in developing nations concerning the deleteri-
ous effects of frequent exposure to pesticides
in the absence of basic workplace precautions.

Case Report

A 46-year-old male presented to his physi-
cian in August 2009 with hematuria, which
had been persistent since May 2009. Prior
to this medical visitation, the male did not
obtain any preventative health services. His
family medical history was only significant
for uterine cancer on his mother’s side. Addi-
tionally, the male was a nonsmoker with no
noteworthy history of heavy drinking or haz-
ardous environmental exposure outside of
his current occupation or work history apart
from the nutmeg industry. Biopsy revealed
that he had metastatic adenocarcinoma of
the bladder. The male had been a worker in
the nutmeg plant in Grenada for the previ-
ous 30 years and eventually stopped working
in the plant three months prior to his death



in 2012. The worker signed a consent form
to release his medical records for review and
agreed to his inclusion in this report.

In 1979, he worked in the stencil room
where he was in daily contact with certain
dyes and in the pesticides and fumigation
room where he was exposed to methyl bro-
mide, magtoxin, and phostoxin. Magtoxin
was used as a pesticide in 1999 and then
replaced with phostoxin in 2005. In 1999, he
was permanently transferred to the pesticides
and fumigation room. His primary tasks in
this room included spraying the nutmeg with
pesticide and fumigating the nutmeg by open-
ing and placing the packets of pesticides in
various locations in a 15 ft. x 15 ft. room that
was tightly sealed afterwards. After two days,
the nutmeg worker manually reopened the
room to ventilate the pesticide on the nutmeg.

All tasks were performed by the worker with-
out the utilization of any personal protective
equipment (PPE—mask, glove, or proper out-
fit) and without awareness of the health dan-
gers associated with the pesticide exposure. He
never received any pesticide handling training.
A visit to the processing plant in 2011 found
that the workers in the fumigation room who
experienced detrimental health effects also did
not wear any PPE and did not receive any safety
training or follow a formal procedure regard-
ing the handling of the fumigant and timing of
reentry into the fumigation room. The site visit
revealed that the solid pesticide tablets used in
the fumigation room immediately reacted with
atmospheric moisture to produce the toxic
gas phosphine. No material safety data sheet
(MSDS) for the pesticides used nor product
label for the fumigant existed.

Discussion
Occupational exposure to the pesticides
mentioned without the utilization of proper

prevention measurement might have caused
detrimental health effects among workers in
the fumigation room. To examine if the lack
of proper prevention and the development of
adverse health outcomes in the nutmeg worker
were related, confounding variables such as
smoking status, non-work-related hazardous
environmental exposure, alcohol consump-
tion, chronic bladder irritation and infections,
bladder birth defects, cancer-causing genes,
prior utilization of chemotherapy and radia-
tion therapy, and fluid consumption were con-
trolled for. The information from the site visit
and previous literature (Kesavachandran et al.,
2009) show that over 13 years of unprotected
exposure to the pesticides methyl bromide,
magtoxin, and phostoxin could have been car-
cinogenic to the nutmeg worker and also this
exposure poses a health risk to the other nut-
meg workers. Another major finding from the
workplace assessment was that a widespread
deficiency in awareness existed among the nut-
meg workers about their personal safety, which
could mean that basic workplace safety precau-
tions have seldom been implemented in devel-
oping countries. Low levels of education, low
perceived benefits of PPE use (Taha, 2000),
and competing social, economic, and political
challenges (Ahasan & Partanen, 2001) could
be possible explanations for this inadequate
awareness. Further research is needed to look
into this matter and on the chronic effects of
exposure to the mentioned pesticides in order
to make a conclusive association between pesti-
cide exposure and bladder cancer development
in the nutmeg worker. The occupational work
included fumigant replacement, increased ven-
tilation, and worker training and successfully
led to workplace alterations, the formulation of
a health and safety committee, and an increase
in awareness among workers. A genuine need
still exists, however, to promote regular health

screenings for workers and the continuous
updating of MSDS about hazardous chemicals
(Ward, 2010). By implementing collaborative
health education and awareness programs and
promoting various disease prevention strate-
gies, it is hoped that a substantial and long-
lasting improvement in the health of the work-
ers in the nutmeg facility in Grenada as well
as other developing countries will be achieved.

Conclusion

An important key point of this research is that
occupational health and safety must be utilized
by workers when working with pesticides or
in a substantial pesticide exposure environ-
ment. In addition, awareness about the inher-
ent dangers of a work environment is essential
in preventing the development of detrimental
health effects in workers. Both developed and
developing countries must work together and
with their individual governments to provide
and maintain a safe work environment for
all workers. Most importantly, a significant
amount of literature is available on pesticide
exposure and utilization patterns in workers
but most of the literature is from developed
countries. Developed countries have different
working conditions, exposure patterns, and
chemicals compared to developing countries
so it is beneficial to gain a perspective on occu-
pational health from a developing country’s
perspective. This new perspective will help
decision makers from both developed and
developing countries to make occupational
health and safety decisions that are best suited
for the needs of that particular country. @
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Association Between Low
Temperature During Winter
Season and Hospitalizations
for Ischemic Heart Diseases
in New York State

A b St Fa Ct Most prior research investigating the health effects
of extreme cold has been limited to temperature alone. Only a few studies
have assessed population vulnerability and compared various weather
indicators. The study described in this article intended to evaluate the
effects of cold weather on hospital admissions due to ischemic heart
disease, especially acute myocardial infarction (AMI), and to examine the
potential interactive effects between weather factors and demographics on
AMI. The authors found that extremely low universal apparent temperature
in winter was associated with increased risk of AMI, especially during lag4—
lag6. Certain demographic groups such as the elderly, males, people with
Medicaid insurance, people living in warmer areas, and areas with high

PM, | concentration showed higher vulnerabilities to cold-AMI effects than

other groups.

Introduction

With climate change, extreme weather events
such as heat waves and cold spells will
become more frequent and longer in dura-
tion (Intergovernmental Panel on Climate
Change [IPCC], 2007). The relationship
among low ambient temperature and extreme
cold events and ischemic heart disease (IHD)
is not well understood. Most prior studies
of the cold weather-THD relationship have
focused on mortality, finding statistically sig-
nificant increased risks of 1.16-1.44 (Bhas-
karan et al., 2009). In the cold weather sea-
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son, December and January had the highest
frequency of death (Kloner, Poole, & Perritt,
1999; Sheth, Nair, Muller, & Yusuf, 1999).
Even fewer studies have evaluated the
association between cold temperature and
IHD hospital admissions as an indicator of
morbidity. A comprehensive review by Bhas-
karan and co-authors (2009) reported a sta-
tistically significant short-term increased
risk of myocardial infarction (MI) at lower
temperatures in winter in 8 of 12 studies;
relative risks (RR) ranged from 1.01 to 1.40
and the strongest association was observed
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at lags of 2-7 and 8-14 days (Bhaskaran et
al., 2009, 2010). Other research observed
a seasonal variation for acute myocardial
infarction (AMI) hospitalization that peaked
in winter (Lee et al., 2010; Marchant, Ran-
jadayalan, Stevenson, Wilkinson, & Timmis,
1993, Spielberg, Falkenhahn, Willich, Wegs-
cheider, & Voller, 1996). Old age and previ-
ous heart conditions increased vulnerability
to cold effects (Analitis et al., 2008; Barnett et
al., 2005; Bhaskaran et al., 2010; Danet et al.,
1999; Morabito et al., 2005; Wichmann, Ket-
zel, Ellermann, & Loft, 2012). Other studies,
however, observed no clear cold temperature-
IHD morbidity association (Hajat & Haines,
2002; Schwartz, Samet, & Patz, 2004).

Gaps identified in scientific literature
include lack of sensitive weather indicators
of low temperature on health, lack of consid-
eration of other weather factors in addition
to temperature, relative paucity of data on
cardiovascular morbidities, no assessment of
population vulnerability, and no assessment
of interaction between low temperature and
air pollution. Our study fills these knowl-
edge gaps by evaluating the effects of vari-
ous cold indicators and temperature ranges
in the winter on IHD hospitalizations, cold
temperature’s individual and cumulative lag
effect, and identifying potential vulnerable
population groups to help inform climate
adaptation planning.



Materials and Methods

Study Population and Study Design
The study population consisted of subjects hos-
pitalized for THD, which included AMI (Inter-
national Classification of Disease 9th Revision
[ICD9] codes, ICD9 410), angina pectoris (AP)
(ICD9 413), chronic IHD (CIHD) (ICD9 414),
and other THD (OIHD) (ICD9 411, 412) from
1991 to 2004 in New York State (NYS) dur-
ing the cold weather season. A time-stratified
case-crossover design was employed to assess
the weather-health relationships (Maclure &
Mittleman, 2000). Time was divided into two
disjointed strata and exposure indicators in
the hazard period and exposure indicators
in multiple reference periods were compared
within strata of time (Janes, Sheppard, & Lum-
ley, 2005). Cases serve as their own controls
and exposure indicators were assigned on 1-6
days before hospital admission (during haz-
ard period). Cases were compared to exposure
indicators at the same lags between the hazard
and control period. Time-stratified selection of
referents provided three referents per case per
month on average.

Sources of Data

Hospital admission data were obtained from
the NYS Department of Health (NYSDOH)
Statewide Planning and Research Coopera-
tive System (SPARCS), which collects inpa-
tient information for all NYS hospitals except
psychiatric and federal hospitals. The SPARCS
database includes 295% of acute care hospital-
izations (Lin et al., 2008). Meteorological data,
including hourly observations for temperature
(T), dew point (DP), barometric pressure (P),
and wind speed (W) were provided by the
Data Support Section of the Computational
and Information System Laboratory and the
National Center for Atmospheric Research of
the National Weather Service. These data were
used to derive daily maximum, mean, and
minimum for each variable.

Exposure Definition

The cold weather season was defined as
December 24 to February 18 of each year as
the mean daily average universal apparent
temperature (UAT) during this period was
relatively stationary. Steadman’s UAT was cal-
culated using the formula:

UAT =-2.7 + 1.04*T + 2.0*VP - 0.65*W,

where T is measured in °C, VP in kPa, and
W in m*s!. VP was derived from DP:

VP =0.6105 * EXP(17.27 * DP[°C] /
(237.7 + DP[°C]).

Maximum, average, and minimum UAT
values were calculated (Steadman, 1984).
UAT is used in our study as it combines tem-
perature, humidity, and wind, which more
accurately represents the overall winter
atmosphere and environment than tempera-
ture alone (Madrigano et al., 2013).

Fourteen weather regions were assigned in
NYS. These regions were created by overlay-
ing and merging the National Climate Data
Center’s 10 NYS climate divisions with 11
ozone regions developed for NYS (Chin-
ery & Walker, 2009; Guttman & Quayle,
1996). Small regions that did not coincide
completely were merged with the adjacent
regions they were most similar to. This
resulted in 14 regions of relatively homoge-
neous weather exposure. Although ozone
exposure is not of interest in the winter sea-
son, we used temperature-ozone regions to
be able to compare this study with our other
studies of other diagnoses and in different
seasons. Each hospitalization was geocoded
by address and assigned to one region using
MapMarker Plus.

We created three temperature indicators:
mean of the daily average UAT (UATavg),
three-day moving average of UATavg, and
extreme temperature (10th percentile of
UATavg distribution). We also assessed the
effects of daily minimum UAT (UATmin)
and daily maximum UAT (UATmax) on [HD
hospitalizations. Since temperature did not
have a linear relationship with IHD hospital-
izations, 5°F interval groups were created for
the mean of UATavg and the three-day mov-
ing UATavg, UATmin, and UATmax. For the
stratified analysis we grouped temperature
in 10°F intervals to avoid small sample size
problems. In both analyses the temperature
group closest to and above water’s freezing
point (32°F) was selected as the reference.

Confounders and Effect Modifiers

Potential sociodemographic confounders
were controlled for by the study design. Case-
crossover design is one kind of time-series
analysis and a special type of matched case-
control design where cases serve as their own

controls. This design controls for confound-
ing due to time-invariant variables, by having
constant subject characteristics such as sex,
race-ethnicity, age, and source of treatment
in both exposure and control periods, which
also controls for seasonality as both peri-
ods occur within the same month (Maclure,
1991). Barometric pressure was also included
as a confounding factor in the analysis. Strati-
fied analysis was conducted for the following
variables: sex, race-ethnicity, age, source of
treatment payment, weather region, and par-
ticulate matter <2.5 pm (PM, ,). Five catego-
ries were created for race-ethnicity: white-
Hispanics, white non-Hispanics, black-His-
panics, black non-Hispanics, and other. Age
was categorized as follows: 18-24, 25-44,
45-64, 65-74, and =75. Three sources of pay-
ment were considered: Medicare, Medicaid,
and other programs. PM, | was categorized
in two groups based on the U.S. Environ-
mental Protection Agency (U.S. EPA) annual
National Ambient Air Quality Standard: <15
pg/m’ and =15pg/m’. In December 2012,
after our study period, U.S. EPA strengthened
the annual fine particle standard from 15.0

pg/m? to 12.0 pg/m’.

Statistical Analysis
Conditional logistic regression models using
the SAS PHREG procedure were employed to
analyze the data. Initially, crude analyses were
stratified by sex, race-ethnicity, age, source of
payment, weather region, and PM, .. Separate
multivariate analyses were conducted for each
exposure variable (mean of daily average and
UATmax, mean of three-day moving aver-
age of UATavg, and extreme temperature).
These models included potential effect modi-
fiers along with product terms between main
exposure variables and potential effect modi-
fiers. Reduced models were built through a
backward elimination process and limited to
variables with complete information (Agresti,
2007). Effect modification on the multipli-
cative scale was assessed as deviation from
perfect multiplicatively as determined by the
likelihood ratio test with an alpha of .05 and
results supported in stratified analysis. Odds
ratio (OR) estimates were adjusted for atmo-
spheric pressure by including it in the condi-
tional logistic regression model.

Statewide analyses of AMI hospitalizations
were conducted for UATavg, UATmax, and
UATmin separately on the day of hospitaliza-
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TABLE 1

Associations Between Various UATavg? Groups and AMI® Hospitalizations by Lag, New York State, 1991-2004

UATavg (°F) Cases/ Lag0 Lag1 Lag2 Lag3 Lag4 Lag5 Lag6
Controls OR? (95% OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
(KD
-20to-15 104/279 1.06 (0.85, 1.17 (0.95, 0.98 (0.78, 1.03 (0.82, 1.25 (1.00, 1.29 (1.03, 1.05(0.83,
1.34) 1.45) 1.24) 1.29) 1.57) 1.61) 1.32)
-15t0-10 294/941 0.93(0.82, 0.87 (0.75, 0.97 (0.84, 0.90 (0.79, 1.13 (0.99, 1.01 (0.88, 0.98 (0.85,
1.07) 1.00) 1.12) 1.04) 1.30) 1.16) 1.13)
-10to -5 711/2,356 0.91 (0.83, 0.96 (0.88, 0.99 (0.91, 1.05 (0.95, 1.01 (0.92, 1.05 (0.95, 0.98 (0.89,
1.00) 1.05) 1.09) 1.15) 1.10) 1.15) 1.08)
-51t00 1,830/5,240 1.07 (1.00, 0.99 (0.92, 1.01 (0.95, 1.04 (0.97, 1.14 (1.06, 1.04 (0.97, 1.07 (1.00,
1.14) 1.05) 1.08) 1.11) 1.21) 1.12) 1.19)
0-5 8,617/26,518 0.99 (0.95, 1.01 (0.96, 1.03 (0.98, 1.02 (0.97, 1.05 (1.00, 1.05 (1.01, 1.04 (1.00,
1.03) 1.05) 1.07) 1.06) 1.10) 1.10) 1.09)
5-10 8,238/25,339 1.00 (0.96, 1.00 (0.96, 1.00 (0.96, 1.00 (0.96, 1.05 (1.01, 1.05(1.01, 1.04 (0.99,
1.04) 1.04) 1.05) 1.05) 1.10) 1.10) 1.09)
10-15 11,300/34,641 0.99 (0.96, 1.00 (0.96, 1.02 (0.98, 1.01 (0.97, 1.05 (1.01, 1.02 (0.98, 1.04 (0.99,
1.03) 1.04) 1.06) 1.05) 1.09) 1.07) 1.08)
15-20 13,662/41,664 1.00 (0.96, 0.98 (0.95, 1.00 (0.97, 1.00 (0.97, 1.04 (1.00, 1.03 (0.99, 1.03 (0.99,
1.04) 1.02) 1.04) 1.04) 1.08) 1.08) 1.08)
20-25 15,976/47,339 1.03 (0.99, 1.01 (0.97, 1.00 (0.97, 1.00 (0.96, 1.02 (0.98, 1.04 (1.00, 1.04 (1.00,
1.07) 1.05) 1.04) 1.04) 1.05) 1.08) 1.08)
25-30 14,367/41,540 1.03 (0.99, 0.99 (0.95, 1.01 (0.87, 1.02 (0.98, 1.06 (1.02, 1.00 (0.96, 1.02 (0.98,
1.06) 1.02) 1.04) 1.06) 1.10) 1.04) 1.06)
30-35 10,001/29,795 1.01 (0.97, 0.98 (0.94, 0.99 (0.95, 1.01 (0.95, 1.03 (0.99, 1.02 (0.97, 1.01 (0.97,
1.05) 1.02) 1.03) 1.08) 1.08) 1.06) 1.05)
35-40 5,146/15,610 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent)
aATavg = daily average universal apparent temperature; AMI = acute myocardial infarction; OR = odds ratio; C/ = confidence intervals.
Note: ORs were adjusted for atmospheric pressure, weather region, sex, age, race/ethnicity, particulate matter less than 2.5 pm, and source of treatment payment.

tion (lag0) and each of the previous six days
(lagl-lag6). Similarly, statewide analyses for
AP, CIHD, and OIHD were also related to
UATavg on the day of hospitalization (lag0)
and each of the previous six days (lagl-lag6).
The effect of extreme temperatures on hospi-
talizations of all categories of IHD was also
analyzed. Data management and analysis
were conducted using SAS version 9.2.

Results

Our analysis included 232,905 THD hos-
pitalizations (AMI: 83,650 [35.92%], AP:
10,794 [4.63%], CIHD: 100,496 [43.15%],
and OIHD: 37,965 [16.3%]). The statewide
mean of the UATavg in the NYS cold weather
season, 1991-2004, was 18.0°F with a range
of -30°F to 60°F, and varied among weather
regions with the highest mean in New York
City (24.4°F) and the lowest in the Adiron-
dack region (7.5°F) (data not shown). The

68 Volume 78 ¢ Number 6

Adirondack, Mohawk Valley, Rochester,
Binghamton, and Buffalo regions had the
lowest UATavg in NYS. Consistent with low
temperature trends, the rates of IHD admis-
sions were highest in the Mohawk Valley
(18.0/1,000 population), followed by the Buf-
falo region (15.7/1,000) (data not shown). A
large heterogeneity in race-ethnicity distribu-
tion occurred with the highest percentage of
whites in the northern, central, and western
weather regions of the state and a higher per-
centage of Hispanics in New York City. The
mean age in the study population was 66.4
years (data not shown).

Table 1 shows the results of the condi-
tional regression analysis that examines the
association between low UATavg and hospital
admissions due to AMI by lag (lag0-lag6) in
NYS. Compared to the reference temperature
group (35°F-40°F), temperatures below 35°F
were associated with increased admissions

due to AMI in lag4-lag6. The most elevated
association was observed for the -20°F to
-15°F temperature group, with statistically
significant ORs ranging from 1.25 (95% con-
fidence interval [CI] 1.00, 1.57) to 1.29 (95%
CI 1.03, 1.61) at lag4 and lag5, respectively.
For temperatures ranging between -5°F and
35°F, the statistically significant ORs for hos-
pital admissions due to AMI varied between
OR = 1.05 (95% CI 1.01, 1.10) for 5°F-10°F
and 10°F-15°F temperature groups at lag4,
0°F=5°F and 5°F-10°F temperature groups at
lag5, and OR = 1.14 (95% CI 1.06, 1.21) for
-5°F to 0°F temperature group at lag4. The
most consistent detrimental effect occurred
at lag4. The association was not statistically
significant for lag0-lag3.

Table 2 shows results of analysis using the
three-day moving average of UATavg. For tem-
peratures below the reference (35°F—40°F), no
significant effects were observed for the major-



TABLE 2

UATavg Three-Day
Moving Average (°F)

Lag0+Lag1+Lag2

OR® (95% CI?)

Lag1+Lag2+Lag3

OR (95% CI)

Lag2+Lag3+Lag4

OR (95% CI)

Lag3+Lag4+Lag5

OR (95% CI)

Associations Between Various Three-Day Moving Averages of the UATavg® Groups and AMI® Hospitalizations
by Lag, New York State, 1991-2004

Lag4+Lag5+Lag6

OR (95% CI)

-20to -15 1.06 (0.65, 1.72) 0.73(0.45,1.17) 0.90 (0.54,1.48) 0.68 (0.34,1.21) 1.00 (0.59, 1.69)
-15t0-10 0.89(0.70,1.13) 0.88 (0.68, 1.15) 1.17 (0.91,1.50) 1.09 (0.86, 1.39) 1.36 (1.08, 1.71)
-10to -5 0.89(0.78,1.02) 0.99 (0.87,1.13) 1.05 (0.92, 1.20) 1.05 (0.92, 1.20) 1.01(0.88,1.15)
-5t00 0.99 (0.91,1.09) 0.98 (0.90, 1.07) 1.01(0.92,1.10) 1.07 (0.98,1.17) 1.07 (0.98,1.17)
0-5 0.99 (0.94,1.05) 1.00 (0.95, 1.05) 1.06 (1.00,1.12) 1.04 (0.98, 1.10) 1.04 (0.98, 1.09)
5-10 0.97 (0.92,1.02) 0.98 (0.93,1.03) 1.04 (0.99,1.10) 1.03 (0.98, 1.08) 1.03 (0.98, 1.09)
10-15 0.97 (0.93,1.03) 0.99 (0.94,1.04) 1.01 (0.96, 1.06) 1.03 (0.98, 1.08) 1.03 (0.98, 1.08)
15-20 0.97 (0.93,1.02) 0.96 (0.92,1.01) 1.02 (0.97,1.07) 1.01 (0.96, 1.06) 1.02 (0.97,1.07)
20-25 0.98 (0.94,1.03) 0.98 (0.93,1.03) 1.02 (0.97,1.07) 1.01 (0.96, 1.06) 1.01(0.97, 1.06)
25-30 0.97 (0.93,1.02) 0.97 (0.93,1.02) 1.01(0.97, 1.06) 1.02 (0.97,1.07) 1.02 (0.97,1.07)
30-35 0.96 (0.91,1.00) 0.96 (0.91,1.01) 1.04 (0.99, 1.10) 1.02 (0.97,1.07) 1.02 (0.97,1.07)
35-40 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent)

aJATavg = daily average universal apparent temperature; AMI = acute myocardial infarction; OR = odds ratio; C/ = confidence intervals.
Note: ORs were adjusted for atmospheric pressure, weather region, sex, age, race/ethnicity, particulate matter less than 2.5 um, and source of treatment payment.

ity of the temperature groups of the moving
averages except for the -15°F to -10°F tempera-
ture group with OR = 1.36 (95% CI 1.08, 1.71)
at lag4-lag6 and for the 0°F-5°F temperature
group with OR = 1.06 (95% CI 1.00, 1.12) at
lag2-lag4. Although not statistically significant,
ORs at lag2-lag4 showed detrimental effect
with values ranging from 1.01 (95% CI 0.96,
1.06) to 1.17 (95% C10.91, 1.50).

Table 3 displays the results of the stratified
analyses of the association between UATavg
and AMI by demographics, weather region,
and PM, , concentration. Since the UATavg-
AMI hospitalization association was statisti-
cally significant and most consistent at lag4,
we conducted the stratified analysis at lag4
only. In general, statistically significant results
were consistently observed for temperature
group 0°F-10°E Temperatures below 30°F
increased the odds of hospitalizations among
males: OR = 1.07 (95% CI1.02, 1.11) for 0°F-
10°F and OR = 1.03 (95% CI 1.00, 1.07) for
10°F-20°F temperature group; people of races
other than whites or blacks: OR = 1.17 (95%
CI 1.05, 1.29) for 0°F-10°F and OR = 1.09
(95% CI 1.00, 1.20) for 10°F-20°F; among
subjects aged 25-64: OR range 1.05-1.14 for
0°F-10°F; and among subjects aged 65-74:
OR = 1.06 (95% CI 1.01, 1.12) for 20°F-30°F
temperature group. Stratification by source of

payment categories showed increased ORs for
hospitalizations among Medicaid patients (OR
range 1.13-1.61). With respect to weather
region, the most elevated association was
observed in Binghamton in the -20°F to -10°F
interval, OR = 2.99, (95% CI 1.27, 7.03). Ele-
vated ORs were also consistently observed for
temperature group 0°F-10°F in NYC-LGA,
Staten Island, Long Island, and Hudson Val-
ley South. In the Buffalo region the odds of
hospital admissions were consistently and sig-
nificantly less than one for 0°F-30°F tempera-
tures. PM, | concentration above the U.S. EPA
annual standard concentration increased the
risk of hospitalization of AMI for temperature
group 0°F-10°E

We further examined the association
between extremely low UAT (<10th percen-
tile) and various IHD categories in lag0-lag6;
Figure 1 describes the statistically significant
estimates for different types of IHD at lag4-
lagh. We observed a statistically significant
harmful effect on hospital admissions of
AMI at lag4-lag6 and for CIHD at lag6. Con-
versely, extreme low temperature displayed a
protective effect on hospitalization due to AP
and OIHD at lag0 and lagl, and for CIHD at
lagl, lag2, and lag4. We also further exam-
ined the associations between UATavg and
various IHD subtypes including AP, CIHD,

and OIHD. We did not find any significant
relationships between low temperature and
IHD other than AMI such as AP, CIHD, and
OIHD (data not shown).

We analyzed the effect of UATmax on AMI
hospital admissions by different lag peri-
ods as described in Table 4. Consistently
increased ORs were observed in lag5-lag6.
The strongest association was observed at
lagb in the -15°F to -10°F interval (OR =
1.42 [95% CI 1.03, 1.97]). For temperature
groups between 0°F and 35°F at lag5 and
lag6, the ORs of AMI hospitalization varied
between OR = 1.04 (95% CI 1.00, 1.07) and
OR =1.07 (95% CI 1.03, 1.11). With respect
to UATmin, no increased risk of hospitaliza-
tion was observed for UATmin <35°F (data
not shown).

Discussion

The present study found that low ambient
temperature in winter was associated with
increased odds of hospital admissions due to
AMI. We found that the association was sta-
tistically significant at UAT <35°F The effect
is consistent when using multiple exposure
indicators (UATavg, extreme UATavg, UAT-
max). The increases in risk of AMI hospital
admission for all indicators range from 4%
to 29%, which is within the range of findings

January/February 2016 ¢ Journal of Environmental Health 69



ADVANCEMENT OF THE SCIENCE

KBI_E 3
Associations Between Various UATavg? Groups and AMI?® hospitalizations at Lag4, by Sociodemographic
Characteristics and Weather Regions in New York State, 1991-2004
Variable -20°F to -10°F -10°F to O°F 0°F-10°F 10°F-20°F 20°F-30°F 30°F-40°F
OR? (95% CI?) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Sex
Males 1.25(0.96, 1.64) 1.04 (0.94,1.15) 1.07 (1.02,1.11) 1.03 (1.00,1.07) 1.02 (0.99, 1.06) 1 (Referent)
Females 1.06 (0.75, 1.48) 0.98 (0.87,1.11) 0.99 (0.95,1.04) 1.00 (0.96, 1.04) 1.01 (0.97,1.05) 1 (Referent)
Race
White-Hispanics — 0.91(0.19, 4.45) 1.08 (0.87,1.34) 1.14(0.95,1.36) 1.00 (0.85,1.17) 1 (Referent)
White non-Hispanics 1.18 (0.93, 1.49) 1.00 (0.91,1.09) 1.03 (0.99, 1.06) 1.01 (0.98,1.05) 1.02 (0.99, 1.05) 1 (Referent)
Black-Hispanics — — 0.82 (0.47,1.42) 0.85(0.53,1.35) 0.86 (0.58, 1.29) 1 (Referent)
Black non-Hispanics 0.56 (0.12, 2.58) 1.19(0.81,1.74) 0.93 (0.84,1.04) 0.91 (0.83, 1.00) 0.92 (0.85, 1.00) 1 (Referent)
Others 2.39 (0.40, 14.36) 1.02 (0.58, 1.80) 1.17 (1.05,1.29) 1.09 (1.00, 1.20) 1.09 (1.00,1.17) 1 (Referent)
Age
18-24 — — 0.97 (0.30, 3.51) 0.75(0.27, 2.05) 0.88 (0.36, 2.15) 1 (Referent)
25-44 1.13(0.52, 2.48) 1.26 (0.93,1.70) 1.14 (1.00, 1.29) 1.02 (0.91,1.15) 1.01(0.90,1.12) 1 (Referent)
45-64 1.10(0.76, 1.59) 1.03(0.90, 1.18) 1.05(1.00, 1.11) 1.04 (0.99,1.09) 1.03(0.98,1.07) 1 (Referent)
65-74 1.49 (1.00, 2.21) 1.00 (0.85, 1.16) 1.04 (0.98, 1.10) 1.06 (1.00,1.11) 1.06 (1.01,1.12) 1 (Referent)
75+ 1.05(0.72,1.52) 0.97 (0.84,1.11) 1.00 (0.95, 1.05) 0.98 (0.94,1.02) 0.98 (0.94,1.02) 1 (Referent)
Pay source
Medicare 1.19(0.91, 1.56) 1.01(0.91,1.12) 1.02 (0.98, 1.06) 1.01 (0.97,1.05) 1.02 (0.98, 1.05) 1 (Referent)
Medicaid 0.80 (0.26, 2.46) 1.61(1.17,2.22) 1.13(1.02, 1.26) 1.08 (0.98,1.19) 1.04 (0.96,1.13) 1 (Referent)
Other programs 1.17 (0.82, 1.66) 0.95(0.83,1.08) 1.03 (0.98, 1.08) 1.02 (0.98,1.07) 1.01 (0.97,1.05) 1 (Referent)
Weather region
NYC-LGA — 1.19(0.74,1.09) 1.07 (1.01,1.14) 1.04 (0.98,1.09) 1.02 (0.92,1.09) 1 (Referent)
NYC-JFK — — 1.01 (0.91,1.11) 1.03(0.95,1.11) 0.95(0.89, 1.02) 1 (Referent)
Staten Island — 1.14 (0.23, 5.68) 1.21 (1.01, 1.44) 1.06 (0.91,1.23) 1.10(0.97,1.25) 1 (Referent)
Long Island — — 1.09 (1.01,1.10) 1.03 (0.97,1.10) 1.07 (1.02,1.13) 1 (Referent)
White Plains — 0.76 (0.34,1.67) 0.94 (0.84,1.07) 1.05(0.95,1.16) 1.05(0.96, 1.15) 1 (Referent)
Hudson Valley S — — 1.24 (1.06, 1.45) 1.10 (0.96,1.27) 1.07 (0.94,1.23) 1 (Referent)
Hudson Valley N 0.72 (0.29,1.78) 1.16 (0.93, 1.45) 1.03(0.89,1.18) 0.98 (0.86,1.12) 1.01(0.89,1.15) 1 (Referent)
Adirondack and 1.23(0.77,1.96) 1.15(0.78, 1.69) 1.14(0.80, 1.61) 1.15(0.81,1.64) 1.20(0.83,1.71) 1 (Referent)
North
Mohawk Valley 0.82 (0.32,2.09) 0.96 (0.71,1.30) 0.90(0.73,1.10) 0.92 (0.76,1.13) 0.94 (0.77,1.14) 1 (Referent)
Binghamton 2.99 (1.27,7.03) 1.01(0.77,1.33) 0.99 (0.84,1.18) 1.01 (0.85,1.20) 1.02 (0.86, 1.21) 1 (Referent)
Rochester 1.20 (0.76,1.91) 0.85(0.69,1.03) 0.94 (0.81,1.09) 0.94 (0.81,1.09) 0.97 (0.83,1.13) 1 (Referent)
Central Lakes — 0.92 (0.69,1.23) 1.02 (0.89, 1.18) 1.02 (0.89,1.17) 1.00 (0.87,1.14) 1 (Referent)
Western Plateau 0.21 (0.03,1.59) 1.20 (0.65, 2.23) 1.09 (0.88, 1.34) 1.03 (0.85, 1.25) 1.02 (0.84,1.22) 1 (Referent)
Buffalo 1.28 (0.68, 2.41) 0.79 (0.60, 1.04) 0.84 (0.75,0.94) 0.84 (0.75, 0.93) 0.83(0.74,0.92) 1 (Referent)
PM, . concentration
<15 pg/m3 1.15(0.93,1.43) 1.01(0.94,1.10) 1.03(0.99, 1.07) 1.02 (0.98, 1.05) 1.03 (1.00, 1.06) 1 (Referent)
>15 pg/m? — — 1.17 (1.01, 1.36) 1.04 (0.96,1.12) 1.01(0.96, 1.07) 1 (Referent)
*UATavg = daily average universal apparent temperature; AMI = acute myocardial infarction; OR = odds ratio; C/ = confidence intervals; PM, , = particulate matter less than 2.5 ym in
diameter.

cumulative increase in risk of MI. Another
study assessing the effects of atmospheric
temperature and pressure on occurrence of
MI and coronary deaths conducted by Danet

from previous studies (Bhaskaran et al., 2010;
Danet et al., 1999; Hopstock et al., 2012).
Bhaskaran and co-authors (2010) examined
the short-term relationship between ambient

temperature and MI risk in 15 conurbations
in England and Wales and found that each
1°C reduction in daily mean temperature was
associated with a 2% (95% CI 1.1%, 2.9%)
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and co-authors (1999) found that for a 10°C
temperature decrease, the increase in disease
rates was 13% for all age groups (p < .0001).
Similar findings on the effect of daily weather
conditions on MI incidence in cold weather
areas were reported by Hopstock and co-
authors (2012), who found that the MI risk
increased by 47% when comparing the lower
and upper limits of the temperature distribu-
tion (-10°C versus 20°C). The actual impact
of cold temperature on AMI could be larger
as difficulties in getting to the hospital dur-
ing temperature extremes might lead to more
out-of-hospital MI deaths, which would not
have been included in our study.

Several explanatory mechanisms have
been suggested for the higher occurrence
of THD in winter. Cold causes constriction
of skin vessels, which increases blood pres-
sure and consequently increases oxygen
demand (Kloner, 2006). Cold may induce
an increase in coronary artery resistance that
can, in turn, result in coronary artery vaso-
spasm (Kloner, 2006). Additionally, cold

causes an increase in red and white blood
cell and platelet concentrations, an increase
in plasmatic fibrinogen and blood viscosity,
and a shift of protein C to the extracellular
space (Kloner, 2006; Nayha, 2005). Protein
C along with changes in blood pressure and
thrombosis may be responsible for acute
heart conditions after exposure to cold tem-
perature (Nayha, 2002).

We found that the effect of UATavg on
AMI hospitalizations showed a delayed pat-
tern, with an effect occurring four days after
cold temperature. Our results are consistent
with the findings of Wolf and co-authors
(2009), who observed the strongest associa-
tion between daily average temperature and
nonfatal MI for a lag of three days, as well as
Donaldson and Keatinge (1997), who found
that the increase in IHD-related deaths was
maximal at three days after the peak of cold.
Compared to morbidity, other studies found
an even longer delay between exposure and
cardiovascular mortality, ranging from a lag
of 2 weeks to 20 days (Analitis et al., 2008;

Carder et al., 2005). The lagged effect may
be due to inclement weather accompanying
extreme cold, effectively reducing access
to a hospital or inclination to be admitted
(Schwartz et al., 2004). The peak observed
in odds of hospitalization several days after
extreme low temperatures might be related
to persons postponing admissions. Com-
pared to respiratory diseases, cold-related
IHD hospitalizations showed a longer
latency, i.e., 4-6 days after low ambient tem-
perature. Longer latency may be a second-
ary consequence of respiratory infections,
which may be triggers for IHD by affecting
blood coagulation and potentially damaging
the vessel walls and promoting atherosclero-
sis (Nayha, 2002).

When comparing four cold temperature
indicators, we found that UATmax has the
highest and most significant effect on AMI
(OR: 1.42) at lag6, and followed by three-
day moving UATavg (highest OR: 1.36). The
effects of UATavg (highest OR: 1.29) and
extreme cold (<10th percentile, OR: 1.04) on
AMI and different IHD are slightly lower. In a
review of 12 studies investigating low ambi-
ent temperature on MI, most prior studies
used mean temperature as the indicator, a few
used maximum temperature, and only one or
two considered winter wind chill and dew
point (Bhaskaran et al., 2010). The effects of
cold temperature on MI seemed to be larger
in the studies using maximum temperature
than those using mean temperature, which is
consistent with our findings. Few or no stud-
ies using moving average or extreme indi-
cators are available to compare our results.
The different findings among various stud-
ies could be due to differences in adaptation
to extreme low temperature of people living
in different climates, humidity, and wind
patterns. Since almost all previous studies
examining cold and THD focused on AMI,
no previous literature is available to com-
pare with our findings for other IHD admis-
sions. While low UATmax with 4-5 single
day lag had shown strongest AMI effect, we
cannot neglect the cumulative effect of low
UAT from lag4 to lag6 days on AMI although
little to no previous literature is available to
compare with our findings. Our study also
diverges from other studies in its use of UAT,
which includes dew point and wind chill in
addition to temperature to represent the real
atmosphere in winter.
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TABLE 4

Associations Between Various UATmax® groups and AMI® hospitalizations by Lag, New York State,
1991-2004

UATmax (°F) Lag 0 Lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6

OR? (95% CI?) OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% ClI) OR (95% CI) OR (95% CI)
-20to-15 1.08 (0.35,3.40) | 0.88(0.18,4.25) | 0.35(0.05,2.68) | 0.67 (0.14,3.08) | 1.11(0.29,4.17) | 1.85(0.57,6.01) | 0.31(0.04,2.39)
-15t0-10 0.90(0.62,1.30) | 0.95(0.68,1.34) | 0.76 (0.53,1.10) | 1.01(0.72,1.42) | 1.34(0.98,1.88) | 1.14(0.82,1.58) | 1.42(1.03,1.97)
-10t0 -5 1.03(0.86,1.23) | 0.86(0.71,1.04) | 1.05(0.87,1.27) | 0.85(0.70,1.04) | 0.98(0.81,1.19) | 1.06(0.87,1.28) | 1.04(0.85,1.27)
-5t00 0.88(0.78,1.00) | 0.99(0.88,1.11) | 0.99(0.88,1.12) | 1.00(0.88,1.13) | 0.91(0.81,1.03) | 1.09(0.97,1.23) | 1.01(0.90,1.15)
0-5 0.99(0.95,1.04) | 1.04(0.99,1.09) | 1.06(1.01,1.11) | 1.01(0.97,1.07) | 1.05(1.00,1.10) | 1.05(1.00,1.10) | 1.01(0.96,1.07)
5-10 0.98(0.94,1.03) | 1.02(0.98,1.06) | 1.02(0.98,1.06) | 1.02(0.98,1.07) | 1.02(0.98,1.07) | 1.06(1.01,1.11) | 1.05(1.00,1.10)
10-15 0.97 (0.94,1.01) | 1.04(1.00,1.08) | 1.04(1.00,1.08) | 1.01(0.97,1.05 | 1.01(0.97,1.05) | 1.07(1.03,1.11) | 1.06 (1.02,1.10)
15-20 1.01(0.98,1.04) | 1.02(0.99,1.06) | 1.02(0.99,1.05 | 1.01(0.97,1.04) | 0.99(0.96,1.03) | 1.04(1.01,1.08) | 1.03(1.00,1.07)
20-25 0.98 (0.95,1.01) | 1.02(0.99,1.05) | 1.00(0.97,1.04) | 0.99(0.96,1.02) | 1.00(0.96,1.03) | 1.04(1.00,1.07) | 1.03(0.99, 1.06)
25-30 1.01(0.98,1.04) | 1.02(0.99,1.05) | 1.03(1.00,1.06) | 1.00(0.97,1.03) | 0.98(0.95,1.01) | 1.05(1.02,1.09) | 1.03(1.00,1.07)
30-35 1.02(0.99,1.05) | 1.03(1.00,1.06) | 1.02(0.99,1.05 | 1.00(0.97,1.03) | 1.00(0.97,1.03) | 1.01(0.98,1.04) | 1.04 (1.01,1.08)

35-40 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent)

aQUATmax = daily maximum universal apparent temperature; AMI = acute myocardial infarction; OR = odds ratio; C/ = confidence intervals.
Note. ORs were adjusted for atmospheric pressure, weather region, sex, age, race/ethnicity, particulate matter less than 2.5 pm, and source of treatment payment.

Our analyses showed subjects age 65 and
older had higher odds of AMI hospitalization,
which is consistent with previous findings by
Bhaskaran and co-authors (2010), Hopstock
and co-authors (2012), and Morabito and
co-authors (2005), showing the highest risks
and a same day effect in the elderly popula-
tion compared to delayed lag in other age
groups. The increased risk in older age can
be explained by the deterioration of effective
body thermoregulation. Our findings of slight
but persistent increased AMI risks of cold tem-
perature among males compared to females is
supported by the studies of Wichmann and
co-authors in Denmark (2012), Kysely and
co-authors in Czech Republic (2009), and
Loughnan and co-authors in Australia (2008).
This gender difference may be explained by
occupational exposure in winter by men as
men are more likely than women to work out-
doors. Other studies reported contradictory
findings, however, with increased risks among
women (Barnett et al., 2005; Panagiotakos et
al., 2004). Our study also found that people
using Medicaid were more susceptible to the
cold effect on THD, which is supported by
prior studies identifying low socioeconomic
status as a risk factor of vulnerability to cold
(Wichmann et al., 2012; Wolf et al., 2009). We
also found that warmer/southern areas of NYS
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(i.e., Binghamton, Western Plateau) showed
higher AMI risks to cold weather than other
areas, which is consistent with prior studies
showing increased vulnerability to cold days
in locations with higher mean temperatures
(Bhaskaran et al., 2009). No prior research has
assessed the modifying effect of air pollution
on cold-AMI to compare with our findings of
an interaction between PM, ;and cold weather
on AML

Study Strengths

This is one of the few studies examining the
association between cold weather conditions
and THD morbidity, especially AMI, over
a long period in NYS, a state with multiple
subclimate regions. The unique contribu-
tions of this project include comparing the
HD effects using different cold weather indi-
cators, in different temperature ranges during
winter, by different lag periods, short-term
vs. cumulative effects, and assessing different
subgroups of THD. Using UAT allowed us to
consider multiple weather factors including
temperature, dew point, and wind simultane-
ously. Since both health outcome and expo-
sure data (weather and air pollution data)
are objective, routinely collected datasets,
recall bias is unlikely. By examining potential
interactions between low temperature and

pollution/sociodemographics, we were able
to identify vulnerable populations, which is
useful for future adaptation planning.

Study Limitations

This study used hospital admission data as
health endpoints and thus may have captured
only the most severe IHD cases. To mini-
mize case under-ascertainment, we focused
on AMI, a condition that requires immedi-
ate medical attention and treatment through
hospital admission. Another limitation is that
meteorological data were obtained from fixed
monitoring sites, which assumes uniformity
across regions. Although some factors such
as daily activity patterns, family history of
IHD, seasonal weight gain, and sociodemo-
graphic factors are important confounders,
the case-crossover design automatically con-
trols for these factors by using cases as their
own controls. In addition, some factors such
as quality of housing, heating use, insulation,
and influenza are potential confounders that
are unavailable in our current study and will
be examined through surveys in the future.

Conclusion

The present study found that extreme low
UAT in winter was associated with increased
risk of AMI, especially during lag4-lag6,



but not associated with other IHD subgroup
diseases. We also found that low UATmax
in winter was a more sensitive indicator to
AMI than mean and UATmin. This study
also found that certain demographic groups
such as the elderly, males, people with Med-
icaid insurance, and people living in warmer
areas and areas with high PM_ . concentration
showed higher vulnerabilities to cold-AMI
effects than other groups. Further studies
should validate our findings by adjusting

heating and ventilation confounders. Inter-
ventions based on these findings, such as
targeting vulnerable areas/populations and
monitoring sensitive cold indicators and AMI
should be considered in climate change adap-
tation efforts. @
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» INTERNATIONAL PERSPECTIVES

Measurements of Arsenic in the
Urine and Nails of Individuals
Exposed to Low Concentrations
of Arsenic in Drinking Water From
Private Wells in a Rural Region of
Québec, Canada

A b St Fa Ct Chronic exposure to inorganic arsenic leads to an
increased risk of cancer. A biological measurement was conducted in 153
private well owners and their families consuming water contaminated
by inorganic arsenic at concentrations that straddle 10 pg/L. The
relationship between the external dose indicators (concentration of
inorganic arsenic in wells and daily well water inorganic arsenic intake)
and the internal doses (urinary arsenic—sum of As™, DMA, and MMA,
adjusted for creatinine—and total arsenic in toenails) was evaluated
using multiple linear regressions, controlling for age, gender, dietary
sources of arsenic, and number of cigarettes smoked. It showed that
urinary arsenic was associated with concentration of inorganic arsenic in
wells (p < .001) and daily well water inorganic arsenic intake (p < .001)
in adults, and with daily well water inorganic arsenic intake (p = .017)
and rice consumption (p = .022) in children (n = 43). The authors’ study

reinforces the drinking-water quality guidelines for inorganic arsenic.

Introduction

Exposure to arsenic primarily occurs via
food, drinking water, soil, and air (Kendall,
Bens, & Cobb, 2003). Cigarette smoking
is also a source of inorganic arsenic (Cui,
Kobayashi, Akashi, & Okayasu, 2008). In the
case of populations dwelling in the vicinity of
an important geological source of inorganic
arsenic, drinking water could represent the

76 Volume 78 o Number 6

most significant source of inorganic arsenic
exposure (Health Canada, 2006a).

Chronic exposure to inorganic arsenic in
drinking water can lead to an increased risk
of cutaneous, pulmonary, bladder, and hepatic
cancer (Ferreccio et al., 2000; Morales, Ryan,
Kuo, Wu, & Chen, 2000; Rossman, Uddin,
& Burns, 2004; Steinmaus, Yuan, Bates, &
Smith, 2003). To limit such cancer risks, a
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guideline or a standard of 10 pg/L for pub-
lic drinking water supplies has been adopted
by different organizations (Health Canada,
2006b; U.S. Environmental Protection Agency,
2001; World Health Organization, 2003).
This level is not enforceable, however, for pri-
vate wells in the province of Québec, Canada
(Gouvernement du Québec, 2008).

Levels of arsenic and its metabolites in
urine and nails have been used as biomark-
ers of short-term (Agency for Toxic Sub-
stances and Disease Registry, 2007) and
long-term arsenic exposure (Orloff, Mistry,
& Metcalf, 2009), respectively. Various stud-
ies have demonstrated a correlation between
these biomarkers and the inorganic arsenic
exposure via contaminated water (Agusa et
al., 2009; Caceres et al., 2005; Gault et al.,
2008; Hinwood et al., 2003; Kendall et al.,
2003; Mandal, Ogra, & Suzuki, 2003; Meza,
Kopplin, Burgess, & Gandolfi, 2004; Sun et
al., 2007; Uchino, Roychowdhury, Ando, &
Tokunaga, 2006). Almost all of these cor-
relations were established, however, using
median well water inorganic arsenic levels
exceeding 50 pg/L. Few studies have estab-
lished a clear relationship between lower
levels and the consumer’s internal dose after
controlling dietary sources; solid food is a
major contributor to urine arsenic levels
(Clayton, Pellizzari, Whitmore, Perritt, &
Quackenboss, 1999).
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The objectives of our project were as
follows:

1. Conduct a biological measurement study
of inorganic arsenic exposure in a popu-
lation living in Abitibi-Témiscamingue,
Québec, a rural area where groundwater is
affected by a natural geological source of
arsenic.

2. Evaluate variations in the internal doses
of inorganic arsenic in terms of the vari-
ous well contamination levels, the external
dose, and other potential sources of arsenic
(primarily diet).

Materials and Methods

Study Population

Our study concerns a population of private
well owners and their families living in the
Abitibi-Témiscamingue region of Québec,
Canada.

Recruitment of Subjects

On the basis of a previous screening campaign
three groups of private wells were estab-
lished: group 1 with inorganic arsenic levels
<10 pg/L, group 2 with inorganic arsenic lev-
els 10-20 pg/L, and group 3 with inorganic
arsenic levels =20 pg/L (Poissant, 1997). Of

the 400 households initially available for
the first group, 150 were randomly selected.
For the second group, all of the 67 potential
households were contacted. The 121 poten-
tial households from the third group and 18
new households were all included.

To be eligible, interested individuals had to
live in a home supplied by a private well, had
to drink or use this water for preparing bever-
ages and food for at least one month, and had
to be seven years of age or older. Those who
had an arsenic treatment system, who were
occupationally exposed, or who consumed
homeopathic medications or herbal dietary
supplements were excluded. Pregnancy, kid-
ney or liver diseases, and active cancer were
also considered as exclusion criteria. Partici-
pants were recruited via telephone.

Variables and Data Collection
During a first home visit, a water sample
of 125 mL was collected from the most fre-
quently used tap in an opaque amber bottle
containing 1.25 mL of ethylenediaminetet-
raacetic acid (EDTA) 0.25M. The samples
were then kept at 4°C until analysis.

Two questionnaires regarding partici-
pant lifestyle and dietary habits (Bouchard,
Normandin, Levallois, & Ayotte, 2007a;

Bouchard et al., 2007b) were distributed to
each participant.

In the lifestyle questionnaire, participants
were asked to estimate their usual daily well
water consumption in the past year, includ-
ing all types of beverages prepared with well
water (i.e., number of servings equivalent to
250 mL). Age, gender, and smoking habits
were then recorded.

The diet questionnaire was self adminis-
tered during the two days prior to biological
sampling. This questionnaire was designed
to quantify the portions of inorganic arse-
nic—contaminated (rice, breakfast cereals,
and pasta; based on the equivalent portion
presented for each), and organic arsenic—
contaminated foods (chicken, fish, seaweed,
shellfish, and mushrooms) (Hughes, 2000).
The participants were also asked to record
their well water consumption (i.e., number
of servings), including water alone or bever-
ages prepared with well water.

These two questionnaires, the first morn-
ing void urine, and nail clippings from the
big toes were collected from the participant
during a second visit. Urine samples were
then frozen (-20°C) and toenails refrigerated
(4°C) until analysis.

Data Analysis

Water samples were analyzed with a high
performance liquid chromatography with
inductively coupled argon plasma mass
spectroscopy (Centre d’Expertise en Analyse
Environnementale du Québec, 2008; Garba-
rino, Bednar, & Burkhardt, 2002). All chemi-
cals were American Chemical Society—certi-
fied quality. The determination of trivalent
arsenic (As™) and pentavalent arsenic (As")
was done to look for varying toxicological
properties of these forms in further analysis.
This speciation raised the limit of detection
(LD) to 5 pg/L for each chemical forms, an
effect that was controlled by a sensitivity
analysis (see Discussion).

As for the biological samples, the two
forms of urinary inorganic arsenic (As™ and
AsY) and their metabolites (MMA and DMA),
as well as arsenocholine and arsenobetaine
were all measured (Calderon, Hudgens, Sch-
reinemachers, & Thomas, 1999). Total arse-
nic concentrations were measured in the toe-
nail samples. Gas chromatography extraction
and inductively coupled plasma-mass spec-
trometry (ICP-MS) identification procedures
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(Belanger & Dumas, 2010) were used for the
analysis of the biological samples. The LDs
for urinary arsenic and toenail arsenic were
0.7 pg/L and 0.1 pg/g, respectively. Urinary
creatinine was measured using colorimetry
(Jatfe, 1886).

An imputed value of LDAV/(2) was used for
water or biological samples with levels below
the LD. The concentration of inorganic arse-
nic in wells was determined by adding the
As™ and AsV concentrations. The internal
doses were estimated by urinary and ungual
arsenic concentrations. Urinary arsenic con-
centration was calculated by adding As™,
DMA, and MMA, adjusted for creatinine.
External doses were estimated by the con-
centration of inorganic arsenic in wells and
the short- and long-term inorganic arsenic
daily intakes from well water that were cal-
culated by multiplying inorganic arsenic in
wells (pg/L) with the mean daily well water
consumption (L) in the two days prior to
sampling, in the first case, and the usual daily
well water consumption (L) on an annual
basis, in the second case.

Descriptive statistics, including Chi squared
distribution analysis and Fisher’s test, were
used to compare sociodemographic charac-
teristics in the three groups. Analysis of vari-
ance was performed to compare the geometric
mean internal dose among the three exposure
groups. T-tests were used to compare variation
of these levels depending on water uses (i.e.,
drinking or using this water for preparing bev-
erages vs. using this water only for preparing
food) in the two days prior to sampling or the
average daily well water consumption in the
past year.

The relationship between the external
dose indicators and the internal doses was
evaluated using multiple linear regres-
sions, controlling for potential confound-
ing variables (age, gender, dietary sources
of arsenic, number of cigarettes smoked).
The short-term dally well water inorganic arse-
nic intake was used as an independent vari-
able in models with urinary arsenic and
the long-term daily well water inorganic
arsenic intake in models with toenail arse-
nic. The multiple linear regression analyses
performed with urinary arsenic were also
repeated excluding those participants with
significant organic arsenic exposure, as esti-
mated by the presence of detectable arseno-
choline and arsenobetaine in their urine.
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Sociodemographic Characteristics of Participants (Adults and
Children) by Exposure Group
Groups® Adults (n = 261) Children (n = 43)
Group Group Group Group Group Group
1 2 3 1 2 3
n 126 55 80 20 12 11
Age groups (%)
7-12 years - - - 65 33 36
13-17 years - - - 35 67 64
18-44 years 31 33 31 - - -
45-64 years 55 6 53 - - -
65 and over 14 7 16 - - -
p-Value® 649 140
Gender (%)
Male 42 53 4 50 42 27
Female 58 47 59 50 58 73
p-Value 3440 .486°
Last year of education completed (%)
Primary 14 11 20 75 33 45
Secondary 47 49 52 25 67 55
Junior college or vocational 18 25 23 - - -
University 21 15 5 - - -
Data missing 1 - - - -
p-Value® 072 .049
Active smoker (%)
Yes (n) 21 (26) 16 (9) 23(18) 0(0) 0(0) 18(2)
No (n) 79 84 (46) | 78(62) 100 100 82(9)
(100) (20) (12)
p-Value® .679 .061
aGroup 1: <10 pg arsenic/L water; group 2: 10-20 pg arsenic/L water; group 3: >20 pg arsenic/L water.
Determined using Pearson Chi-square test.
°Determined using Fisher's test.

This strategy has been proposed as the best
way to control the influence of organic
arsenicals of marine origin (arsenosugars
and arsenolipids) on urine DMA (Navas-
Acien, Silbergeld, Pastor-Barriuso, & Gual-
lar, 2009). The logarithmic conversion of
variables was carried out as required in the
regression analysis. Results were considered
statistically significant when p < .05. Data
were analyzed using SPSS version 17.0.

Ethical Considerations
Our project was approved by Health Cana-
da’s research ethics board and by the human

research ethics board at the Centre Hospital-
ier Universitaire de Sherbrooke.

Results

Of the 356 households initially available, 153
were included in our study (see flow chart in
Figure 1). In terms of participants, 489 indi-
viduals were available for the study in the
households contacted, but 71 were uninter-
ested, 69 were ineligible, and 54 withdrew
because they changed their mind during
the interval between the phone call and the
home visit. In the end, 304 participants were
recruited, including 43 children.



TABLE 2

Distribution of Urinary and Toenail Arsenic (As) Among Participants

Distribution Urinary As? Urinary Toenail As (pg/g)
(ng/L) Arsenocholine +
arsenobetaine (pg/L)

Adults Children Adults Children Adults Children

n = 261 n=43 n =261 n=43 n =261 n=43
5th percentile 2.49 3.23 0.50 0.50 0.07 0.14
95th percentile 34.23 22.70 81.6 18.60 0.89 1.37
Arithmetic mean 12.66 8.93 26.55 3.33 0.28 0.48
Standard deviation 26.23 5.64 281.39 7.92 0.30 0.37
Geometric mean 8.06 7.53 1.89 0.97 0.20 0.37
Median 7.70 7.39 1.00 0.50 0.18 0.30
Missing data (n) 1 0 1 0 5 1
Data below limit of - - 113 30 55 1
detection (1 [%]P) (43.5%) (69.8%) (21.2%) (2.4%)
“Urinary As = X (MMA + DMA + As").
°Percentage indicated: number of values below the limit of detection/total number of samples analyzed.

The three exposure groups were similar in
terms of age group, male-to-female ratio, and
smoking status (Table 1). The average length
of residence of participants at their current
address was 17.2 years (range: 1-24).

External Doses

A difference existed between the usual daily
well water consumption (L/day) on an annual
basis among the three adult groups (group 1:
1.24; group 2: 1.41; group 3: 0.67; p < .001).
A difference also occurred between the mean
daily well water consumption in the two
days prior to sampling among the three adult
groups and the three children groups.

The concentration of inorganic arsenic in
wells had a log-normal distribution with an
arithmetic mean of 22.77 pg/L (n = 153), a
geometric mean of 14.18 pg/L, and a median of
10.54 pg/L. Data were below the LD in 70 wells
(46% of samples) for both As™ and As", and the
highest concentration was 193.54 pg/L.

Internal Doses

Urinary arsenic and toenail arsenic distribu-
tions are described in Table 2. Practically all
the values in the form of DMA were above the
LD in adults (98.5%) and children (97.7%).
By contrast, practically all the values for As"
were below the LD in adults (98.1%) and
children (100%).

In total, 21.1% of adults and 2.4% of chil-
dren had toenail arsenic concentrations below
the LD.

Relationships Between Internal
and External Doses

Bivariate Analysis

A statistically significant difference between
the geometric mean urinary arsenic (pg/g cre-
atinine) among the three exposure groups was
observed in adults (group 1: 5.83; group 2:
8.93; group 3: 11.67; p < .001) but not in chil-
dren (group 1: 6.12; group 2: 6.52; Group 3:
7.59; p=.585). A statistically significant differ-
ence was observed in urinary arsenic between
adults who drank well water in the two days
prior to sampling and those who only use this
water for preparing food in groups 2 and 3 (p
=.042 and p < .001, respectively).

With regard to toenail arsenic (ug/g), a
statistically significant difference occurred
among the three groups for both adults
(group 1: 0.130; group 2: 0.210; group 3:
0.358; p < .001) and children (group I:
0.305; group 2: 0.308; group 3: 0.656; p =
.034, respectively). For adults, only group 3
showed toenail arsenic concentrations that
were significantly higher for those who nor-
mally drink well water compared with those
who did not (p = .013).

The correlation between urinary arsenic
and toenail concentration in adults was 0.34
(p<.001).

Multivariate Analyses

An analysis of residuals of regression dem-
onstrated diverging observations that were
apparently due to lobster consumption in
the two days prior to sampling. Each serv-
ing of lobster increased urinary arsenic by
133.7 pg/L on average (see coefficient; model
A; Table 3). Consumption of one serving of
crab in the two days prior to sampling also
increased urinary arsenic concentration by
25.7 pg/L (p = .022) (data not shown).

A second regression model was generated
by excluding the seven participants (2.7% of
the total sample) who consumed lobster or
crab in the two days prior to sampling (model
B). As in the case of the first model, the short-
term daily well water inorganic arsenic intake
was the only independent variable having a
significant impact on the urinary arsenic con-
centration. At this level, however, it was the
effect of fish that was more obvious, with one
serving of fish increasing urinary arsenic by
7.6 pg/L (p = .001).

A final model was developed by withdraw-
ing all 146 participants (56% of total sample)
who had detectable arsenocholine or arseno-
betaine in their urine. The short-term daily
intake remained related to urinary arsenic (p <
.001; model C). The tight control over dietary
sources of arsenic in this model allowed us to
isolate the direct influence of inorganic arsenic
in wells on urinary arsenic (p < .001; model
C). Women had about 4 pg/L more urinary
arsenic than men on average (p < .001).

In children, the basic regression model
accounted for 35.9% of the total variation
of urinary arsenic (p = .002) in part owing
to the contribution of the short-term daily
well water inorganic arsenic intake (p = .017;
model D, Table 3) and food containing arse-
nic; one serving of rice increased urinary
arsenic by 8.5 pg/L on average. Each addi-
tional year of age decreased urinary arsenic
by a little less than 1 pg/L.

With regard to toenail arsenic, the basic
regression model accounted for 45.0% of the
total toenail arsenic variation in adults after
logarithmic transformation of toenail arsenic
concentrations (p < .0001; model E, Table 4).

After excluding 12 extreme values, a
restricted model accounted for 61.9% of the
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total toenail arsenic variation (p <.001; model
F). As in the former model, the concentration
of inorganic arsenic in wells and long-term
daily intake were still statistically significant
for explaining variability in the total toenail
arsenic concentration (p < .001 and p = .002,
respectively). Total toenail arsenic decreased
significantly with age (p <.001).

In children, the regression model using log-
arithmically transformed variables accounted
for 29.1% of the total toenail arsenic varia-
tion (p = .004; model G; Table 4). Inorganic
arsenic in wells was the only independent
variable statistically significant for explain-
ing this variability (p = .001 ). The older the
child, the lower the toenail arsenic concen-
tration (p = .042).

Discussion

Compared with median exposures that
were measured in the 2003-2004 National
Health and Nutrition Examination Survey
(NHANES) study in the U.S. (Navas-Acien,
Silbergeld, Pastor-Barriuso, & Guallar, 2008),
the participants in our study were more
exposed to inorganic arsenic than the general
U.S. population based on the results obtained
in adults for comparable forms (for DMA,
5.70 pg/L vs. 3.0 pg/L, respectively). By con-
trast, our participants were less exposed to
arsenic than Native American adults living
in communities of Arizona served by public
water systems with inorganic arsenic levels
from less than 10 to 61 pg/L (median of uri-
nary total arsenic concentrations: 7.70 pg/L
vs. 18.6 ng/L, respectively; Gribble et al.,
2012). For adults in our study, a statistically
significant difference existed in the mean uri-
nary arsenic concentration across the three
groups of wells. This difference was also seen
in long-term exposure, as measured in toe-
nail concentrations in both adult and child
participants.

For the multiple linear regressions, it is
noteworthy that lobster, crab, and fish influ-
enced urinary arsenic in adults. Excluding
participants with detectable urinary arseno-
choline or arsenobetaine increased the
strength of the association between urinary
arsenic and short-term daily well water inor-
ganic arsenic intake while highlighting the
direct effect of the concentration of inorganic
arsenic in wells. These two independent vari-
ables mutually accounted for 85.5% of the
total variation in the model (p < .001) once
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| TABLE 3

Model A in adults: R = .729, p < .0001, n = 260

Multiple Linear Regression Models Between Urinary Arsenic? and
External Dose Indicators® by Age Group

Variables Nonstandardized p-Value
Coefficient

Short-term daily intake (ug/d) 0.300 <.001
Gender (men = 0; women = 1) 4.097 .001
Age 0.067 135
Mean lobster consumption in the two days prior to sampling 133.687 <.001
(servings/day)

Model B in adults: R? = .567, p < .0001, n = 253
Short-term daily intake (ug/d) 0.301 <.001
Gender (men = 0; women = 1) 4153 <.001
Age 0.007 .837
Mean fish consumption in the two days prior to sampling 7.642 .001
(servings/day)

Model C* in adults: R?> = .855, p < .0001, n=114
Short-term daily intake (ug/d) 0.379 <.001
Arsenic concentration in well (ug/L) 0.087 <.001
Gender (men = 0; women = 1) 3.550 .001
Age -0.029 423

Model D in children: R? = .359, p=.002, n= 43
Short-term daily intake (ug/d) 0.294 .017
Gender (boys = 0; girls = 1) 2.749 .056
Age -0.853 .002
Mean rice consumption in the two days prior to sampling 8.504 .022
(servings/day)

their urine.

23 (MMA + DMA + Aslll) corrected for urinary creatinine (ug/g Cr*L).
®Inorganic arsenic concentration in well water or short-term daily well water inorganic arsenic intake.
cAfter withdrawing all 146 participants (56% of total sample) having detectable arsenocholine or arsenobetaine in

combined with age and gender (model C).
While it could be suggested that the inde-
pendent influence of gender in the regression
models could be caused by gender differences
in arsenic metabolism, in fact, it cannot be
an explanation here considering that urinary
arsenic is the sum of inorganic arsenic and
methylated arsenic species in urine. Smoking
did not contribute to measured internal doses
as seen in other studies (Karagas et al., 2000,
Marano et al., 2012).

In adults, the model for toenail arsenic
shows the concentration of inorganic arsenic
in wells and the long-term daily well water
inorganic arsenic intake as independent
variables (R* = .619; model F). This high R
is consistent with studies suggesting that
toenail arsenic is a useful marker for low

concentrations of inorganic arsenic (Karagas
et al., 2000; Slotnick & Nriagu, 2006, Slot-
nick, Meliker, AvRuskin, Ghosh, & Nriagu,
2007). The good relationship between toe-
nail arsenic and inorganic arsenic in wells is
also consistent with a study reporting that
toenail arsenic levels are primarily inorganic
arsenic (Mandal, Ogra, & Suzuki, 2001).
Although no speciation occurred in toenail
arsenic, it is reasonable to expect that the
excluded participants’ exposure was in fact
dietary: the inorganic arsenic in their well
water was below the LD; and even if fish,
seafood, or seaweed are especially known for
their high arsenic content in organic forms,
they can nevertheless contain an appreciable
amount of inorganic arsenic (up to 10% in
the case of mollusks; Food and Drug Admin-




KBI_E 4

Multiple Linear Regression Models Between Toenail Arsenic® and

External Dose Indicators® by Age Group

Variables Nonstandardized p-Value

Coefficient

Model E in adults: R? = .450, p < .0001, n = 256
Arsenic concentration in well (log [pg/L]) 0.577 <.001
Long-term daily intake (log [pg/d]) 0.071 .014
Gender (men = 0; women = 1) 0.030 372
Age -0.006 <.001

Model F¢ in adults: R? = .619, p < .0001, n=244
Arsenic concentration in well (log [ug/L]) 0.636 <.001
Long-term daily intake (log [pg/d]) 0.069 .002
Gender (men = 0; women = 1) 0.014 .602
Age -0.006 <.001

Model G in children: R? = .291, p=.004, n= 42
Arsenic concentration in well (log [ug/L]) 0.435 .001
Gender (boys = 0; girls = 1) -0.058 511
Age -0.033 .042

¥(log [Hg/g]).

®Inorganic arsenic concentration in well water or long-term daily well water inorganic arsenic intake.

°After withdrawing 12 participants (4.7% of total sample) with extreme values.

istration, 1993; Gagnon, Tremblay, Rouette,
& Cartier, 2004).

The children in our study seem to be less
exposed than children aged 6-12 years old
from agricultural areas in Mexico (sum of
urinary As™, As¥, MMA, and DMA: arithme-
tic mean of 8.93 pg/L vs. 30.9 pg/L, respec-
tively; Meza-Montenegro et al., 2013). In the
Mexican children, food consumption or dust
inhalation may be more important routes of
arsenic exposure than drinking water (Rob-
erge et al., 2012). For children in the pres-
ent study, the total variation in urinary arse-
nic and toenail arsenic determined through
modeling was lower than in adults (R*=.359
and p = .002 for model D in Table 3; R*= .291
for model G in Table 4). A better methylation
capacity in children may explain this for toe-
nails (Sun et al., 2007). It is also difficult for
them to estimate their water consumption.
A larger proportion of water intake by chil-
dren may also come from outside their home
(school, neighborhood).

With regard to the child participants, it was
interesting to observe that age was inversely
related to internal dose as measured in urine
or toenails. This could be explained by greater

inhalation of inorganic arsenic contaminated
dust by younger children; the soil of the region
is naturally rich in inorganic arsenic. With
regard to urine, the inverse relationship could
also be caused by correction measurements,
since urinary creatinine is higher in adoles-
cents than in children owing to their greater
muscle mass. In adults, the inverse relation-
ship observed between age and toenail inter-
nal dose may well be due to lower consump-
tion of fish and seafood by older people.
Generally, internal arsenic doses were
associated with indicators of external doses
whose inorganic arsenic concentrations were
measured in the participants’ wells even
at concentrations that straddle 10 pg/L. In
group 1, no significant difference in urinary
arsenic concentration was observed in people
who drank well water in the two days prior to
sampling and those who only used this water
for preparing food. Overall, we could con-
sider as nonclinically significant the differ-
ence between the mean concentration of uri-
nary arsenic in participants of the first group
of wells and a comparable group of citizens
(n = 328) in another sector of the same area
served by a noncontaminated water supply

system (6.9 ng/L vs. 4.6 pug/L; Gagné, 2007).
This suggests that for users of wells with
arsenic concentrations less than 10 pg/L,
consuming well water represented a negligi-
ble contribution in comparison with all other
sources of exposure to inorganic arsenic, and
it is not an argument for an even more restric-
tive guideline. Moreover, a recent study has
shown that mean aggregate inorganic arsenic
intake among subjects living in homes with
tap water arsenic < 10 pg/L, 5 pg/L, and 3
pg/L was similar, with >54% of this exposure
from food (Kurzius-Spencer et al., 2014).

The strengths of our study are the random
selection of households in group 1 and the
exhaustive recruitment of households in
groups 2 and 3, the high participation rate
(74.9%, or 373 of the 489 potential partici-
pants before exclusion of ineligible individu-
als), and the fact that our study considered
not only drinking water but also water used
to prepare food and beverages. The 71 unin-
terested individuals did not differ from par-
ticipants in terms of gender, age group, edu-
cation, and historical inorganic arsenic level
in their well (p > .05).

The percentage of values below the LD (par-
ticularly for water samples) had a very small
effect on the results. First, the comparisons
between the geometric mean of internal doses
among the three exposure groups were not
influenced by the LD. Second, for the regres-
sion models, a sensitivity analysis was done
after excluding participants with well water
results below the LD; for all these additional
analyses, the coefficients were similar and the
results remained statistically significant (data
not shown). Third, the relative weight of wells
with arsenic below the LD for the exposure
charge in the models is relatively modest (i.e.,
13% after applying the contamination level of
LDA (2) to the 70 wells concerned, the arith-
metic mean of 23 pg/L to the other wells, and
assuming a uniform distribution of partici-
pants among the 153 households.

Conclusion

The results of our study confirm that con-
centrations of inorganic arsenic in wells con-
tribute significantly to human exposure to
inorganic arsenic and hence reinforce the rec-
ommendation for drinking water issued by
the U.S. Environmental Protection Agency,
the World Health Organization, and Health
Canada regarding this contaminant. @
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Health Risk Assessment Research
on Heavy Metals Ingestion
Through Groundwater Drinking
Pathway for the Residents in
Baotou, China

A b St Fa Ct Drinking groundwater is a significant pathway for
human exposure to heavy metals. To evaluate the health effect of some
heavy metals ingestion through the groundwater drinking pathway, the
authors collected 35 groundwater samples from the drinking water wells of
local residents and the exploitation wells of waterworks in Baotou, China.
The monitoring results indicate that the groundwater had been polluted by
heavy metals in some regions of the study area. A health risk assessment
model derived from the U.S. Environmental Protection Agency was used to
determine the noncarcinogenic and carcinogenic effects to residents who
drink groundwater. All the respondents in the study area were at potential
risk of carcinogenic health effects from arsenic when using the lowest safe
standard for carcinogenic risk (1E-06). The hazard quotient values for
noncarcinogenic health risk of arsenic exceeded 1 in 14.3% of the sampling
wells in the study area. The research results could provide baseline data for

groundwater utilization and supervision in the Baotou plain area.

Introduction ent, groundwater pollution in some regions of

Groundwater is an important water resource
in China. The current groundwater exploita-
tion quantity accounts for 18% of the total
water supply, and 65% of the domestic water
is from groundwater in north China. At pres-

84 Volume 78 ¢ Number 6

China has become increasingly prominent with
accelerated urbanization and industrialization
processes. According to the Bulletin of Chinese
Environment in 2012, the monitoring wells with
water quality at the poor and very poor grades
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accounted for 40.5% and 16.8%, respectively,
among the 4,929 groundwater monitoring
wells in 198 prefecture-level administrative
regions of China (China Ministry of Envi-
ronmental Protection [MEP], 2013). The
concentrations of heavy metals in groundwater
in some monitoring wells exceed the ground-
water quality standard of China, and the main
pollutants are chromium, cadmium, lead, and
mercury in the north plain of China (China
MEP, 2013).

Heavy metals are discharged from various
industries such as storage batteries, textiles,
pigment, fertilizer, plastic, ceramic and glass
manufacturing, mining, electroplating, and
metallurgical processes (Montazer-Rahmati,
Rabbani, Abdolali, & Keshtkar, 2011). Heavy
metals can be accumulated along the food
chain, which can pose a risk to animals and
humans (Barakat, 2011; Nguyen et al., 2013;
Yang, Zhao, Xing, & Lin, 2013; Zhu, Han, Bi,
& Yang, 2012). Heavy metal contamination
is a known causative of various disorders,
and the exposure to heavy metals can cause
damage to many parts of human bodies if the
safe thresholds are exceeded (Hashim, Muk-
hopadhyay, Sahu, & Sengupta, 2011; Khan,
Malik, & Muhammad, 2013; Nguyen et al.,
2013; Zhao et al., 2014).
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Drinking groundwater is a significant
pathway of human exposure to heavy met-
als, and long-term exposure to heavy metals
can cause damage to human health. Expo-
sure to heavy metals in drinking water can
result in serious health effects, including
reduced growth and development, cancer,
organ damage, circulatory and nervous sys-
tem damage, and in extreme cases, death
(Barakat, 2011).

Baotou is not only an important base of
heavy industry of north China, but also the
biggest industrial city of the Inner Mon-
golia autonomous region. Groundwater
is the main water supply in some regions
of Baotou, especially in the rural areas. At
present, the overall situation of groundwa-
ter pollution in Baotou is not optimistic,
and the groundwater pollution is serious in
some regions.

Evaluation of groundwater pollution con-
ditions and potential health risk of heavy
metals has great significance for the ground-
water utilization and supervision in Baotou.
The objectives of our study were (1) to inves-
tigate the groundwater contamination of arse-
nic, mercury, cadmium, chromium (VI), lead,
and other parameters in Baotou; and (2) to
assess the noncarcinogenic and carcinogenic
risks of local residents exposed to heavy met-
als through the groundwater drinking path-
way. To the best of our knowledge, the health
risk assessments of heavy metals exposure
through the groundwater drinking pathway
in Baotou has not been reported.

Materials and Methods

The Study Area
The Baotou plain terrain was selected as the
study area, which contains a total area of 768
km?. Baotou is an arid and semiarid region.
The yearly average precipitation is 306.5 mm,
and the yearly average evaporation is 2273.8
mm (Bai, Wang, & Meng, 2012). Baotou city
has a population of two million people, and the
main water supply sources are surface water
and groundwater. Baotou is an important iron
and steel industry base of China, and the cur-
rent dominant industries include steel and
aluminum, equipment manufacturing, electric
power, coal chemical, and rare earth metals.
Figure 1 shows the location of the study area.
The stratum of the study area mainly
includes the Archaeozoic metamorphic
rocks, the Mesozoic Jurassic sandstone and
conglomerate, and the Cenozoic Quaternary
unconsolidated sediments. The Quaternary
strata is widely distributed and closely asso-
ciated with the groundwater system of the
study area. The main aquifers in the study
area can be classified as confined and uncon-
fined aquifer, and the groundwater flows
from northeast to southwest. The broadly
distributed muddy clay exists between the
confined and unconfined aquifer, and the
confined aquifer has not been contaminated
at present. The unconfined aquifer consists
of Pleistocene to Holocene sand and gravel.
The thickness of unconfined aquifer is 20-30
m in the northern and central area, and 5-10

m in the southern area. The unconfined aqui-
fer recharges from lateral flow, precipitation
infiltration, irrigation and surface water, and
discharges by exploitation and evaporation.

Sample Collection and Analysis

The groundwater quality of Baotou had been
regularly monitored by the Environmental Pro-
tection Bureau and Environmental Monitor-
ing Station of Baotou since the 1990s. In this
research, the groundwater sampling sites were
located at the drinking water wells of local
residents and the exploitation wells of water-
works. Thirty-five groundwater samples were
collected from the wells of the study area in
July 2012 (Figure 1), and the collected samples
were analyzed by the Environmental Monitor-
ing Station of Baotou. Water was directly taken
out of the wells for drinking in the study area,
and the sampling wells served over 600 people
(approximately 17 people per well).

The groundwater samples were collected
from a tube well after 5-10 minutes of flush-
ing to remove any standing water from the
tube (Phan et al., 2010), then the collected
samples were preserved in an ice chamber
and immediately sent to the test department.
In this research, all the collected groundwa-
ter samples were analyzed in the laboratory
of Baotou Environmental Monitoring Sta-
tion. Arsenic and mercury in the groundwa-
ter samples were analyzed by atomic fluores-
cence spectrometry (China MEP, 2014). Iron
and manganese concentrations were deter-
mined by phenanthroline spectrophotometry
(China MEP, 2007a) and formaldehyde oxime
spectrophotometry, respectively (China MEP,
2007b). Lead concentrations were determined
by oscillopolarography (China MEP, 1992).
Cadmium in the groundwater samples was
analyzed by spectrophotometric method with
dithizone (China MEP, 1987a), and chromium
(VD) concentrations were determined by 1,5
dtphenylcarbohydrazide spectrophotometric
method (China MEP, 1987b).

Based on the analyzed results of the
groundwater samples, the data analysis was
performed by SPSS. Correlation analysis of
the 15 parameters was carried out using Ken-
dall’s tau coefficient.

Health Risk Assessment Model

A health risk assessment model derived from
the U.S. Environmental Protection Agency
(U.S. EPA) was used to determine the noncar-
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TABLE 1

The Values of Exposure Parameters of Health Risk Assessment in the Study Area

Ingestion Rate (Liters/ Exposure Frequency

(Days/Year)

Exposure Duration (ED)
(Year)

Body Weight (kg) Average Time

Expectancy (Day)

Day)
Values 1.8 350 30 60

70x365 (carcinogenic)
EDx365 (noncarcinogenic)

TABLE 2

Mean, Median, Standard Deviation, Minimum, and Maximum Values of Groundwater Samples Analyzed in
the Study Area
T

(mg/L)

6.5-8.5 7.699 7.620 0.186 7.42 8.20
Hardness 450 732.583 481.000 696.226 95.4 3240
Sulfate 250 390.829 163.000 1150.967 23 7060
Chlorine 250 354.491 182.000 697.145 23.600 3390
Nitrate 10 20.225 5.850 26.852 0.080 111
Nitrite - 0.011 0.009 0.009 0.003 0.039
Ammonium - 0.890 0.093 1.528 0.025 5.484
Iron 0.3 0.375 0.040 0.819 0.030 3.600
Arsenic 0.01 0.00408 0.00068 0.00680 0.00008 0.0238
Cadmium 0.005 0.000109 0.0001 0.000041 0.0001 0.00033
Chromium (VI) 0.05 0.008 0.004 0.016 0.004 0.096
Lead 0.01 0.00232 0.00208 0.00106 0.001 0.00497
Manganese 0.1 0.065 0.010 0.102 0.010 0.340
Mercury 0.001 0.00006 0.00006 0.000 0.000006 0.000006
Total dissolved solids 1000 1941.743 1130.000 2927.936 336.000 15700

cinogenic and carcinogenic effects to people
drinking groundwater. The formula to com-
pute the dose of pollutant ingestion is

CW X IR X EF X ED
BW X AT

EDI = @)

Where EDI represents the dose of pollut-
ant ingestion (mg/[kg-day]); CW represents
the pollutant concentration in groundwater
(mg/L); IR represents the groundwater inges-
tion rate (L/day); EF represents the expo-
sure frequency (day/year); ED represents
the exposure duration (year); BW represents
body weight (kg); and AT represents the aver-
age time expectancy (day).

The carcinogenic risk is computed by the
formula:

HI=EDIX SF (2)
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Where HI represents the carcinogenic
risk and SF represents the slope factor (mg/
kg-d)*.

The slope factor is the cancer risk per unit
of dose. The slope factor can be used to com-
pare the relative potency of different chemi-
cal substances on the basis either of chemical
weight or moles of chemical (U.S. Environ-
mental Protection Agency [U.S. EPA], 1992).
U.S. EPA (2000) established a theoretical
value of an excess acceptable lifetime cancer
risk that ranges from 1E-04 to 1E-06. U.S.
EPA (2000) usually requires remedial action
at locations where the calculated cancer risks
are greater than 1E-04.

The noncarcinogenic risk is computed by
the formula:

EDI

3)
RD

HQ =

Where HQ represents the hazard quotient,
and RID represents oral reference dose (mg/
kg-day).

The reference dose (RfD) is an estimate of a
daily exposure to the human population that
is likely to be without an appreciable risk of
deleterious effects during a lifetime (U.S. EPA,
1993). Doses less than the RfD are not likely
to be associated with adverse health risks, and
the probability of adverse effects in a human
population increases when the frequency or
magnitude of the exposures exceeding the
RID increases (U.S. EPA, 1993). If HQ equals
or exceeds one, concern may exist for poten-
tial exposure to site contaminants (U.S. EPA,
2000). U.S. EPA (2000) typically considers the
need for remedial action at locations where
the HQ values equal or are slightly greater
than one, and the remedial action is usually
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FIGURE 2

Distribution Maps of Iron (Fe), Manganese (Mn), Arsenic (As), and Chromium (Cr) (VI) Concentrations of
the Sampling Wells in the Study Area
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required at locations where HQ values signifi-
cantly exceed one.

In our study, a door-to-door investigation
was carried out to get the groundwater con-
sumption data in every household, and the
groundwater ingestion rate (IR) was com-
puted by the groundwater consumption and
the population. The exposure frequency (EF),
the exposure duration (ED), the body weight
(BW), and the average time expectancy (AT)
were determined by the recommended val-
ues of Beijing environmental site assessment
guideline (Beijing Municipal Administration
of Quality and Technology Supervision, 2009).
The evaluation parameters of the heavy metals
were acquired by the recommended value of
U.S. EPA (2005). RID values of arsenic, cad-
mium, chromium (VI), lead, and mercury are
0.0003, 0.0005, 0.003, 0.0014, and 0.0003,
respectively, and the SF value of arsenic is 1.5.
Exposure to arsenic (inorganic) can result in
noncarcinogenic and carcinogenic effects, and

the RfD and SF values of arsenic are recom-
mended by U.S. EPA. Table 1 shows the values
of exposure parameters of health risk assess-
ment in the study area.

Results and Discussion

Monitoring Results of Groundwater
Quality

The monitoring results and guideline values
of the main parameters in the study area are
shown in Table 2. The aesthetically based
guideline values for iron and manganese are
0.3 and 0.1 mg/L, respectively (China Minis-
try of Health, 2006). Based on the monitoring
results, the concentrations of lead, mercury,
and cadmium of the samples are less than
the drinking water quality standard of China.
Concentrations of sulfate, chlorine, nitrate,
iron, manganese, arsenic, and chromium (VI)
exceed the guideline values of the drinking
water quality standard of China. Over 17% of

the 35 sampling wells detected iron > 0.3 mg/L,
20% had manganese > 0.1 mg/L, 14.3% found
arsenic > 0.01 mg/L, and 2.9% had chromium
(VD) > 0.05 mg/L. Concentrations of iron,
manganese, arsenic, and chromium (VI) in
the groundwater samples ranged from 0.03 to
3.6 mg/L, 0.01 to 0.34 mg/L, 0.08 to 23.8 pg/L,
and 0.004 to 0.096 mg/L, respectively, and the
mean concentrations were 0.375 mg/L, 0.065
mg/L, 4.081 pg/L, and 0.008 mg/L, respec-
tively. The groundwater-polluted regions
include Xiheyan, Languiyaozi, Wanshuiquan,
Hangingba, Dongba, and Dengkou. Figure 2
shows the distribution maps of iron, manga-
nese, arsenic, and chromium (VI) concentra-
tions in the sampling wells of the study area.
The analytical results indicate that the
groundwater had been polluted by heavy
metals in some regions of the study area.
Based on the correlation analysis of the 15
parameters of the 35 samples, the positive
significant correlation between arsenic and
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| TABLE 3

Heavy Metals in the Study Area

Mean, Median, Minimum, and Maximum Values of Hazard Quotient and Computed Carcinogenic Risk of

Value Hazard Quotient Carcinogenic Risk
Arsenic Cadmium Chromium (VI) Lead Mercury (Inor- Arsenic
ganic)
Mean 0.39137 0.00628 0.07973 0.04768 0.00575 7.5E-05
Median 0.09397 0.00575 0.03836 0.05096 0.00575 1.8E-05
Minimum 0.00767 0.00575 0.03836 0.02055 0.00575 1.5E-06
Maximum 2.28219 0.01899 0.92055 0.10212 0.00575 4E-04
FIGURE 3
Distribution of the Computed Hazard Quotient (HQ) and Carcinogenic Risk (R) of Arsenic (As)
in the Study Area
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iron (r = .426, p < .01) and arsenic and man-
ganese (r = .389, p < .01) could be deter-
mined. Guo and co-authors (Guo, Guo, Jia,
Liu, & Jiang, 2013; Guo, Liu, et al., 2013)
suggested that high concentrations of iron
and manganese could be frequently found in
the arsenic-polluted groundwater in China.
The positive significant correlation between
arsenic and iron suggests that reductive dis-
solution of arsenic-rich iron (oxy) hydrox-
ides is a possible mechanism, driving arsenic
release to groundwater (Phan et al., 2010).

Risk Assessment of Arsenic, Mercury,

Cadmium, Chromium (VI), and Lead

The carcinogenic risk of arsenic was computed
by formula (2), and the hazard quotient of arse-
nic, cadmium, chromium (VI), lead, and mer-
cury was computed by formula (3). Based on the
computational results, none of the respondents
in the study area appeared to have carcinogenic
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and noncarcinogenic effects of cadmium, chro-
mium (VI), lead, and mercury, while the local
residents were at potential risk of carcinogenic
and noncarcinogenic effects of arsenic (Table 3
and Figure 3). The HQ values for noncarcino-
genic health risk of arsenic exceeded 1 in 14.3%
of the sampling wells in the Baotou plain area.
In addition, the HI values for carcinogenic risk
of arsenic were greater than 1E-04 in 20% of
the wells, which exceeded the highest safe stan-
dard for carcinogenic risk. All the respondents
in the study area were at potential risk to car-
cinogenic health effects of arsenic when using
the lowest safe standard for carcinogenic risk
(1E-06). The HI values for carcinogenic risk of
arsenic were greater than 1E-05 in 60% of the
wells. The arsenic-contaminated groundwater
was frequently used to irrigate crops in some
rural regions of the study area, and the actual
ingestion of arsenic might be higher than that
of the drinking pathway.

Arsenic is a known human carcinogen and
assigned to the Group I carcinogen by the
International Agency for Research on Can-
cer (IARC, 2013). The arsenic contamina-
tion of groundwater has increasingly been
recognized as a major global issue of con-
cern (Cho, Sthiannopkao, Pachepsky, Kim,
& Kim, 2011). Individuals can be exposed
to arsenic through several pathways, but
the most critical one is daily diet and drink-
ing water ingestion (Phan et al., 2010). The
increased exposure of arsenic is generally
associated with the incidences of cancer and
other public health hazards, and the occur-
rence of arsenic (mostly inorganic forms) in
groundwater has been documented in several
parts of the world including the U.S., Europe,
Australia, Southeast Asia, and several Latin
American countries (Chatterjee et al., 2010;
Luu, Sthiannopkao, & Kim, 2009; Nguyen,
Bang, Viet, & Kim, 2009; Phan et al., 2010).



At present, regional environmental pollu-
tion has become one of the vital factors restrict-
ing the economic development of Baotou. The
health risk of heavy metals exposure through
the groundwater drinking pathway in Baotou
has been recognized in recent years. To the
best of our knowledge, no other study exists
relating the groundwater pollution sources of
arsenic. Based on our research results, all the
respondents in the study area were at potential
risk to carcinogenic health effects of arsenic.
The causes of arsenic pollution in Baotou may
include geologic and human factors. At pres-
ent, the groundwater pollution sources cannot
be clearly determined, and the further studies
are needed in the future.

Conclusion
(1) Based on the analytical results, 17.1% of
the 35 sampling wells detected iron > 0.3

mg/L, 20% had manganese > 0.1 mg/L,
14.3% found arsenic > 0.01 mg/L, and
2.9% had chromium (V1) > 0.05 mg/L. The
groundwater in some regions of the Baotou
plain area had been polluted by heavy met-
als, and the strongly positive significant
correlation could be determined among
iron, arsenic, and manganese.

(2) The computational results indicate that
the respondents in the study area appeared
to have carcinogenic and noncarcino-
genic effects of arsenic. The HQ values
for noncarcinogenic health risk of arsenic
exceeded 1 in 14.3% of the sampling wells
in the study area. The HI values for carci-
nogenic risk of arsenic were greater than
1E-04 in 20% of the wells.

(3) All the respondents were at potential risk
of carcinogenic health effects of arsenic
when using the lowest safe standard for

carcinogenic risk (1E-006). If effective mea-
sures are not taken, cases of arsenic poi-
soning might be found in the future. The
research results could provide basic data
for the groundwater utilization and super-
vision in Baotou. £
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The Impact of Extremes
in Outdoor Temperature
and Sunshine Exposure

on Birth Weight
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Eric A.P. Steegers, MD, PhD

A b St ra Ct Following the “fetal origins of adult disease”
hypothesis, environmental determinants of birth weight regained interest.
The authors applied a detailed spatial-time exposure model for climatological
factors thought to affect fetal growth: seasonality, temperature, and sunshine.
Daily climatological data (29 stations) were linked to 1,460,401 term births
with an individual exposure matrix for each pregnancy. Linear regression
was utilized to determine effects of climatological factors on individual
birth weight and existing spatial variations in birth weight. In the
Netherlands substantial regional climatological differences exist. Summer
was associated with significantly reduced birth weight (16-19 g). Minimum
and maximum temperatures were significantly associated with increased
and reduced birth weight, respectively. Spatial birth weight differences
ranged from -11 to +25 g, with lowest birth weights in inland areas. The
authors demonstrate birth weight to be associated with climatological
factors; negative birth weight effects of maximum temperature exposure

confirm results from animal studies. Consequently, a climate footprint is

visible in the spatial birth weight differences.

Introduction

Over 2,000 years ago, Hippocrates had
already postulated effects of “warm and cold
winds, seasons, and changes in weather”
on health (Hippocrates, 1978). Currently, a
large body of evidence exists on the effects
of seasonality, ambient temperature, and sun-
shine exposure on adult health (Bhaskaran et
al., 2012; Lambert, Reid, Kaye, Jennings, &
Esler, 2002; Seretakis et al., 1997). Next to
adult health, many studies have also focused
on exposure to climatological factors in
the intrauterine period coinciding with the
advent of the “fetal origins of adult disease”
hypothesis (Barker, 2006; Strand, Barnett, &
Tong, 2011). In this context, specifically cli-
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matological determinants of birth weight are
of renewed interest as new modifiable factors
might be identified. In line with the “Barker
hypothesis” (Barker, 2006) these factors
might be useful for the development of strate-
gies that prevent possible disease in later life
(Lawlor, Leon, & Davey Smith, 2005; Murray
etal., 2000; Pereira, Cook, Haggar, Bower, &
Nassar, 2012; Strand et al., 2011; Torche &
Corvalan, 2010).

Seasonality, ambient temperature, and sun-
shine appear the most likely climatological
factors to influence birth weight (Lawlor et
al., 2005; Murray et al., 2000; Pereira et al.,
2012; Strand et al., 2011; Torche & Corva-
lan, 2010). Studies show inconsistent results,

Department of Obstetrics
and Gynecology
Erasmus University Medical Center

however, due to differences in methodology
and study size, little or no adjustment for
known confounders, and considerable dif-
ferences in exposure definitions (Lawlor et
al., 2005; Murray et al., 2000; Pereira et al.,
2012; Strand et al., 2011; Torche & Corva-
lan, 2010). As a result, no universal exposure
concept has emerged. Most studies use mean
temperature during pregnancy as the expo-
sure measure (Lawlor et al., 2005; Murray
et al., 2000; Pereira et al., 2012; Strand et
al., 2011; Torche & Corvalan, 2010), while
extremes during heat and cold waves are of
particular interest as they increase cardiovas-
cular mortality in adult deaths through blood
flow changes (Huynen, Martens, Schram,
Weijenberg, & Kunst, 2001). In contrast
for sunshine, cumulative rather than peak
exposure is of interest as it is thought that its
effect runs mainly through vitamin D (Urru-
tia & Thorp, 2012).

Here, we study the impact of temperature
extremes and cumulative sunshine on birth
weight, distinguishing among five exposure
windows: periconceptional; in the first, sec-
ond, and third trimesters of pregnancy; and
the day of delivery. We obtained geographi-
cally detailed climatological data that per-
mitted us to compute day-to-day individual
exposure patterns. The impact of climatolog-
ical factors on birth weight was then studied
using an individual exposure model, taking
into account the association between temper-
ature and sunshine exposure, and the com-
peting impact of other factors influencing
birth weight (Wilcox, 2010). The resulting
temporal-spatial relations were mapped to
demonstrate the contribution of the selected
climatological factors to existing regional dif-
ferences in birth weight.



v

FIGURE 1

Map of the Netherlands With the 29 Temperature Stations
and Their Catchment Areas in Shades of Grey

Methods

Patient Data

In this retrospective cohort study we derived
data on maternal factors and child factors
from the Netherlands Perinatal Registry. This
registry contains complete population-based
information of >97% of all pregnancies in the
Netherlands (Netherlands Perinatal Registry,
2011). Source data are collected during rou-
tine care by 94% of midwives, 99% of gyne-
cologists, and 68% of pediatricians including
100% of neonatal intensive care unit pediatri-
cians (www.perinatreg.nl) (Netherlands Peri-

natal Registry, 2011). The basis of the Nether-
lands Perinatal Registry has been extensively
described (Tromp, Meray, Ravelli, Reitsma, &
Bonsel, 2005). Furthermore, the registry has
been used in several recent studies (de Jonge
etal., 2013; von Schmidt auf Altenstadt, Huk-
kelhoven, van Roosmalen, & Bloemenkamp,
2013). Data used for our study were collected
between January 2000 and December 2008
(N = 1,620,126 births). We excluded mul-
tiple pregnancies (n = 35,326), births with
gestational age < 37 weeks or unknown (n
= 116,139), births with unknown parity or
neonate’s sex (n = 353 and n = 433, respec-

tively), and unknown or erroneous zip code
(n = 7,474). The final database consisted of
1,460,401 births.

Climatological Data

Daily maximum and minimum temperatures
(in °C) and sunshine (in hours) were derived
from 29 temperature stations throughout the
Netherlands (Figure 1). The catchment area
of each temperature station was based on
two-digit zip codes with an average popu-
lation of 182,228 per zip code area. Data
were obtained from the Royal Netherlands
Meteorological Institute (www.knmi.nl/index
_en.html).

Exposure Concept

From past evidence and biological consider-

ations (reproductive windows) (Lawlor et al.,

2005; Murray et al., 2000; Pereira et al., 2012;

Strand et al., 2011; Torche & Corvalan, 2010),

we derived five exposure windows with a min-

imal overlap between E1 and E2 (Figure 2):

o from three days before to three days after
conception, periconceptional (E1);

« from conception to 91 days (0-13 weeks)
after conception, first trimester (E2);

« from 92 days to 182 days (13-26 weeks)
after conception, second trimester (E3);

o from 183 days to 273 days (26-39 weeks)
after conception, third trimester (E4); and

« day of birth (E5).

Usually, the periconceptional period is
defined as four weeks before and eight weeks
after conception. As we assumed an acute
effect (if any) of temperature extremes specif-
ically, we used a window of three days before
and three days after conception.

Climatological exposure was defined as
follows: seasonality (captured by month of
birth), the daily measurement of minimum
and maximum temperature (with no consid-
eration of humidity), individually calculated
for each exposure window (E1-E5), and total
sunshine exposure (in hours) individually
calculated for windows E2-E4.

The computation of exposure started with
determining date of conception, which was
estimated from recorded information on
gestational age at birth and date of delivery.
The climatological exposure information was
subsequently projected on each pregnancy
individually for E1 to E5, providing an indi-
vidual exposure profile for each woman. Cli-
mate data were linked to individual records
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using the zip code. Date of delivery (a con-
secutive number from 1 to 3,288 for every
day in the study period) was used as a vari-
able to capture the secular trend of increasing
birth weight (Murray et al., 2000).

Although seasonality was captured by
month of birth, for convenience we mention
seasons in some parts of this article: winter
(January, February, March), spring (April, May,
June), summer (July, August, September), and
autumn (October, November, December).

Definition of Outcome and Maternal
and Child Factors
The main outcome was birth weight in grams.
Known maternal and child factors affecting
birth weight were also included. Maternal fac-
tors were parity (primiparous/multiparous),
ethnicity (western/non-western), maternal age
(continuous), and socioeconomic status (SES)
score based on zip code of residence. Since the
effect of maternal age on birth weight appears to
be inverse U-shaped (reduced birth weight for
the youngest and oldest mothers), we used the
quadratic value of maternal age as determinant.
As a proxy for neighborhood SES we used zip-
code-specific (publicly available) SES scores,
which are made available by the National Sta-
tistics Office (Web site in Dutch: www.scp.nl/
Organisatie/Onderzoeksgroepen/Wonen_Leef-
baarheid_Veiligheid/Lopend_onderzoek_van_
WLV/Statusscores). These SES scores are zip
code based and use individual data on, e.g.,
income, taxes, hours of work, and educational
level. The scores are approximately normally
distributed at the neighborhood level, where a
negative score represents a high SES.

Child factors were gestational age (six cat-
egories), presence of congenital anomalies
(yes/no), and neonate’s sex (male/female).

Analysis

Linear regression models were specified in a
predefined order. First, all maternal and child
factors and consecutive number of day of birth
were included as determinants (model 0). Next,
season (month of birth) was added (model 1).
In models 2 and 3, the temperature and sun-
shine exposure measures were then added.
Subsequently, we aimed to study regional dif-
ferences in mean birth weight attributable to
our climatological exposure measures using a
methodology from a previous study (Poeran
et al., 2014). We did so by studying the birth
weight difference between a dataset in which
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FIGURE 2
Exposition Model With Different Windows of Exposure and the
Selection of Exposure Measures Included in the Regression Model
Measure of Exposure
Minimum Maximum Total Sunshine
Window of Exposure Temperature Temperature Exposure in Hours
E1: 3 days before to 3 X X
days after conception
E2: from conception to 91 X X X
days after conception
E3: from 92 days to 182 X X X
days after conception
E4: from 183 days to 273 X X X
days after conception
E5: day of birth X X
| <‘: c‘+91 C‘+182 c+273
c3
L\ p g P g
« E2 E3 E4 |
E1 E5
C = conception; C-3 = conception minus 3 days; C+91/182/273 = conception plus 91/182/273 days; E1-E5 = windows
of exposure.

we allowed for the actual regional climatologi-
cal differences (original dataset) and a dataset
in which we (hypothetically) “eliminated” this
regional difference by substituting the mini-
mum and maximum temperature and sunshine
exposition by the national average, all other
things equal (duplicate dataset). We used
coefficients obtained from model 3 to predict
mean birth weight in this duplicate dataset.
The resulting regional differences (in grams)
between observed mean weight (including the
effect of climatological factors) and predicted
mean weight (excluding the effect of climato-
logical factors) are attributable to climatologi-
cal factors and are illustrated on a map of the
Netherlands per two-digit zip code. Because
of the cancellation of the effect of climatologi-
cal factors in the duplicate dataset, the differ-
ence in mean weight between the original and
duplicate dataset represents the regional differ-
ences in birth weight that are attributable to the
selected climatological factors.

The linear regression models were fitted
using SPSS version 20. SAS version 9.2 was
used with the GLM procedure to run model 3
and use its coefficients to predict birth weight

in a duplicate dataset. Maps were constructed
using ESRI ArcGIS version 9.3.

Results

Table 1 illustrates study population characteris-
tics, differences between subgroup mean birth
weight and overall mean birth weight, and
small for gestational age (SGA) prevalence per
subgroup (SGA, birth weight <10th percentile).
Subgroups with a significantly reduced mean
birth weight are women who are primiparous
(-88 g), <20 years (-197 g), non-western origin/
background (-92 g), with a low SES (-56 g);
and children who are born between 37 and 39
weeks of gestational age (-473 to -67 g), who
have congenital anomalies (-97 g), and are
female (-70 g). SGA prevalence was highest in
teenage pregnancies (maternal age <20 years,
14.1%), non-western women (13.5%), low SES
women (12.2%), and children born with a con-
genital anomaly (16.1%).

Differences in Temperature and
Sunshine Exposure by Region

Table 2 illustrates the regional and within-year
variation in temperature and sunshine expo-



TABLE 1

Study Group Characteristics: Subgroup Sizes, Subgroup Mean Birth
Weight Differences With Overall Mean Birth Weight, and Subgroup
Small for Gestational Age (SGA) Prevalence (%)

Characteristic Mean Subgroup % SGA
Birth Weight-
Mean Overall
Birth Weight?
Maternal Factors
Parity
Primiparous 660,797 -88 485 9.7
Multiparous 799,604 73 500 9.8
Maternal age
<20 years 23,594 -197 469 141
20-35 years 1,226,233 -2 497 9.6
>35 years 210,574 32 516 10.3
Ethnicity
Western 1,225,392 18 500 9.0
Non-western 235,009 -92 490 13.5
Socioeconomic status®
Low (<p20) 365,558 -56 504 12.2
Medium (p20—p80) 842,290 15 499 9.2
High (>p80) 252,553 33 490 8.2
Child Factors
Gestational age
37 weeks 87,505 -473 488 9.8
38 weeks 221,349 -237 468 9.8
39 weeks 361,621 -67 450 9.8
40 weeks 428,778 85 453 9.7
41 weeks 281,509 210 466 9.8
>42 weeks 79,639 282 476 9.7
Congenital anomalies
No 1,430,003 2 498 9.6
Yes 30,398 -97 581 16.1
Sex
Male 746,603 67 505 9.7
Female 713,798 -70 485 9.8
Year of birth
2000-2002 501,459 -14 501 10.3
2003-2005 488,010 5 501 9.7
2006-2008 470,932 497 9.1
aMean overall birth weight = 3,522 g, with SD = 500 g.
bStatus scores were cut off at the 20th (low socioeconomic status) and 80th (high socioeconomic status) percentile.

sure in the Netherlands. For convenience we
listed temperature and sunshine exposure
overall, and for three temperature stations sep-
arately: “de Kooy,” “de Bilt,” and “Maastricht”
located in the north, middle, and south of the
Netherlands, respectively. As expected, tem-
peratures are highest in summer and lowest in

winter. Sunshine exposure is highest in May/
June and lowest in December/January.

A difference of 1°C exists between the
northern (higher in January) and the south-
ern temperature stations (higher in July). In
the north, the temperature extremes appear
smaller, with more sunshine, particularly in

July with a difference of almost an hour per
day (7.4-6.6 = 0.8 hours).

Linear Regressions

Table 3 lists the linear regressions. In model
0 all determinants have a significant contribu-
tion to the model with the largest beta coef-
ficients for primiparous women (-169.8, con-
fidence interval [CI] -171.3, -168.4), children
born at 37 weeks (-552.3, CI -555.5, -549.1)
and 38 weeks (-324.1, CI -326.4, -321.9),
and female sex (-145.8, CI -147.2, -144.3). In
model 1, month of birth was added but did not
alter the beta coefficients of maternal and child
factors. No clear pattern in beta coefficients of
month of birth was observed. Temperature
exposure measures were added in model 2. A
clear pattern in months emerged with a highly
significant birth weight nadir in summer:
-18.4 g reduced birth weight in July and -18.5
g in August. Beta coefficients for temperature
exposure measures were small. For minimum
temperature only exposures during first, sec-
ond, and third trimester were significant with
beta coefficients ranging from -0.6 to 1.5. For
maximum temperature all exposure windows
had significant beta coefficients ranging from
0.4 (day of birth) to -2.2 (second trimester).
After adding sunshine exposure to model 3,
the summer nadir remained significant, but
with moderation of beta coefficients to -9.3 for
July and -11.1 for August. Sunshine exposure
demonstrated small yet significant effects (beta
coefficients 0.023 to 0.052). As opposed to the
emerging pattern of seasonality in model 2, no
further differences existed among the models,
implying combined (interacting) effects of
temperature and sunshine with seasonality.

Regional Birth Weight Differences

The regional birth weight differences ranged
from -11 to +25 g due to the selected cli-
matological exposures, with moderation of
these effects (i.e., increased birth weights) in
coastal areas (Figure 3).

Discussion

Birth weight is associated with the combined
effect of season and exposure to temperature
extremes and cumulative exposure to sun-
shine. We demonstrated small yet consistent
effects on top of known maternal and child
factors. The effects of seasonality alone were
initially modest (Table 3, model 1) but most
likely hid interacting effects of temperature
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and sunshine, illustrated by the clear pattern
in seasonality after inclusion of temperature
and sunshine in the model (Table 3, model
2 and 3). The result was an almost 20 g sig-
nificantly reduced birth weight in summer
months compared to January. We found
minimum temperature exposure in the sec-
ond and third trimester to be associated with
increased birth weight, maximum tempera-
ture exposure for all exposure windows to
be associated with reduced birth weight, and
cumulative sunshine exposure to be associ-
ated with an increased birth weight.

On the population level, significant regional
differences occurred in birth weight, attribut-
able to the selected climatological exposure
measures, ranging from -11 to +25 g (relative
to the observed birth weight). The detrimental
effect of maximum temperature in particu-
lar appears to be moderated in coastal areas
where fewer temperature extremes and more
sunshine hours exist. The superposition of
the observed effects with differential timing of
exposure explains the hitherto unexplained
or contradictory patterns in previous studies
(Strand et al., 2011).

Strengths and Limitations
An important strength of our study is the usage
of a validated national database (the Nether-
lands Perinatal Registry) with an almost com-
plete coverage of all pregnancies over a long
period of time (2000-2008), and detailed cli-
matological data from a nationwide network of
29 temperature stations, increasing the preci-
sion and generalizability of our results. More-
over, the relatively moderate Dutch climate
(with no real extremes) and the cohort of only
term births minimize the possibility of our
results being driven by a few cases. Additionally,
in comparison with previous studies, our study
model included an individual exposition model
covering the whole duration of pregnancy
including the periconceptional period (Lawlor
et al., 2005; Murray et al., 2000; Pereira et al.,
2012; Seretakis et al., 1997; Strand et al., 2011;
Torche & Corvalan, 2010). Other strengths
include the use of sunshine exposure, as most
studies do not include this in their model, and
the adjustment for SES. The latter is important
because with lower SES and poor housing qual-
ity it is less likely that a home and a person are
in a temperate environment.

One of the most important limitations of our
study refers to the time from exposure to out-
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KBI_E 2
Monthly Differences of Temperature (°C) and Sunshine
Temperature Temperature Temperature Sunshine Hours
Temperature station: All
Month
January 4.2 -16.8 15.9 2.2
February 42 -15.4 18.0 35
March 6.2 -20.7 22.2 4.4
April 9.6 -7.9 29.7 6.4
May 13.6 -15 32.6 7.2
June 16.1 0.9 34.7 7.3
July 17.9 3.7 37.1 6.8
August 17.7 4.4 37.8 6.0
September 15.3 0.5 31.3 53
October 11.2 -8.5 24.0 4.0
November 7.4 -7.2 19.4 2.2
December 4.0 -17.0 16.3 1.9
Temperature station: “de Kooy”
Month
January 4.8 -8.5 12.2 2.3
July 17.5 8.4 30.2 7.4
Temperature station: “de Bilt”
Month
January 43 -10.6 141 2.1
July 18.1 6.4 35.7 6.6
Temperature station: “Maastricht”
Month
January 3.9 -11.7 15.5 2.2
July 18.5 7.2 36.3 6.6
Note: Monthly differences of temperature and sunshine overall and for three temperature stations separately: “de Kooy,”
“de Bilt,” and “Maastricht” located in the north, middle, and south of the Netherlands, respectively.

come, i.e., in utero exposure and birth weight
several months later. We unfortunately did not
have information on intrauterine fetal growth,
which ideally would have been obtained from
ultrasound measurements. Its value may be
limited, however, as these measurements have
wide confidence intervals.

Another limitation regarding our analy-
sis is that, in line with our hypothesis, we
expected independent effects of tempera-
ture and sunshine exposure and adjusted for
both. As these could be correlated, however,
it would have been interesting to study sev-
eral other sequential additions of climatolog-
ical factors to the linear regression models,
e.g., first adding sunshine to the models and
then month of birth and temperature expo-

sures. As this would have easily resulted in
an excess of information we decided to show
only the orders in line with our hypothesis.

The same limitation refers to the effects of
minimum and maximum temperature expo-
sures. Although we included data on several
measures of climatological exposure, we did
not have data on other potentially impor-
tant measures such as temperature change,
humidity, or other pollutants. Similar to most
previous studies, another limitation is that
outdoor temperature does not reflect the true
exposition as a significant amount of time is
spent indoors, especially at times of extreme
temperature in winter.

Another potential source of error is a per-
son’s mobility as climatological data linked to




TABLE 3

Characteristic

Model 0
Beta Coefficient

Model 1
Beta Coefficient

Linear Regression Models With Regression Coefficients With 95% Confidence Intervals

Model 2
Beta Coefficient

Model 3
Beta Coefficient

Constant 3903.9 (3900.9, 3907.0)* 3900.0 (3896.1, 3903.8)** 4049.2 (4035.7, 4062.6)* 4019.0 (4004.0, 4033.9)*
Maternal factors
Parity
Primiparous -169.8 (-171.3, -168.4)* -169.8 (-171.3, -168.3)* -169.9 (-171.4, -168.4)* -169.9 (-171.4, -168.4)*
Multiparous Reference Reference Reference Reference
Maternal age”2 -0.17 (-0.18, -0.16)* -0.17 (-0.18, -0.16)* -0.17 (-0.18, -0.16)* -0.17 (-0.18, -0.16)*
Ethnicity
Western Reference Reference Reference Reference

Non-western

-90.0 (-92.1, -87.9)*

-90.0 (-92.1, -87.9)*

-91.0 (-93.1, -88.9)*

-91.4 (-93.5, -89.3)*

Socioeconomic status score

-17.9(-18.6,-17.1)*

7.9 (-18.6,-17.1)*

-18.1 (-18.8, -17.3)*

-18.0 (-18.7, -17.2)*

Child factors

Gestational age

37 weeks -552.3 (-555.5, -549.1)* -552.3 (-555.5, -549.0)* -552.2 (-555.4, -549.0)* -552.2 (-555.4, -549.0)*

38 weeks -324.1 (-326.4, -321.9)* -324.1 (-326.4, -321.8)* -324.1 (-326.4, -321.8)* -324.1 (-326.4, -321.8)*

39 weeks -152.5 (-154.4, -150.5)* -152.5 (-154.4, -150.5)* -152.4 (-154.4, -150.4)* -152.4 (-154.4, -150.5)*

40 weeks Reference Reference Reference Reference

41 weeks 127.7 (125.6, 129.8)* 127.7 (125.6, 129.8)* 127.6 (125.5,129.8)* 127.6 (125.5,129.7)*

>42 weeks 218.4 (215.0, 221.8)* 218.4 (215.0, 221.8)* 218.5 (215.1, 221.8)* 218.4 (215.1, 221.8)*
Congenital anomalies

No Reference Reference Reference Reference

Yes -74.6 (-79.6, -69.5)* -74.6 (-79.6, -69.5)* -74.3 (-79.4,-69.3) -74.3 (-79.3,-69.2)*
Sex

Male Reference Reference Reference Reference

Female -145.8 (-147.2, -144.3)* -145.8 (-147.2, -144.3)* -145.7 (-147.2, -144.3)* -145.7 (-147.2, -144.3)*

Climatological factors

Day of birth: consecutive
number in study period

0.010 (0.009, 0.010)*

0.010 (0.009, 0.010)*

0.010(0.010, 0.011)*

0.009 (0.009, 0.010)*

Month of birth Not in equation
January -
February - 2.4(-1.2,6.0) -1.3(-5.4,2.8) -0.3(-4.4,3.9)
March - 4.0(0.5,7.5 -4.4 (-9.3,0.6) -2.0(-7.1,3.1)
April - 5.6 (2.0,9.1)** -6.0 (-12.0, -0.1)*** -15(-7.7,4.7)
May - 6.7 (3.2,10.2)* -8.3 (-15.0, -1.6)*** -1.3(-8.4,5.7)
June - 5.2(1.7,8.8)* -16.1(-23.3, -8.9)* -7.5(-15.2,0.2)
July - 6.2 (2.8,9.7) -18.4 (-25.5,-11.2)* -9.3 (-17.0, -1.5)**
August - 3.0(-0.5,6.5) -18.5 (-25.5, -11.4)* -11.1 (-18.7,-3.6)**
September - 3.7(0.2,7.2)* -15.1(-21.6, -8.6)* -10.5(-17.3, -3.6)**
October - 41(0.6,7.6)* -6.1(-11.6, -0.6)** -3.5(-9.3,2.3)
November - 5.9(2.3,9.4)* 3.5(-1.3,8.3) 5.4 (0.4,10.4)**
December - 0.4(-3.1,4.0 -0.4 (-4.6, 3.8) 0.3(-4.0,4.5)

Minimum temperature: Not in equation Not in equation

window of exposure
E1: periconceptional - - 0.3(0.0,0.6) 0.2 (-0.1,0.6)
E2: first trimester - - -0.6 (-1.1,-0.2)* -0.3(-0.8,0.1)
E3: second trimester - - 0.6 (0.3,1.0)** 0.4 (0.0,0.8)***
E4: third trimester - - 1.5(1.3,1.8)* 1.5(1.2,1.7)*
E5: day of birth - - 0.1(-0.2,0.4) 0.1(-0.2,0.4)

continued on page 98
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TABLE 3

Linear Regression Models With Regression Coefficients With 95% Confidence Intervals

continued from page 97

Characteristic ‘ Model 0 ‘ Model 3

Beta Coefficient

Model 1 \
Beta Coefficient

Model 2 \

Beta Coefficient Beta Coefficient

Maximum temperature:
window of exposure

Not in equation Not in equation

E1: periconceptional - - -0.6 (-0.9, -0.3) -0.4(-0.8,-0.1)*
E2: first trimester - - -1.6(-1.9,-1.2)* -21(-2.4,-1.7)
E3: second trimester - - -2.2 (-2.5,-1.9) -2.4 (-2.8, -2.0)
E4: third trimester - - -2.0(-2.3,-1.7)* -2.1(-2.5,-1.8)*

E5: day of birth - -
Cumulative sunshine in 0.1 Not in equation Not in equation

-0.4 (-0.7,-0.2)**
Not in equation

-0.4 (-0.6, -0.1)**

hours: window of exposure

E2: first trimester -

- 0.052 (0.039, 0.065)*

E3: second trimester -

- 0.025 (0.011, 0.038)**

E4: third trimester -

- 0.023 (0.010, 0.036)**

*p<.0001.
**p>.0001 and p < .01.
**p> .01 and p < .05.

a person’s zip code of residence may compro-
mise the exposure estimate. Inaccuracy result-
ing from the first underestimates the individual
exposure to temperature extremes with under-
estimation of the true peak temperature effect.
The second inaccuracy may yield an under- or
overestimation on the individual level without
obvious systematic effects in general. Despite
this error and the generally temperate Dutch
climate, a consistent effect remains.

Other limitations refer to the nature of our
dataset with individual births as the primary
unit. Although births from the same mother
are correlated we unfortunately could not
tease out this information for which a mixed
model analysis with a random intercept
would have been more appropriate. A last
limitation is the lack of data on maternal
factors affecting birth weight such as mater-
nal (prepregnancy) weight or smoking. By
excluding preterm births and taking into
account SES, however, both strongly related
to maternal smoking, we attempted to reduce
the effects of this limitation.

Comparison With Previous Studies

Previous studies on the relationship between
climate and birth weight are heterogeneous
in design and outcome (Lawlor et al., 2005;
Murray et al., 2000; Pereira et al., 2012; Strand
et al., 2011; Torche & Corvalan, 2010). In
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an Australian large cohort study in the Perth
region, Pereira and co-authors (2012) investi-
gated the effect of seasonal variation, tempera-
ture, and sunshine on birth weight adjusted
for sociodemographic, biological, and envi-
ronmental exposures (e.g., air pollutants, tem-
perature, and sunshine). Effects were studied
separately by trimester. Analogous to our find-
ings, they report a 2% significantly increased
risk of SGA by higher temperatures sustained
over pregnancy; this risk for reduced birth
weight was particularly observed for exposi-
tion to higher temperatures during the third
trimester. The main differences compared to
our study include the use of only maximum
temperature, exposure data from just two tem-
perature stations, and the inclusion of births
from 33 weeks of gestational age, leading to
incomplete exposure windows for the third
trimester (Pereira et al., 2012).

Although an inverse relation of heat stress
on birth weight has been observed in several
studies (Lawlor et al., 2005; Pereira et al.,
2012; Wells & Cole, 2002), the opposite (i.e.,
heat stress causing increased birth weight) has
also been demonstrated (Lawlor et al., 2005;
Murray et al., 2000). Probably due to hetero-
geneity in study design, most of these stud-
ies did not find consistent directions of effect
measures for all exposure windows, e.g., one
study found a negative effect of first trimester

temperature exposure on birth weight (beta
coefficient -5.4, 95% CI -7.9, -2.9), and a posi-
tive effect of third trimester temperature expo-
sure on birth weight (beta coefficient 1.3, 95%
CI10.5-2.1) (Lawlor et al., 2005).

Possible Mechanisms
Animal studies provide a biological expla-
nation for part of our findings as they show
heat stress during pregnancy to be associated
with reduced placental weight, reduced uter-
ine and umbilical blood flow, and consequent
reduction in offspring birth weight (Wells,
2002). Galan and co-authors (1999) exposed
pregnant ewes to heat stress (35°C-40°C
versus 20°C for controls) during pregnancy
for 55 days (mean birth weight 1,841 g) and
80 days (mean birth weight 882 g). They
observed a significant reduction in fetal and
placental weights compared with a control
group (mean birth weight 3,391 g) (Galan
et al., 1999). The maximum temperatures—
not the duration—were comparable to the
exposure in our study. In terms of the “fetal
origins of adult disease” hypothesis (Barker,
2006), our findings combined with findings
from these animal studies may demonstrate
some form of adaptation mechanism regard-
ing the expected outdoor climate after birth.
Several theories exist on the background of
our observed results. According to one, fetal



FIGURE 3

Regional Birthweight Differences (per Two-Digit Zip Code) Attributable
to Difference in Exposure to Temperature Extremes and Sunshine

Adjusted for maternal factors, child factors, and day and month of birth.

growth is influenced by the rate of utero-
placental blood flow. Extremes of tempera-
ture, in particular heat, are known to affect
human blood flow with excess cardiovascular
deaths occurring in heat waves (Huynen et
al., 2001). It is therefore plausible that mater-
nal blood flow and therefore fetal nutrition
will be affected by these extremes in differ-
ent stages of pregnancy. It is also possible
that outdoor temperature during pregnancy
or seasonality is linked to maternal behaviors
including smoking, diet, and physical activ-

ity. In particular smoking may have contrib-
uted to the summer reduction in birth weight
as it has a profoundly negative effect on birth
weight, and tobacco consumption in general
has been shown to peak in summer (Andres
& Day, 2000; Warren et al., 2012).

Inherent to sunshine, vitamin D has also
been mentioned as a possible causal factor. Its
production depends primarily on the action of
sunlight on the skin and therefore it is strongly
associated with the duration of sunshine (Lef-
felaar, Vrijkotte, & van Eijsden, 2010; Urrutia

& Thorp, 2012). A 2010 Dutch study found
women with deficient vitamin D levels in early
pregnancy (median 13 weeks’ gestation) to be
at increased risk for an infant with reduced
birth weight (-114.4 g, 95% CI -151.2, -77.6)
and SGA (Leffelaar et al., 2010). Vitamin D
deficiency is more prevalent during the winter
months. Women with the end of the first tri-
mester in winter will deliver during late spring
and summer, and, according to this hypoth-
esis, will have children with reduced birth
weight as demonstrated in our results.

Implications

Climatological factors impact birth weight on
the individual level, the effect of which emerges
as regional differences in birth weight on the
population level. For healthy babies born at
term the demonstrated differences appear small
and effects on health later in life are unlikely.
More detrimental effects may emerge for vulner-
able subgroups (e.g., women carrying growth-
restricted babies) implying future research in
these groups. The birth weight effects on the
population level may be also more sizeable in
countries where the population is truly exposed
to extremes. The World Health Organization
(WHO) recommends an indoor temperature
of 18°C, or 21°C for vulnerable people (WHO,
1985); as it is impossible to change the climate,
improving housing quality to moderate expo-
sure to extremes in temperature appears a real-
istic implication for vulnerable subgroups.

Conclusion

Birth weight is associated with the combined
effect of season and exposure to temperature
extremes and cumulative exposure to sun-
shine. The effect of seasonality appears to be
mediated by interacting effects of temperature
and sunshine, resulting in an almost average
20 g significantly reduced birth weight in sum-
mer months compared to January. On the pop-
ulation level, significant regional differences
in birth weight exist, most likely attributable
to maximum temperatures in particular, with
moderation of the effect in coastal areas. For
healthy babies born at term these differences
in birth weight appear small; however, more
severe detrimental effects may emerge for
vulnerable subgroups, e.g., women carrying
growth-restricted babies. In terms of Barker’s
“fetal origins of adult disease” hypothesis, our
findings combined with findings from animal
studies may demonstrate some form of adapta-
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tion mechanism regarding the expected out-
door climate after birth. @
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» INTERNATIONAL PERSPECTIVES/SPECIAL REPORT

Radon Risk Communication
Strategies: A Regional Story

A b St ra Ct Risk communication on the health effects of radon
encounters many challenges and requires a variety of risk communication
strategies and approaches. The concern over radon exposure and its health
effects may vary according to people’s level of knowledge and receptivity.
Homeowners in radon-prone areas are usually more informed and have
greater concern over those not living in radon-prone areas. The latter group
is often found to be resistant to testing. In British Columbia as well as many
other parts of the country, some homes have been lying outside of the radon-
prone areas have radon levels above the Canadian guideline, which is the
reason Health Canada recommends that all homes should be tested.

Over the last five years, the Environment Health Program (EHP) of
Health Canada in the British Columbia region has been using a variety
of different approaches in their radon risk communications through
social media, workshops, webinars, public forums, poster contests,
radon distribution maps, public inquiries, tradeshows and conference
events, and partnership with different jurisdictions and nongovernmental
organizations. The valuable lessons learned from these approaches are

discussed in this special report.

Introduction

Risk communication is a shared interest of
policy makers and stakeholders. Many agree
that communicating risk to the public is a
complicated undertaking and it poses formi-
dable challenges (Johnson & Fisher, 2006;
Lipkus & Hollands, 1999). One of the key
communication challenges with radon has
to do with public apathy (Sandman, 1986).
Contrary to technological hazards such as
radioactive contamination or toxic wastes,
public perception of radon risk represents an
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optimistic bias (Weinstein, Klotz, & Sand-
man, 1988). Another communication chal-
lenge stems from the fact that radon occurs
naturally, thus no “villain” exists to blame
and not many obvious radon “victims” are
observed (Fisher & Johnson, 1990). In fact,
any harmful health effects of radon often do
not show up for a long time.

Radon exposure occurs primarily in a
person’s home, and thus it is an individual’s
responsibility to test and mitigate for radon.
The nature of this situation rules out conven-
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tional regulatory approaches that are used
in managing pollution sources (Desvousges,
Smith, & Rink, 1989). For this reason, regu-
latory bodies turn to information programs
as a way of communicating risk and encour-
aging voluntary reductions in risk (Johnson
& Fisher, 2006). The perception of radon as
a “low-risk problem” is attributable to multi-
ple factors that include the absence of federal
regulations, competing environmental con-
cerns presented daily in the media, concerns
about home values, and public apathy (John-
son, Fisher, Smith, & Desvousges, 2010).

The Environmental Health Program (EHP)
of Health Canada in the British Columbia
region has been using a diverse approach in
their communication of radon risks, which
includes responses to public inquiries, trade
shows and conference events, social media,
workshops, webinars, public forums, radon
poster contests for students, and radon dis-
tribution maps creation. Radon risk commu-
nication efforts through EHP has benefited
from partnerships with different jurisdic-
tions and nongovernmental organizations,
which aid in adding strength and credibility
to the message. This special report presents
the lessons learned from radon testing in
federal buildings as well as education and
awareness activities for the public in the
British Columbia region. In particular, it
presents knowledge of the public’s miscon-
ceptions of radon risk and the strategies that
are used to “demystify” them. The myths
identified for discussion here were the result
of the experiences in education and aware-
ness activities, as well as through literature
reviews and case studies.



Strategies to Demystifying

the Radon Myth

Myth 1: Radon should remain low on the scale
of concern for the public. Radon does not seem
to cause any visible health effects. There are no
obvious “dead bodies,” and lung cancer caused
by radon exposure, if it occurs, will not be for
many years (Fisher & Johnson, 1990; Radon
Prevention and Mediation [RADPAR], 2011;
World Health Organization [WHO], 2009).
Such human perceptions present consider-
able challenges to the design of an effective
risk communication strategy in overcoming
public apathy towards radon.

Health Canada estimates that indoor radon
exposure causes the deaths of approximate-
ly 3,200 Canadians every year—16% of all
lung cancer deaths (Health Canada, 2012a).
Thus, it makes radon the second cause of
lung cancer after smoking (Health Canada,
2012b). Radon is the largest source of natural
radiation exposure (Canadian Nuclear Safety
Commission [CNSC], 2013), as it represents
over 30% of the naturally occurring radiation
people are exposed to in a lifetime (CNSC,
2011). In addition, one in three people who
have had long-term exposure to elevated
radon levels and tobacco smoke will be di-
agnosed with lung cancer (Health Canada,
2012c¢). Overall, the number of radon-related
deaths in Canada from lung cancer is about
25% higher than the number of traffic-related
deaths and greatly exceeds the number of
deaths due to accidental poisoning and ho-
micides (Statistics Canada, 2009). According
to the Canadian Cancer Statistics 2013 report
released by the Canadian Cancer Society, the
Public Health Agency, and Statistics Canada,
British Columbia has 139 cancer deaths per
100,000 population (9,700 deaths in the total
population), with the leading cause of cancer
death being lung cancer. Thus, with respect
to Myth 1, the use of statistical or quantita-
tive information in risk communications
is needed to raise public concern over radon
exposure and its health risks.

Myth 2: The perception is that indoor radon
exposures are natural, therefore, people should
have no or little control (RADPAR, 2011). This
statement is not correct. While sources of
radon are ultimately geological and natural,
high indoor radon exposures may not be.
Indoor radon levels can be considered arti-
ficial (or “technologically enhanced”) if they
are the consequence of human activities such

as building design, construction, and usage
(RADPAR, 2011). In addition, indoor ra-
don concentrations can be easily measured;
if they are found to be high they can be re-
duced. Therefore people do have control if
they choose to take preventative action.

Elevated levels of radon can be attribut-
able to human activities, particularly when a
building has been upgraded with energy effi-
cient measures therefore making it “airtight.”
In one example, the owners of a 110-year old
house in Peachland, British Columbia (a ra-
don-rich area), conducted a six-month radon
test in various areas of their home (Paterson,
2012). When the log house was “sealed” for
energy conservation and refitted with double-
glazed windows, the radon levels were found
to increase substantially. In certain areas of
the house, levels of the radioactive gas were
as high as 2,035 Bq/m’ (55 picocuries/L).
Both the main floor and upper floor were
measured to be above 1,000 Bq/m’ in the
winter months. The owners subsequently
contracted a radon mitigation specialist to re-
duce the radon levels in the house.

Elevated radon ingress can be due to the
structure of the building as well as the op-
erational activities that take place within it.
This was the case at a fish hatchery, in a non-
radon-rich area. Various buildings at the site
that met Health Canada’s testing criteria of
occupancy (>4 hours per day) were tested.
All buildings tested at the site were found to
be below Health Canada’s guideline level ex-
cept the offices right below a water aeration
tower, which had radon levels at approxi-
mately 1,100 Bq/m’. The office building with
a water aeration tower had a rather unique
structure in that the aeration tower was con-
structed on top of the administration office
that was found to have high levels of radon.
It was noted that well water from two aqui-
fers was supplied to the aeration tower. The
water was then allowed to fall from a height
through a series of segmented columns. The
purpose of this was to dissipate undesirable
gases (such as nitrogen) and add oxygen to
the water prior to being used for hatchery
purposes. According to a radon report of
WorkSafe BC (Copes, 2009), “Land-based
fish hatcheries normally use large quantities
of water that has come from an underground
source. Hatcheries having the aeration tower
contained within the building envelope are
particularly prone to having the highest ra-

don levels.” It has been reported that radon
levels in groundwater can generate up to 40
times more radon in indoor air at a com-
mercial fish hatchery (Kitto, Kunz, McNulty,
Kuhland, & Covert, 1995).

The aforementioned scenarios reveal how
building structures and human activities
may contribute to high levels of radon. They
enhance our knowledge base through expe-
rience, and serve as narrative or qualitative
information for risk communication. To de-
mystify Myth 2 in risk communication, it is
paramount to underscore that while sources
of radon are naturally occurring, high indoor
radon exposures can be due to human activi-
ties. Thus, the concentration of radon may
vary widely from house to house, building to
building, and may be contingent upon “the
human factor.” When it is claimed that ra-
don occurs naturally, the human component
that influences exposure to radon should also
be mentioned. More importantly the human
component that can prevent the risk of radon
exposure should be emphasized; it is easy and
inexpensive to test and if levels are high they
can be reduced by a mitigation specialist.

Myth 3: Testing is expensive and the house
value will be affected after mitigation (Fisher
& Johnson, 1990). The public has a general
perception that radon problems may involve
high costs. For example, homeowners will
have to buy and use a radon monitor and
possibly pay for expensive mitigation. Radon
communications intended to motivate test-
ing may not be successful in situations where
the homeowner lacks the resources to miti-
gate any problems that they find (Svenson
& Fischoff, 1985). Additionally, concerns
over property values may also discourage
people from testing or from sharing or dis-
closing the results of their tests. Desvousges
and co-authors (1989) found that nearly half
of homeowners surveyed thought that their
home would be worth a lot less even if a
radon problem were fixed.

To address concerns surrounding Myth 3,
risk communication must underscore the fact
that testing is not expensive and that mitiga-
tion can be comparable to other home mainte-
nance costs such as replacing a furnace or air
conditioner. Obtaining a reliable radon protec-
tion plan may be a viable option to reduce the
cost of mitigation. Effective risk communica-
tions must achieve an informed decision that
radon risks can be addressed less expensively
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than many other health risks (Desvousges et
al., 1989). It is important to emphasize that
all homes have radon, so a house is not bad
or contaminated if it has measurable levels of
radon. Homeowners need to know how much
radon is in their homes as compared to the
Canadian guideline.

Myth 4: Radon distribution maps are reli-
able sources for measurement- and mitigation-
related decision making for individual home-
owners. Radon maps can be developed based
on indoor radon measurements, geology,
aerial activity, soil permeability, and founda-
tion type. While maps can increase under-
standing, simplify complex concepts quickly,
and enable easy comparisons, they are only
as good as their intended purpose. Graphi-
cal displays and visual communication of
risk through a radon map can offer unique
benefits for improving overall communica-
tions to stakeholders and the public (Lip-
kus & Hollands, 1999). They may, however,
also lead to a false sense of complacency and
reluctance to initiate testing. Radon distri-
bution maps are not intended to be used for
determining whether a home in a given zone
should be tested for radon but rather to help
governments, health professionals, and other
authorities to target their resources.

According to Health Canada’s 2009-2011
Cross Canada Radon Survey and federal
building testing program in British Colum-
bia, homes and buildings with elevated
levels of radon were found in 13 out of 16
health regions throughout the province. As
mentioned previously, radon ingress results
from both natural causes and human activi-
ties. Therefore, with respect to Myth 4, an
important risk communication message is
that all homes have some level of radon and
therefore need to be tested regardless of geo-
graphic location.

Myth 5: A radon risk communication strat-
egy will be equally applicable or effective in all
regions. The actual communication strategy
chosen in a region will depend on a num-
ber of factors such as the extent of the radon
problem in that region, the present state of
public knowledge about radon, the available
budget, the existence of a national radon
reference level, and national and provincial
building codes. In general, people respond
better to risk information that is both quan-
titative and qualitative than through either
one alone. Quantitatively, people need to
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know the guideline level, the duration of
time for mitigation action, and the statistics
on radon health effects. Qualitatively, people
are inspired by real-life stories of those who
have been impacted by radon or have con-
tracted lung cancer from radon and by suc-
cess stories in bringing radon levels down
through mitigation. Thus, effective risk
communication needs to involve the use of
both qualitative and quantitative informa-
tion (Smith, Desvousges, & Fisher, 1987). A
very popular visual tool that EHP has used
in communicating radon risk is the radon
model house developed by Health Canada
for use in all regions. The model house dem-
onstrates the various entry routes of radon
into a home and mitigation measures that
can be employed, such as active subslab de-
pressurization units.

The characteristics of homeowners also
come into play regarding their concerns over
health. Older people tend to be less willing
to acquire health risk information, whereas
people with existing health concerns are
more willing to acquire health risk informa-
tion. Educating young people could be one
approach for helping to disseminate health
risk information to other age groups (RAD-
PAR, 2011). With the support of Health
Canada, British Columbia’s Interior Health
Authority conducted two poster contests in
2012 and 2013 targeting junior secondary
students in radon-rich areas to raise aware-
ness on radon. In addition, through con-
tracting a nonprofit organization, EHP was
able to use popular social media tools (such
as Twitter, Facebook, YouTube, etc.) to reach
out to a wider audience.

Socioeconomic and ethnic diversity com-
ponents also influence the risk communica-
tion process. For example, the demographics
in British Columbia indicate a diverse ethnic
population. Cultural and ethnic background
may affect people’s perceptions about radon
risk. Some people may be relatively less re-
ceptive to radon risk messages, and thus the
process of risk communication cannot be
isolated from the broader social and cultur-
al context. This variability poses challenges
in terms of managing environmental risks
across a culturally heterogeneous society. To
engage with different ethnic communities,
EHP has exhibited a radon booth at vari-
ous ethnic community health fairs. Vaughan
(1995) underscores the importance of under-

standing the different patterns of responding
to risk situations, and how the communica-
tion process evolves within varying sociocul-
tural environments.

It is well recognized that risk communica-
tion may enhance public knowledge and en-
courage informed consent without resulting
in behavioral change (Golding, Krimsky, &
Plough, 1992). Johnson and co-authors con-
tend that it is a rather naive assumption that
information programs will motivate people
voluntarily and rationally to reduce risks
(Johnson et al., 2010). Thus, with respect to
Myth 5, due to the various factors that influ-
ence responses to radon risk communica-
tion, it cannot be expected that one radon
risk communication strategy will be equally
applicable or effective in all regions. Solving
the radon problem will require a mix of risk
communication, incentives, and regulation
(Golding et al., 1992).

Myth 6: Risk communication is a loner’s
task. The World Health Organization argues
that effective risk communication requires
cooperation among organizations with good
community credibility (WHO, 2009). Health
Canada in the British Columbia region is
privileged to benefit from partnerships with
other federal department(s) and local health
authorities to share expert knowledge and
support education and awareness on radon
through radon public forums. Given the
often apathetic response to the health risk of
radon exposure, it is very valuable in part-
nering with relevant stakeholders to increase
awareness. Some of Health Canada’s roles
include the Canadian guideline for radon,
producing radon guides and fact sheets,
coordinating the federal building-testing pro-
gram, and assisting radon initiatives by local
health authorities. The province of British
Columbia (the Building and Safety Standards
Branch of the Ministry of Energy, Mines, and
Natural Gas) administers the British Colum-
bia Building Code to prevent radon ingress
and funds education and awareness initia-
tives. Local health authorities in radon-rich
areas actively promote education and aware-
ness in their areas and provide expertise to
coordinate testing in public schools and day-
care centers.

EHP is also a member of the provincial
radon intergovernment information and
liaison group that comprises staff from the
British Columbia Centre of Disease Con-



trol (BCCDC), British Columbia Ministry
of Health, Canadian Mortgage and Housing
Corporation, British Columbia Lung Asso-
ciation (BCLA), Northern Health Authority,
Interior Health Authority, and the Provin-
cial Health Services Authority. This group
provides a forum for sharing information on
radon issues and promoting ideas for increas-
ing awareness and testing. Additionally, an
annual radon workshop is held in Vancou-
ver as a result of collaborative efforts of EHP,
BCCDC, and BCLA. The target audiences for
the radon workshop are health professionals,
academia, industry stakeholders (building
contractors, home inspectors, etc.), and stu-
dents. The goal of the workshops has been for
participants to understand the current state of
knowledge on strategies to reduce residential
radon exposure, including challenges and cur-
rent knowledge gaps. Part of the workshop has
been available online to increase the opportu-
nity for people across Canada to participate.
Additionally, EHP engages with stakeholders
in the building industry such as home inspec-
tors, building contractors, and realtors to
make radon-related presentations, to provide
information on the national building code to
prevent radon ingress, and to raise awareness
of the Canadian National Radon Proficiency
Program (C-NRPP), which certifies radon pro-
fessionals (C-NRPP, 2012). Thus, with respect
to Myth 6, Health Canada educates and raises
awareness on radon measurement and mitiga-

tion by partnering with nongovernmental and
nonprofit organizations.

Conclusion
A good risk communication strategy should
create the basis for behavioral change and
provide clear actions for people to take (RAD-
PAR, 2011). After considering the nature of
the radon problem, six key myths have been
identified and demystified for effective risk
communications. The following can be used
for the development of a set of core messages
aimed at target audiences.

1. Radon is truly a serious health threat; lung
cancer development and death can be re-
duced by controlling an individual’s radon
exposure.

2.Indoor radon exposures are from natu-
ral resources and can be increased or de-
creased through human activities. The lat-
ter message points to the fact that radon
risks can be managed.

3. Testing is easy; mitigation is effective and
options are available to address mitiga-
tion costs.

4. A radon distribution map is only as good
as its intended purpose, such as for au-
thorities to target their resources. The
only way to know if a radon problem ex-
ists is to test, as radon concentrations vary
from home to home.

5. An effective risk communication strategy
calls for a consideration of the demo-

graphic and socioeconomic context of the
public, and the use of both quantitative
(statistical data) and qualitative commu-
nication approaches.

6. Risk communication is a joint effort at
the local and national levels. Federal de-
partments, provincial governments, local
health authorities, nonprofit organizations,
and industry need to collaborate to share
knowledge, expertise, resources, and ideas
that will encourage testing and mitigation.
Radon risk is a global issue. Some coun-

tries may be more advanced in the develop-

ment of risk communication strategies and
programs, while others are lagging behind.

The lessons learned and strategies estab-

lished may serve as valuable references for

less developed countries. The ultimate goal
of radon risk communication is to reduce
the number of lung cancer deaths caused by
radon locally and beyond. Additionally, effec-
tive risk communication may succeed in per-
suading policy makers that radon is indeed
an important public health issue that requires
action (WHO, 2009). a
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» BUILDING CAPACITY

Civic Engagement

Darryl Booth, MBA

Editor’s Note: A need exists within environmental health agencies
to increase their capacity to perform in an environment of diminishing
resources. With limited resources and increasing demands, we need to seek
new approaches to the business of environmental health.

Acutely aware of these challenges, NEHA has initiated a partnership
with Accela (formerly Decade Software Company) called Building Capacity.
Building Capacity is a joint effort to educate, reinforce, and build upon

successes within the profession, using technology to improve efficiency and

agencies across the country.

extend the impact of environmental health agencies.
The Journal is pleased to publish this bimonthly column from Accela that
will provide readers with insight into the Building Capacity initiative, as well

as be a conduit for fostering the capacity building of environmental health

The conclusions of this column are those of the author(s) and do not
necessarily represent the views of NEHA.

Darryl Booth is senior vice president and general manager of environmental
health at Accela and has been monitoring regulatory and data tracking
needs of agencies across the U.S. for 18 years. He serves as technical advisor

to NEHA’ informatics and technology section.

he phrase “civic engagement,” which
T speaks to closing the circle of commu-

nications and accountability between
government and its citizens and customers, is
an important one. It's captivating to explore
where government, and specifically health
departments, could be more like Amazon,
Uber, and FedEx. These are examples of busi-
nesses that engage frequently and well with
their customers, thereby setting the expecta-
tions of our customers.
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When we don't quite meet those expecta-
tions (e.g., by having a modern Web site that
takes instant payments or an iPhone app for
logging complaints, with GPS coordinates
and glorious 12 megapixel images), the cus-
tomer citizen forms a diminished opinion of
our services. Even though we may not inter-
act regularly, we all want a positive review.

But is civic engagement as relevant to envi-
ronmental health as it is to public works,
building and planning, or elected officials?

Builds Capacity for
Health Departments

“Environmental health is different,” I might
explain to a colleague, “because the mis-
sion and methods of environmental health
are, generally, predetermined by the Food
and Drug Administration, the Centers for
Disease Control and Prevention, the state
department of health, and so forth. Delegation
agreements, as an example, predispose how
resources shall be invested. Neither the cus-
tomer nor the local board of supervisors have
complete sway over how to assess a facility’s
risk or investigate a foodborne illness.”

That being said, we are still part of an
enterprise and we are certainly part of a com-
munity, making civic engagement just as
important for us.

I enjoy the perspective of observing many
excellent environmental health leaders, most
of whom embrace civic engagement as an
imperative. Below are five ways to improve
civic engagement in your community.

Five Essential Public
Touchpoints Demanded of
Health Departments

Education, Advocacy, and Partnership
Public and environmental health depart-
ments embrace education more than any
other department. It’s essential to raise aware-
ness and ultimately to change behaviors.

The city of Columbus won the Dr. R. Neil
Lowry Grant, presented to public health pro-
fessionals or agencies that seek to advance the
public’s safe use of recreational water through
educational, safety, operational, and technical
programs, at the 2015 NEHA Annual Educa-
tional Conference & Exhibition on just such
a platform.
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During a Large Shigella Outbreak
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Columbus’ growing recreational water
program was beset by the turnover common
to this seasonal operation. “Many of these
operators are transient and only on the job
for a year, and often have other respon-
sibilities besides swimming pools,” says
Keith Krinn, director.

After careful analysis of inspection viola-
tion data in 2014, the city found that high
cyanuric acid residuals were the most cited
and primary reason for closure. Based on this
insight, staff developed an informational tool
and with the grant will purchase 650 USB
drives to distribute these training materi-
als to all their facilities. The operators may
come and go, but the materials will always
be available.

“We're big believers here ... to be able to
take concepts that we find and specific action-
able items based on violation data to be able
to make the community safer,” says Krinn.

The program is already producing results:
Columbus has seen a reduction in closures
for cyanuric acid violations.

Social Media and Public Forums

Even when we think nobody is listening ...
people are. Thankfully, many examples exist
of great social media campaigns designed and
implemented by health departments. The
budget is nearly zero and the reach is far.

In a case that generated national media
attention in October 2015, a nasty outbreak of
the highly contagious Shigella at a restaurant in
Santa Clara (California) County infected hun-
dreds of patrons and their contacts. Through-
out the event, Santa Clara County utilized
every resource, including Facebook and Twit-
ter, to keep citizens and the media informed
and provide timely and topical tips for pre-
venting its spread (Figures 1 and 2).

In a nondigital context, and with a long his-
tory in environmental health policy making, we
include the public forum. In this particular cho-
sen profession, it is nearly certain that you'll rise
through the ranks and find yourself one day at
a community meeting or hearing, perhaps the
touchstone of participatory citizenry. These
too are increasingly conducted online with live

Internet streaming, interactive Q&A, and auto-
matic archiving of participant comments.

Restaurant Inspection Results
Whether its a searchable Web site, a LIVES
Feed (LIVES is a data standard for exposing
inspection results; it stands for “Local Inspector
Value-Entry Specification”), or a mobile app,
this is what is most visible to the largest swath
of the population. Also, its an excellent tool to
have in an inspector’s tool chest. New York, San
Francisco, and Los Angeles are the first big play-
ers to join the LIVES movement and you can
find their inspection data on Yelp today. Size is
no restriction; even smaller municipalities (like
Boulder, Colorado, and Evanston, Illinois) with
the vision and public buy-in can participate.
Beyond LIVES, many agencies are experi-
menting with building apps to interact directly
with consumers. The California Food Inspec-
tor app (Figure 3), built originally by Contra
Costa County in the San Francisco Bay Area,
now publishes inspection results for Los
Angeles, San Francisco, Contra Costa, Mon-
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FIGURE 3

The California Food Inspector
App
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terey, Alameda, Sacramento, San Joaquin, and
San Bernardino counties in California, and
includes location-based search functionality.
To join in on this platform, the health depart-
ments need only publish a LIVES feed.

Open Data
Again, on the shoulders of giants, we can eas-
ily adapt our practices and culture to embrace
open data. A great example is the Florida
Department of Health’s public geospatial
dataset, which shows inspections, health care
systems and emergency operations, water,
and septic systems (Figure 4; http://openfl-
health.fdoh.opendata.arcgis.com/).
Noteworthy as well is the San Francisco
Health Department, whose data are picked
up by vendors such as Appallicious to gen-
erate a Neighborhood Score, which provides
overall health and sustainability scores for
every block in the city. (Editor’s note: At
the time of publication this program is no
longer available due to a lack of funding
and options are currently being explored
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FIGURE 4

Treatment and Disposal Systems

Havana

The Florida Department of Health’s Dataset of Onsite Sewage
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to incorporate this program into a different
platform.) From their Web site:
“Neighborhood Score uses local, state,

federal, and private data sets to allow
residents to see how their neighbor-
hoods rank in everything from public
safety, to quality of schools, crime rates,
air quality, and much more. The new app
makes information about neighborhood
health easily accessible to residents and
demonstrates the power of open govern-
ment data to advance community health
through government transparency.”

Code for America has also engineered the
open publication of San Francisco housing
inspection data, which can be picked up by
sites like the online real estate marketplace
Trulia to alert potential homebuyers of a
home’ health history.

In general, the position is that these data are
owned by the citizens who ultimately pay per-
mit fees. What seems benign and routine to you
is often groundbreaking to an app developer or
advocacy group. Get your data out there!

Work Flows With Frequent Customer
Interactions

Something Amazon, Uber, FedEx, and oth-
ers do extremely well is to keep customers
informed throughout the process. Whether
it’s a text message that your Uber driver is

around the corner or proof of delivery with
a digital signature line, we return to these
types of companies because they respond
to our desire for information ... lots of
information.

San Diego County’s Environmental Health
Department offers this type of functional-
ity. Facilities can check the status of their
business and track the progress of applica-
tions. The county also recently implemented
technology that automatically e-mails or
texts businesses when there is an update
(e.g., when an application or other activity
changes status). This automated ping keeps
phone calls down, reduces notification tasks
for staff and, perhaps best of all, proves to
your customers that their facility is not bur-
ied on someone’s desk; progress is actually
happening.

These are concrete examples relevant to
health departments. What other civic engage-
ment imperatives does your community pur-
sue? Continue the conversation at LinkedIn’s
Building Capacity Group at http://tinyurl.
com/EHCivicEngagement. #%

Corresponding Author: Darryl Booth, Senior
Vice President and General Manager of Envi-
ronmental Health, Accela, 1195 W. Shaw,
Fresno, CA 93711.

E-mail: dbooth@accela.com.
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This award recognizes 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.

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 15, 2016.

2016 Joe Beck Educational
Contribution Award

This award was established to recognize NEHA members,
teams, or organizations for an outstanding educational
contribution within the field of environmental health.

Named in honor of the late Professor Joe Beck, this award
provides a pathway for the sharing of 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 15, 2016.

For more information, please visit
www.neha.org/joe-beck-educational-contribution-award.
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Dee Merriam,
FASLA, MLA, MCRP

Parks: An Opportunity to
Leverage Environmental Health

represent the views of CDC.

Editor’s Note: NEHA strives to provide up-to-date and relevant
information on environmental health and to build partnerships in the
profession. In pursuit of these goals, we feature a column from the
Environmental Health Services Branch (EHSB) of the Centers for Disease
Control and Prevention (CDC) in every issue of the Journal.

In these columns, EHSB and guest authors share insights and information
about environmental health programs, trends, issues, and resources. The

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

Dee Merriam is with the National Center for Environmental Health,

Healthy Community Design Initiative at CDC.

o0 you know your local parks and rec-
D reation director? He or she could be a

great public health ally. Parks and rec-
reation departments align with environmental
public health on many cross-cutting activities
such as swimming pool inspections, mosquito
control, rabies management, and food per-
mits. Parks also provide children access to safe
and healthy places to play. Furthermore, they
can mitigate safety hazards by protecting land
such as flood plains and unstable slopes from
inappropriate development. Public health and
parks and recreation departments have many
synergistic goals that could be leveraged to
make both more effective.

In communities across the country, parks
and recreation departments implement envi-
ronmentally responsible land management
practices and can be an important partner for
environmental health programs. Parks often
protect environmentally sensitive areas. For
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example, flood plains that are protected from
inappropriate development in parks can store
storm water, reducing downstream flooding.
Protection of groundwater recharge areas
allows storm water to seep into the ground,
filtering non-point source pollutants and
preventing them from entering streams. Tree
canopies in parks can mitigate urban heat
islands by providing shade and absorbing
carbon dioxide and pollutants (U.S. Environ-
mental Protection Agency, 2015).

In addition, parks provide opportuni-
ties for public health promotion including
physical exercise, stress relief, and education
programs. Studies have shown that access
to green space can reduce the effects of pov-
erty on health (Maas et al., 2009; Mitchell &
Popham, 2008). A study of social interactions
among residents of a public housing project
in Chicago found that access to green space
reduced aggression and improved social

interactions (Kuo & Sullivan, 2001). Other

studies have found that children who walk or

bike to parks visit them more frequently and
are more active (Grow et al., 2008; Mackett

& Paskins, 2008). Because many environ-

mental public health benefits are associated

with parks, a strong partnership with your
local parks and recreation department could
be a great advantage to your department.

Here are some questions you can use to
start a dialogue with the communities your
department serves.

1. Does your community have a master plan
that includes an inventory of environmen-
tally sensitive sites and ecosystems that
need protection?

If not, encourage the creation of a map of
flood plains, steep slopes, and other areas
that should be protected as the foundation
for a green space system. Work with parks or
planning staff to establish a vision plan that
makes environmental health concerns a pri-
ority. This could include establishing buffers
around key resources such as flood plains
and groundwater recharge areas. Setbacks
or buffers help protect resources and create
locations for facilities such as trails, play-
grounds, and picnic areas that leverage com-
munity investments.
2.Do at-risk children in your community

have a park that they can walk to?

Sometimes a park is intended to serve a
neighborhood, but its entrance has an incon-
venient location (e.g., on a busy street that
requires a long, roundabout walk). Add-
ing a new entrance that is easy and safe to
reach can increase community access. A park
access analysis comparing the number of



Parks provide opportunities for public health
promotion including physical exercise, stress
relief, and education programs.

people who live within a half mile of a park

to the number of people who have less than

a half-mile walk route to a park entrance can

identify opportunities to increase park access.

3. Do safe walking and biking routes exist
that join parks to nearby schools?

An analysis of children who walk or bike to
after school activities can be used to develop
supportive infrastructure or create programs
to bridge this gap. This may be particularly
important for children whose parents are not
able to provide after school transportation.
4.Are new development plans reviewed

for opportunities to create pedestrian-

friendly streets leading to or adjoining
nearby parks?

Pedestrian-friendly streets can make parks
more visible and safer. Early reviews of rezon-
ing and subdivision plans by either public
health or parks and recreation officials pro-
vide opportunities to encourage desirable
street patterns.
5.1s there an appropriate adult presence in

parks during after school hours?

This presence could range from activity
leaders to adults in a community garden or
public health outreach initiatives. Knowing
park sites that would benefit from adult pres-
ence helps target opportunities. A park might
be an ideal location for programs like health
fairs and fresh food markets.

Useful Resources for Parks and Public Health

Active Living Research

e Making the Case for Designing Active Cities report:
http://activelivingresearch.org/making-case-designing-active-cities

Healthy Community Design Initiative (HCDI)

e Access resources about developing healthy places in your community.

e More information on HCDI can be found at www.cdc.gov/healthyplaces.

Making Streets Welcoming for Walking

¢ |dentifies important principles for creating streets that welcome pedestrians:
http://changelabsolutions.org/sites/default/files/Streets-Welcome-for-Walking_
FINAL_20131206_0.pdf

National Environmental Public Health Tracking Network indicator
“Access to Parks” (see “Search Community Design Data” tool)
e Provides national, state, and county data on selected indicators as maps, tables,
and charts:
http://ephtracking.cdc.gov/showCommunityDesign.action

National Recreation and Parks Association (NRPA) Walking Initiative

e The NRPA “Safe Routes to Parks” (www.nrpa.org/uploadedFiles/nrpa.org/Publications
_and_Research/Research/Papers/Park-Access-Report.pdf) guide provides
professionals with well-researched tools to ensure parks are accessible to all users.
www.nrpa.org/Grants-and-Partners/Recreation-and-Health/Walking-Initiatives/

Parks and Trails Health Impact Assessment (HIA) Toolkit

e Summarizes the strategies recommended in 11 HIAs and with supporting citations:
www.cdc.gov/healthyplaces/parks_trails/default.htm

Parks, Trails, and Health Workbook

e A tool for planners, parks and recreational professionals, and health practitioners:
http://go.nps.gov/communityhealthworkbook

Pedestrian Friendly Code Directory

e Links to zoning and subdivision codes positioned to create streets and neighbor-
hoods that are safe, comfortable, and convenient for pedestrians, transit users,
and bicyclists.
http://changelabsolutions.org/childhood-obesity/pedestrian-friendly-code

Planning and Community Health Center Webinar Series

e A variety of topics related to planning and public health, including strategies to ad-
vance active living, healthy eating, and cross-sector and community collaborations.
www.planning.org/nationalcenters/health/webinars/

e Safe Routes to Parks:
http://media2.planning.org/media/stream/saferoutes/lib/playback.html

Urban River Parkways: An Essential Tool for Public Health

e University of California, Los Angeles report on the health benefits of Urban River
Parkways:
Report summary/brochure: http://bit.ly/1xCORmMQ
Full report: http://bit.ly/1s5AwzC

continued on page 114
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continued from page 113

6. Does the parks and recreation department
have healthy vending policies?

Work with the department to promote
healthy food choices such as drinking water
and fresh fruit.

7. Are parks visible?

Provide signs, Web sites, and maps to
make parks more visible.

Community health depends on teamwork
and communication among all stakeholders.
Call your local parks and recreation director
today and start the conversation. 8%

Corresponding Author: Dee Merriam, Centers
for Disease Control and Prevention, National

Center for Environmental Health, Division of
Emergency and Environmental Health Ser-
vices/Healthy Community Design Initiative,
4770 Buford Highway, NE, MS F-58, Atlanta,
GA 30341. E-mail: dmerrriam@cdc.gov.
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UPCOMING NEHA CONFERENCE

June 13-16, 2016: NEHA 2016 Annual Educational Conference
& Exhibition and HUD Healthy Homes Conference, San Antonio,
TX. For more information, visit www.neha.org/aec.

NEHA AFFILIATE AND REGIONAL LISTINGS

Alabama

April 12-14, 2016: 2016 Interstate Environmental Health
Seminar, hosted by the Alabama Environmental Health
Association and held in conjunction with its Annual Education
Conference, Guntersville, AL. For more information, visit
www.aeha-online.com/upcoming-events.html.

California

March 21-25, 2016: 65th Annual Educational Symposium,
hosted by the California Environmental Health Association,
Oakland, CA. For more information, visit www.ceha.org.

Idaho

March 16-17, 2016: Annual Education Conference, hosted
by the Idaho Environmental Health Association, Boise, ID.
For more information, visit www.ieha.wildapricot.org.

Indiana

April 14, 2016: Spring Conference, hosted by the Indiana
Environmental Health Association, Indianapolis, IN. For
more information, visit www.iehaind.org/Conference.

Kentucky

February 17-19, 2016: Annual Conference, hosted by the
Kentucky Environmental Health Association, Florence, KY.
For more information, visit www.kamfes.com.

Michigan

March 16-18, 2016: Annual Education Conference, hosted by
the Michigan Environmental Health Association, Bay City, ML
For more information, visit www.meha.net/AEC.

Minnesota

January 28, 2016: Winter Conference, hosted by the Minnesota
Environmental Health Association, St. Paul, MN. For more
information, visit www.mehaonline.org.

Ohio

April 18-20, 2016: Annual Education Conference, hosted by
the Ohio Environmental Health Association, Columbus, OH.
For more information, visit www.ohioeha.org/annual-education-
conference.aspx.

Utah

April 27-29, 2016: Spring Conference, hosted by the Utah
Environmental Health Association, Springdale, UT. For more
information, visit www.ueha.org/events.html.

TOPICAL LISTING

Public Health

April 12-13, 2016: Iowa Governor’s Conference on Public
Health, Navigating a Changing Landscape: Partnerships for
Population Health, Des Moines, IA. For more information,
visit www.ieha.net. f%

114 Volume 78 « Number 6



Handbook of

EVTROVIENTAL
HEALTH s

William A. Oleckno

Essential
Epidemiology

PRINCIPLES AND APPLICATIONS

EMERGENCY
PUBLIC HEALTH

PREPAREDNESS AND RESPONSE

v

EINEHA

&= BOOKSTORE

www.neha.org/store

Turn to NEHA’s Bookstore for a select library of recommended
environmental health resources. The Bookstore includes

e Study guides and manuals for several of NEHA’s
credentials

* Recommended references to assist in studying for a
NEHA credential

e Quintessential references for any environmental health
professional

e Food manager, handler, and trainer resources

e Journal of Environmental Health articles and E-Journal
issues

Purchase online or call

www.neha.org/store 303.756.9090

Environmental

ENGINEERING

Environmental

ENGINEERING

Environmental

ENGINEERING

ENVIRONMENTAL
LAW
HANDBOOK



ADVANCEMENT OF THE PRACTITIONER

CORNER

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

many other; pertinent resources!

ZANEHA

S5 BOOKSTORE

www.neha.org/store

Certified Professional-Food Safety Manual
(Third Edition)

National Environmental Health Association (2014)

The Certified Professional-Food
Safety (CP-FS) credential is well
respected throughout the
environmental health and food safety
field. This manual has been
developed by experts from across the
various food safety disciplines to
help candidates prepare for NEHAs
CP-FS exam. This book contains
science-based, in depth information
about causes and prevention of
foodborne illness, HACCP plans and active managerial control,
cleaning and sanitizing, conducting facility plan reviews, pest
control, risk-based inspections, sampling food for laboratory
analysis, food defense, responding to food emergencies and
foodborne illness outbreaks, and legal aspects of food safety.

358 pages / Spiral-bound paperback / Catalog #£Z9020

Member: $179 / Nonmember: $209

Principles of Food Sanitation (Fifth Edition)
Norman G. Marriott and Robert B. Gravani (2006)

This book provides sanitation
information needed to ensure
hygienic practices and safe food for
food industry and regulatory
professionals. It addresses the
principles related to contamination,
cleaning compounds, sanitizing, and
cleaning equipment. It also presents
specific directions for applying these
concepts to attain hygienic
conditions in food processing or
preparation operations. The book
includes chapters that address
biosecurity and allergens as they relate to food sanitation, as well
as chapters on the fundamentals of food sanitation, contamination
sources and hygiene, HACCP, cleaning and sanitizing equipment,
and waste handling disposal. Study reference for NEHAs REHS/RS
and CP-FS exams.

413 pages / Hardback / Catalog #126

Member: $84 / Nonmember: $89

REHS/RS Study Guide (Fourth Edition)

National Environmental Health Association (2014)

NEH.

I
NATIONAL ENVIRONMENTAL HEALT® ASSOCIATION

The Registered Environmental
Health Specialist/Registered
Sanitarian (REHS/RS) credential is
NEHASs premier credential. This
study guide provides a tool for
individuals to prepare for the REHS/
RS exam and has been revised and
updated to reflect changes and
advancements in technologies and
theories in the environmental health
and protection field. The study guide
covers the following topic areas: general environmental health;
statutes and regulations; food protection; potable water;
wastewater; solid and hazardous waste; zoonoses, vectors, pests,
and poisonous plants; radiation protection; occupational safety
and health; air quality; environmental noise; housing sanitation;
institutions and licensed establishments; swimming pools and
recreational facilities; and disaster sanitation.

308 pages / Paperback / Catalog #EZ3010

Member: $149 / Nonmember: $179

Environmental Health (Fourth Edition)
Dade W. Moeller (2011)

This book provides a complete but
manageable introduction to the
complex nature of the environment,
how humans interact with it, and the
mutual impact between people and
the environments where they work
or live. This edition emphasizes the
challenges professionals will face in
the field: the local and global
implications of environmental health
initiatives, their short- and long-term
effects, their importance to both
developing and developed nations,
and the roles individuals can play in helping to resolve these
problems. This book is an indispensable resource for
practitioners, students, and anyone considering a career in
environmental public health.

518 pages / Hardback / Catalog #410

Member: $82 / Nonmember: $86 @
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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 conve-
nient 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/publications/journal-environmental-
health (click on the January/February 2016
issue in the left menu),

b) Fax the quiz to (303) 691-9490, or
¢) 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, 2016 (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

JEH Quiz #2 Answers
October 2015

1.a 4.b 7.d 10.c
2.e 5.b 8.a 11.a
& © 6.c 9.c 12.d

JEH

QuUIZ #4

> Quiz deadline: April 1, 2016 7

1.

The occurrence of foodborne disease in India is
a. overreported.

b. accurately reported.

c. underreported.

In the authors’ study, food handler knowledge gaps

related to __ were identified.
a. Cross contamination

b. hand hygiene

c. proper food cooking temperatures
d. proper food holding temperatures
e

. all of the above

The overall mean knowledge score of food handlers

surveyed in the authors’ study was
a. 24%.
b. 36%.
c. 49%.
d. 53%.

Most food handlers surveyed were knowledgeable of
how the spread of germs can be related to personal

hygiene.
a. True.
b. False.

Food handlers showed the least amount of
knowledge regarding
a. proper storage of raw meat.

b. proper food holding and cooking temperatures.

¢. possible illness caused by the consumption of
uncooked meat.

d. proper technique for thawing frozen chicken.

At the time of the study, food handlers employed
in restaurants in Chennai were required to obtain
a Medical Fitness Certificate, but only __ reported
having one.

a. 10%

b. 28%

c. 38%

d. 52%

©

A Step Towards Improving Food Safety in India: Determining Baseline Knowledge
and Behaviors Among Restaurant Food Handlers in Chennai

Restaurants were selected for the study using __
sampling.

a. purposive

b. random

C. Cluster

d. stratified

0f the restaurants that participated in the survey,

the largest percentage can be characterized as __

services.
a. fast food
b. informal
c. formal
d. mobile

__of food handlers surveyed received no food
safety training from their place of employment.
a. Twenty-two percent

b. Forty-four percent

c. Fifty-six percent

d. Eighty-seven percent

. Food handlers ages __ had a greater mean

knowledge score compared to other age ranges.
a. 181029 years

b. 30 to 39 years

c. 40 years or older

11. Chefs and cooks scored higher mean knowledge

scores than managers and supervisors.
a. True.
b. False.

. Of the food handlers surveyed, __ had knowledge

about India’s Food Safety Standards regulation.
a. 17%
b. 27%
c. 54%
d. 78%
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Preparedness, Alabama Department of
Public Health, Montgomery, AL.
tim.hatch@adph.state.al.us

Alabama, Florida, Georgia, Mississippi,
North Carolina, South Carolina, and
Tennessee. Term expires 2017.

Region 8—LCDR James Speckhart, MS,
USPHS, Health and Safety Officer, FDA,
CDRH-Health and Safety Office, Silver
Spring, MD.

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 2018.

Region 9—Edward L. Briggs, MPH, MS,
REHS, Director of Health, Town of
Ridgefield Department of Health,
Ridgefield, CT.

eb.health@ridgefieldct.org

Connecticut, Maine, Massachusetts, New
Hampshire, New Jersey, New York, Rhode
Island, and Vermont. Term expires 2016.

Affiliate Presidents

Alabama—Haskey Bryant, MPH, MPA,
Environmental Health Specialist, Jefferson
County Dept. of Health, Birmingham, AL.
haskey.bryant@jcdh.org
Alaska—Christopher Fish, Anchorage, AK.
fish.christopher@gmail.com
Arizona—Michelle Chester, RS/REHS,
Training Officer, Maricopa County

Environmental Services, Phoenix, AZ.
mchester@mail. maricopa.gov

Arkansas—]Jeff Jackson, Camden, AR.
jeff jackson@arkansas.gov

Business & Industry—Shelly
Wallingford, MS, REHS, Retail Quality
Assurance Manager, Starbucks, Denver, CO.
swalling@starbucks.com

California—Matthew Reighter, MPH,
REHS, Environmental Health Specialist,
County of Orange, Santa Ana, CA.
president@ceha.org

Colorado—Alexandra Hawley, Colorado
Dept. of Public Health and Environment,
Denver, CO.

alex. hawley@state.co.us

Connecticut—Stephen Civitelli, RS,
Town of Wallingford, Wallingford, CT.
wlfdsan@yahoo.com

Florida—Garry Schneider, Orlando, FL.
gschneider@cfl.rr.com

Georgia—Maggie Rickenbaker,
Agriculture Compliance Specialist, Georgia
Dept. of Agriculture, Savannah, GA.
maggie.rickenbaker@agr.georgia.gov

Hawaii—John Nakashima, Sanitarian IV,
Food Safety Education Program, Hawaii
Dept. of Health, Hilo, HI.
john.nakashima@doh.hawaii.gov

Idaho—Patrick Guzzle, MA, MPH, REHS,
Food Protection Program Manager, Idaho
Dept. of Health and Welfare, Boise, ID.
guzzlep@dhw.idaho.gov

Illinois—Katie Lynn, Fulton County
Health Dept., Canton, IL.
klynn@fultonco.org

Indiana—Denise Wright, Training Officer,
Indiana State Dept. of Health, Indianapolis, IN.
dhwright@isdh.in.gov

Iowa—James Hodina, MS, QEP, Manager,
Environmental Public Health, Linn County
Public Health, Cedar Rapids, IA.
james.hodina@linncounty.org

Jamaica—Steve Morris, Chief Public
Health Inspector, Ministry of Health, St.
Catherine, Jamaica.
president@japhi.org.jm

Kansas—Ed Kalas, RS, Plus or Minus 2
Degrees, LLC, Silver Lake, KS.
ed.kalas@yahoo.com

Kentucky—D. Gary Brown, DrPH,
CIH, RS, DAAS, Professor and Graduate
Program Coordinator, Eastern Kentucky
University, KY.

gary.brown@eku.edu

Louisiana—Bill Schramm, Louisiana
Dept. of Environmental Quality, Baton
Rouge, LA.

bill.schramm@la.gov

Maryland—James Lewis, Westminster, MD.
jlewis@mde.state.md.us

Massachusetts—Alan Perry, REHS/RS,
Health Agent, City of Attleboro,
Attleboro, MA.
healthagent@cityofattleboro.us

Michigan—Christine Daley,
Environmental Health Supervisor,
Chippewa County Health Dept., Sault Ste.

Marie, MI.
cdaley@meha.net

Minnesota—Sadie Pulk, MA, REHS,
Process Analyst, Target Corporation,
Minneapolis, MN.
sadie.pulk@target.com

Mississippi—Susan Bates, Mississippi
Dept. of Health/Webster County Health
Dept., Pheba, MS.
susan.bates@msdh.state.ms.us

Missouri—Dan Schneiderjohn, Columbia/
Boone County Public Health, Columbia, MO.
drschnei@gocolumbiamo.com

Missouri Milk, Food, and Environmental
Health Association—Chelsea Chambers.
cmchambe@gocolumbiamo.com

Montana—Erik Leigh, RS, Public Health
Sanitarian, State of Montana DPHHS,
Helena, MT.

eleigh@mt.gov

National Capitol Area—Shannon
McKeon, Environmental Health Specialist,
Fairfax, VA.

smckeon@ncaeha.com

Nebraska—Allen Brown, REHS,
Environmental Health Inspector, Douglas
County, Omaha, NE.
allen.brown@douglascounty-ne.gov

Nevada—Tamara Giannini,
Environmental Health Supervisor, Southern
Nevada Health District, Las Vegas, NV.
giannini@snhdmail.org

New Jersey—Robert Uhrik, Senior REHS,
South Brunswick Township Health Dept.,
Township of South Brunswick, NJ.
ruhrik@sbtnj.net

New Mexico—Esme Donato,
Environmental Health Scientist, Bernalillo
County, Albuquerque, NM.
edonato@bernco.gov

New York—Contact Region 9 Vice
President Edward L. Briggs.
eb.health@ridgefieldct.org

North Carolina—Lillian Henderson,
REHS, Davidson County Health Dept.,
Lexington, NC.
lillian.henderson@davidsoncountync.gov

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

Northern New England Environmental
Health Association—Co-president Brian
Lockard, Health Officer, Town of 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—Jerry Bingham, RS, Supervisor,
Toledo-Lucas County Health Dept.,
Toledo, OH.

binghamj@co.lucas.oh.us

Oklahoma—]James Splawn, RPS, RPES,
Sanitarian, Tulsa City-County Health Dept.,
Tulsa, OK.

tsplawn@tulsa-health.org
Oregon—William Emminger, Corvallis, OR.
bill.emminger@co.benton.or.us
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Past Presidents—Alicia Collins, REHS,
Lilburn, GA.

enriqueza@comcast.net
Pennsylvania—TBD

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—Timothy Kinney,
Environmental Health Manager, SCOHEC-
BEHS Enforcement Section, Columbia, SC.
kinneyte@dhec.sc.gov

South Dakota—John Osburn, Pierre, SD.
john.osburn@state.sd.us
Tennessee—Larry Manis, Loudon
County Health Dept., Loudon, TN.

larry. manis@tn.gov

Texas—Monty McGuffin, Senior
Sanitarian, City of San Antonio, TX.
mmcguffin@sanantonio.gov

Uniformed Services—MA]J Joseph Hout,
MSPH, PhD, REHS, CPH, Industrial
Hygiene Chief, Academy of the Health
Sciences, Ft. Sam Houston, TX.
joseph.j.hout. mil@mail.mil
Utah—Rachelle Blackham, Davis
County, Farmington, UT.
rblackham@co.davis.ut.us
Virginia—Mark Cranford, REHS, CP-FS,
Environmental Health Specialist, Virginia
Dept. of Health, Charlottesville, VA.
mark.cranford@vdh.virginia.gov
‘Washington—Michael Baker, MS, PhD,
Dept. of Environmental Health Director,
Whitman County Public Health, Pullman, WA.
michael baker@whitmancountynet

West Virginia—Ronald Dellinger, REHS/
RS, WVDHHR/BPH/OEHS/PHS, Beckley, WV.
jarod.r.dellinger@wv.gov
Wisconsin—Laura Temke, REHS,
CP-FS, HHS, Environmentalist, City of
West Allis Health Dept., West Allis, WI.
ltemke@westalliswi.gov

Wyoming—Tiffany Gaertner, REHS,
CP-FS, EHS 11, Cheyenne-Laramie County
Health Dept., Cheyenne, WY.
tgaertner@laramiecounty.com

NEHA Historian

Dick Pantages, NEHA Past President,
Fremont, CA.
dickpantages@comcast.net

Technical Advisors

Air Quality—David Gilkey, PhD, Asso-
icate Professor, Colorado State University,
Ft. Collins, CO.

dgilkey@colostate.edu

Aquatic Health/Recreational Health—
Tracynda Davis, MPH, President, Davis
Strategic Consulting, LLC, Colorado
Springs, CO.

tracynda@gmail.com

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

Children’s Environmental Health—Anna
Jeng, MS, ScD, Associate Professor and

Graduate Program Director, Old Dominion
University, Norfolk, VA.
hjeng@odu.edu

Climate Change—Leon Vinci, DHA, RS,
Founder & CEO, Health Promotion Con-
sultants, Roanoke, VA.

1fv6@aol.com

Drinking Water/Environmental Water
Quality—Sharon Smith, REHS/RS,
Sanitarian Supervisor, Minnesota Dept. of
Health, Underwood, MN.
sharon.l.smith@state.mn.us

Emergency Preparedness and
Response—Marcy Barnett, MA, MS,
REHS, Emergency Preparedness Liaison,
California Dept. of Public Health, Center
for Environmental Health, Sacramento, CA.
marcy.barnett@cdph.ca.gov

Emergency Preparedness and
Response—Martin Kalis, Public Health
Advisor, CDC, Atlanta, GA.
mkalis@cdc.gov

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

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

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

General Environmental Health—ML
Tanner, HHS, Former Program Manager,
Swansea, SC.

mlacesmom@gmail.com

Hazardous Materials/Toxic Sub-
stances—Sarah Keyes, MS, Health,
Safety, and Environmental Manager, Peter
Cremer North America, LP, Cold Spring, KY.
skeyes@petercremerna.com

Hazardous Materials/Toxic Sub-
stances—Crispin Pierce, PhD, Assistant
Professor, University of Wisconsin-Eau
Claire, Eau Claire, WI.
piercech@uwec.edu

Hazardous Materials/Toxic Sub-
stances—Stew Whitney, Waste Program
Supervisor, Ottawa County Health Dept.,
Holland, MI.

swhitney@miottawa.org

Healthy Communities/Built Environ-
ment—Sandra Whitehead, MPA, PhD,
Director of Healthy Community Design,
NACCHO, Washington, DC.
whitehead.sandra. 1@gmail.com

Healthy Homes and Housing—Judeth
Luong, Program Manager, City of Long
Beach Health Dept., Fountain Valley, CA.
Judeth.Luong@longbeach.gov

Healthy Homes and Housing—Ruth
Ann Norton, President & CEO, Green &
Healthy Homes Initiative, Baltimore, MD.
ranorton@ghhi.org

Informatics and Technology—Darryl
Booth, MPA, President/General Manager
Environmental Health, Accela, Fresno, CA.
dbooth@accela.com

Injury Prevention—Alan Dellapenna,
RS, Branch Head, Injury and Violence
Prevention Branch, North Carolina Divi-

sion of Public Health, Raleigh, NC.
alan.dellapenna@dhhs.nc.gov

Institutions—Robert W. Powitz, MPH,
PhD, RS, CP-FS, DLAAS, Principal Con-
sultant, R.W. Powitz & Associates, PC,
Old Saybrook, CT.
powitz@sanitarian.com

International Environmental Health—
Sylvanus Thompson, PhD, CPHI(C),
Associate Director, Toronto Public Health,
Toronto, ON, Canada.
sthomps@toronto.ca

Land Use Planning and Design—Robert
‘Washam, MPH, RS, Jensen Beach, FL.
b_washam@hotmail.com

Occupational Health/Safety—Tracy
Zontek, PhD, Assistant Professor, Envi-
ronmental Health Program, Western Caro-
lina University, Cullowhee, NC.
zontek@email. weu.edu

Onsite Wastewater—Joelle Wirth, RS,
Program Manager II, Environmental Qual-
ity Division, Coconino County Health
Dept., Flagstaff, AZ.
jwirth@coconino.az.gov

Onsite Wastewater—Denise Wright,
Training Officer, Indiana State Dept. of
Health, Indianapolis, IN.
dhwright@isdh.in.gov

Radiation/Radon—Bob Uhrik, Senior
REHS, South Brunswick Township, Mon-
mouth Junction, NJ.

ruhrik@sbtnj.net

Risk Assessment—]Jason Marion, PhD,
Assistant Professor, Eastern Kentucky
University, Richmond, KY.
jason.marion@eku.edu

Risk Assessment—Kari Sasportas,
MPH, REHS/RS, Environmental Health
Specialist, Cambridge Public Health Dept.,
Cambridge, MA.
ksasportas@challiance.org

Schools—Stephan Ruckman, Environ-
mental Health Manager, Worthington City
Schools, Dublin, OH.
mphosu@yahoo.com

Sustainability—Tim Murphy, PhD,
RESH/RS, DAAS, Associate Professor and
Dept. Chair, The University of Findlay,
Findlay, OH.

murphy@findlay.edu

Vector Control/Zoonotic Disease Con-
trol—Zia Siddiqi, PhD, BCE, Director of
Quality Systems, Orkin/Rollins Pest Con-
trol, Atlanta, GA.

zsiddiqi@rollins.com

Workforce Development, Management,
and Leadership—CAPT Michael Her-
ring, MPH, REHS, USPHS (ret.), Surl
City, NC.

captmike@hotmail.com

Workforce Development, Management,
and Leadership—George Nakamura,
MPA, REHS, RS, CP-FS, DAAS, CEO,
Nakamura Leasing, Sunny Vale, CA.
gmlnaka@comcast.net

NEHA Staff:
(303) 756-9090
Rance Baker, Program Administrator,

NEHA Entrepreneurial Zone (EZ),
ext. 306, rbaker@neha.org

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

Sarah Capps, Instructional Designer, EZ,
ext. 320, scapps@neha.org

Ellen Cornelius, Project Specialist,
Research and Development (R&D),

ext. 307, ecornelius@neha.org

Ginny Coyle, Project Coordinator, R&D,
ext. 346, gcoyle@neha.org

Vanessa DeArman, Project Coordinator,
R&D, ext. 311, vdearman@neha.org
Cindy Dimmitt, Member Services/
Accounts Receivable, AEC Registration
Coordinator, ext. 309, cdimmitt@neha.org
Elizabeth Donoghue-Armstrong, Copy
Editor, Journal of Environmental Health,
nehasmtp@gmail.com

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

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

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

Nancy Finney, Technical Editor, EZ,

ext. 326, nfinney@neha.org

Michael Gallagher, Operations and
Logistics Planner, NEHA EZ, ext. 343,
mgallagher@neha.org

Laura Gallaher, Education Coordinator,
ext. 313, Igallaher@neha.org

TJay Gerber, Credentialing Coordinator,
ext. 328, tgerber@neha.org

Arwa Hurley, Website and Digital Media
Specialist, ext. 327, ahurley@neha.org
Dawn Jordan, Member Services, Human
Resources, and Office Manager, ext. 312,
djordan@neha.org

Erik Kosnar, Learning Content
Production Assistant, NEHA EZ, ext. 318,
ekosnar@neha.org

Elizabeth Landeen, Assistant Manager,
R&D, (702) 802-3924, elandeen@neha.org
Matt Lieber, Database Administrator,
mlieber@neha.org

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

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

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

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

Solly Poprish, CDC Public Health
Associate Program Intern, ext. 335,
spoprish@neha.org

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

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

Rachel Sausser, Member Services/
Accounts Receivable, ext. 300,
rsausser@neha.org

Clare Sinacori, Marketing and
Communications Manager, ext. 319,
csinacori@neha.org

Christl Tate, Project Coordinator,

R&D, ext. 305, ctate@neha.org

Sharon Unkart, Instructional Designer,
NEHA EZ, ext. 317, sdunkart@neha.org

Please submit any information updates to jeh@neha.org.
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continued from page 126

tion and today it is around 1:2,000. What
does that mean? I'm not sure, and of course
there are many ways to interpret this data.
How about environmental health?

Speaking to our profession, the number
of individuals working in environmental
health is evidently a little more complicated
to estimate as described by my friend Mehran
Massoudi and two others in an article pub-
lished in the JEH in 2012 (Massoudi, Blake,
& Marcum, 2012). The conversation around
enumerating the environmental health work-
force immediately enters a rabbit hole when
one crosses into the abyss of the “environ-
mental health professional vs. professional
working in environmental health.” So I am
going to steer clear of that and suggest there
are about 20,000 of us in the U.S. working in
the profession.

So, if the de Beaumont Foundation data is
correct, and let’s accept it at face value, the
$64,000 question is, Is there an impend-
ing environmental health workforce crisis
as well? T am going to dodge the empirical
question about numbers, and leave that for
a later column. I do want to address some is-
sues that may be affecting the environmental
health workforce and in the process suggest
that we are masters of our own destiny.

The first issue I'd like to address is one of
workforce retention, and direct your atten-
tion to the second infographic (Figure 2).
If you study it carefully, you'll note leaders
within the profession can control many of
things that make the workplace a reason-
ably pleasurable and rewarding place to be,
including making entry into the workforce
easier. That is the effect of quality supervi-
sory and organizational support. I know
from my time in academia that many young
people opted not to work for the local health
department not because they didn’t want to,
but because they simply could not afford to
wait for the extended time periods that often
accompany county and city human resource
processes to be completed. In some cases it
took months to fill an entry-level position.
In this day and age of managing life in nano-
seconds, governmental human resource pro-
cesses can and must change with the times.

The de Beaumont study also suggests that
the workforce exodus is not simply among re-
tirees. The study confirms what I already knew.
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FIGURE 2

Workforce Retention

There's a lot that can be done
beyond increasing pay to make
people stay. Job satisfaction
and organizational satisfaction
also play a large role.

WORKFORCE RETENTION

Intention to Leave Decreases

—

5%
when satisfied

with job security

when satisfied
with pay

Supervisory Support

Actions That Can Influence Job Satisfaction

Job satisfaction dramatically increases when workers
receive the following support (in priority order):

Organizational Support

Good working relationship
Treated with respect
Support employee development

Opportunities to demonstrate
leadership skills

Work well with people of
difference backgrounds

Source: de Beaumont Foundation. Used with permission.

Creativity and innovation
are rewarded

Training needs are assessed

Training to fully utilize job-related
technology

Good communication between
leadership and employees

Reasonable workload

In fact, this development has been underway
for quite a while. During my time at NACCHO,
board members communicated that they read-
ily accepted that employees would work for
them for a few years, leave to explore other
opportunities, then return when the time was
right. This is probably the new normal.

[ have articulated in other columns that we
don’t have an environmental health crisis, we
have a crisis in leadership and management,
and that too is in our control. Employees
desire to work in environments where they
are engaged, empowered, and enabled. Not
only does this make sense, it is an operation-
al imperative. We want our teams to grow
professionally as we groom the next genera-
tion and construct succession plans. People,
we are what we leave behind.

I also take issue with the perception that
there is insufficient talent to carry the mantle
of our profession into the future. As I under-

stand it, public health is the ninth most pop-
ular undergraduate degree in the U.S. A very
common question I receive from young peo-
ple is centered on employment opportunities
and entry into the job market. We don’t have
a talent bandwidth issue; there are plenty of
qualified young people. The white elephant
in the room is compensation relative to stu-
dent loan debt, which is currently a subject
du jour among presidential hopefuls. Again,
this requires inspired leadership.

Now then, I have buried this paragraph
deep in this editorial for a reason. It is pain-
ful, but needs to be said. For those of you
nearing retirement, thank you for all you
have accomplished; today we stand on your
shoulders. At the same time I have observed
a troubling national trend characterized by
retirees who return to the system as double
dippers or consultants, impeding the upward
trajectory for the new generation of envi-



ronmental health professionals. Our young,
emerging leaders desire take on the environ-
mental health challenges of their time. Please
create leadership opportunities for them.

As T close, I want to mention clothes. For
the next generation of environmental health
leaders, please dress the part. All across this
great country we conduct ourselves with pro-
fessionalism and commitment. Yet time after
time we are not perceived as influencers or
key decision makers. Why? Look how attor-
neys and engineers dress when they are in
the public eye. I get it. For many years I wore
blue jeans and a hard hat to work, because I

NEHA

was in the field collecting samples and man-
aging projects. The truth is, however, that
people treat you the way you dress. Dress for
the job you want, not the one you have. That
means when you are in public or working in
the office, dress to demand respect.

Reportedly a sizeable piece of our 20,000-
strong environmental health workforce mass is
accelerating out the door. In many respects this
is a good thing, and reflects the new normal.
Let’s focus attention on the things we control
and influence, starting with organizational cul-
ture and our personal appearance. We don’t
have a moment to waste. &%
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Students Encouraged to Apply for Environmental
Health Internships

NEHA, in collaboration with the Association of Environmental Health
Academic Programs, is accepting applications for the National Envi-
ronmental Public Health Internship Program (NEPHIP). NEHA will
accept up to 30 Centers for Disease Control and Prevention (CDC)-
sponsored environmental health internships for summer 2016. Stu-
dents from National Environmental Health Science and Protection
Accreditation Council-accredited undergraduate and graduate pro-
grams are eligible to apply for an 8 to 10 week internship at local,
state, or tribal environmental health departments across the country.

NEHA will award students a stipend of up to $4,000 dollars
($400 per week) for completing the internship. An additional sti-
pend is available to cover the costs of relocating for the intern-
ship. Students interested in applying to NEPHIP should submit an
application at www.neha.org/professional-development/students/
internship by February 15, 2016.

Last year was the first time these CDC-supported internships in
environmental health were offered, and 12 interns were placed in
health departments across the U.S. These interns were involved in
a wide range of activities such as studying contamination levels of
surface water and groundwater, building on tracking initiatives by
presenting pesticide exposures and illness information, and com-
pleting asset mapping in regards to sustainable environments in
communities. To learn more about past student internship expe-
riences, visit www.neha.org/professional-development/students/
internship/2015-student-success-stories.

Unique Vectors and Public Health Pests
Opportunity

Through a partnership with CDC’s National Center for Environ-
mental Health, NEHA is pleased to announce its first-ever virtual
conference, Enhancing Environmental Health Knowledge (EEK):
Vectors and Public Health Pests, on April 13-14, 2016. The goal
of this virtual conference is to enhance the knowledge of envi-

ronmental health professionals on vectors and public health pests
in order to help them better prepare to respond to environmental
events of public health concern. Conference content will include
topics such as

* rodents, ticks, mosquitoes, and bed bugs;

* institutional integrated pest management;

* emerging vectors and vectorborne diseases;

* new technologies in vector and pest control;

* climate change and vectors;

* lessons learned;

® inspection successes;

e stories from the field; and others.

This virtual conference is a unique opportunity to help advance
and interact with environmental health professionals around top-
ics and issues in vectors and public health pests in a new and excit-
ing virtual environment. You can attend EEK: Vectors and Public
Health Pests from anywhere using your tablet or laptop.

For more information about the conference or to submit an ab-
stract to present, please visit www.neha.org/vectors-pests-conference.

2016 HUD Secretary’s Awards for Healthy Homes
The U.S. Department of Housing and Urban Development (HUD),
in partnership with NEHA, announces the second annual Secretary’s
Awards for Healthy Homes. These awards will recognize excellence
in healthy housing innovation and achievement in three categories:
Public Housing/Multifamily Supported Housing, Policy and Re-
search Innovation, and Cross Program Coordination among Health,
Environment, and Housing. The activities or policies nominated
must show measurable benefits in the health of residents and be
available to low- and/or moderate-income families. Applications will
be open January 15 on NEHAs and HUD’s Web sites and are due no
later than 11:59:59 p.m. PST, February 29. Previous award winners
are ineligible to apply. The awards will be presented at the NEHA
2016 Annual Educational Conference (AEC) & Exhibition and HUD
Healthy Homes Conference (www.neha.org/aec), June 13-16, in San
Antonio, Texas. &

January/February 2016 ¢ Journal of Environmental Health 121




YOUR ASSOCIATION

SPECIAL NEHA

Sustaining Members

Abila
www.abila.com

Accela
www.accela.com

Advanced Fresh Concepts Corp.
www.afcsushi.com

AIB International
www.aibonline.org

Albuquerque Environmental Health
Department
www.cabq.gov/environmentalhealth
Allegheny County Health Department
www.achd.net

American Academy

of Sanitarians (AAS)
WWWw.sanitarians.org

American Chemistry Council
www.americanchemistry.com

Arlington County Public Health Division
www.arlingtonva.us

Ashland-Boyd County Health
www.abchdkentucky.com

Association of Environmental Health
Academic Programs
www.aehap.org

ATSDR/DCHI
www.atsdr.cdc.gov/hac

Building Performance Center, a
Department of The Opportunity
Council
www.buildingperformancecenter.org

Cabell-Huntington Health Department
www.cabellhealth.org

Chemstar Corporation
www.chemstarcorp.com

Chesapeake Health Department
www.vdh.state.va.us/lhd/chesapeake

City of Houston Environmental Health
www.houstontx.gov/health/
environmental-health

City of Milwaukee Health Department,
Consumer Environmental Health
http://citymilwaukee.gov/Health

City of Phoenix, Neighborhood
Services Department
www.phoenix.gov/nsd

City of St. Louis Department of Health
www.stlouis-mo.gov/government/
departments/health

Coconino County Public Health
WWW.COCOnino.az.gov

Colorado Department of Public
Health & Environment, Division
of Environmental Health and
Sustainability, DPU
www.colorado.gov/pacific/cdphe/dehs

Custom Data Processing, Inc.
www.cdpehs.com

DEH Child Care
www.denvergov.org/DEH

Digital Health Department, Inc.
www.dhdinspections.com

Diversey, Inc.

www.diversey.com

Douglas County Health Department
www.douglascountyhealth.com
DuPage County Health Department
www.dupagehealth.org

Eastern Idaho Public Health District
www.phd7.idaho.gov

Ecolab

www.ecolab.com

EcoSure
charlesa.arnold@ecolab.com

Erie County Department of Health
www2.erie.gov/health

Florida Department of Health in
Sarasota County
http://sarasota.floridahealth.gov
GLO GERM/Food Safety First
www.glogerm.com

Health Department of Northwest
Michigan

www.nwhealth.org

Hedgerow Software Ltd.
www.hedgerowsoftware.com
International Association of
Plumbing and Mechanical Officials
(IAPMO)R& T

WWW.iapmo.org

ITW PRO Brands
http://itwprofessionalbrands.com
Jefferson County Health Department
(Missouri)

www.jeffcohealth.org

Jefferson County Public Health
(Colorado)

http://jeffco.us/health

Kenosha County Division of Health
www.co.kenosha.wi.us

Kent County Health Department
www.accesskent.com/Health/health_
department.htm

LaMotte Company
www.lamotte.com

Linn County Public Health
health@linncounty.org

McDonough County Health
Department

www.mchdept.com

Mesothelioma Lawyer Center
www.mesotheliomalawyercenter.org
mesotheliomalawyers.com
www.mesotheliomalawyers.com
Micro Essential Lab
www.microessentiallab.com
Mid-Iowa Community Action
www.micaonline.org

Mitchell Humphrey
www.mitchellhumphrey.com
Multnomah County Environmental
Health

www.multco.us/health

National Environmental Health
Science and Protection Accreditation
Council

www.ehacoffice.org

National Registry of Food Safety
Professionals

www.nrfsp.com

National Restaurant Association
WWWw.restaurant.org

National Swimming Pool Foundation
www.nspf.org

New Mexico Environment Department
Www.nmenv.state.nm.us

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

North Bay Parry Sound District
Health Unit

www.myhealthunit.ca

NSF International

www.nsf.org

Omaha Healthy Kids Alliance
www.omahahealthykids.org

Oneida Indian Tribe of Wisconsin
www.oneidanation.org

Orkin

www.orkincommercial.com

Ozark River Hygienic Hand-Wash
Station

www.ozarkriver.com

PinnacleHealth Lead and Healthy
Homes Program
www.pinnaclehealth.org

Presby Environmental, Inc.
www.presbyeco.com

Pride Community Services
www.prideinlogan.com

Prometric

WWWw.prometric.com

Protec Instrument Corporation
www.protecinstrument.com

Racine City Department of Health
www.cityofracine.org/Health

San Jamar

WWW.sanjamar.com

Seattle & King County Public Health
www.kingcounty.gov/healthservices/
health.aspx

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

Skillsoft

www.skillsoft.com

Sonoma County Permit and Resource
Management Department, Wells and
Septic Section
Wwww.sonoma-county.org/prmd
Starbucks Coffee Company
www.starbucks.com
StateFoodSafety.com
www.statefoodsafety.com

Stater Brothers Market
www.staterbros.com

Steton Technology Group, Inc.
www.steton.com

Sweeps Software, Inc.
www.sweepssoftware.com

Texas Roadhouse
www.texasroadhouse.com

The Steritech Group, Inc.
www.steritech.com

Tri-County Health Department
www.tchd.org

Underwriters Laboratories, Inc.
www.ul.com

Waco-McLennan County Public
Health District
WWW.Waco-texas.com/cms-
healthdepartment

Washington County Environmental
Health (Oregon)
www.co.washington.or.us/HHS/
EnvironmentalHealth

Waukesha County Public
Health Division
sward@waukeshacounty.gov

West Virginia Office of Economic
Opportunity

WWW.080.WV.gOV

Williams Comfort Products
www.wic-fc.com

WYVDHHR Office of Environmental
Health Services
www.dhhr.wv.gov

XTIVIA
www.xtivia.com

Educational Institution
Members

American Public University
www.StudyatAPU.com/NEHA

East Central University
www.ecok.edu

East Tennessee State University, DEH
www.etsu.edu

Eastern Kentucky University
http://eh.eku.edu

Michigan State University, Online
Master of Science in Food Safety
www.online.foodsafety. msu.edu

The University of Findlay
www.findlay.edu

University of Illinois Springfield
www.uis.edu/publichealth

University of Vermont Continuing
and Distance Education
http://learn.uvm.edu

University of Wisconsin-Oshkosh,
Lifelong Learning & Community
Engagement

www.uwosh.edw/llce

University of Wisconsin-Stout,
College of Science, Technology,
Engineering, and Mathematics
www.uwstout.edu ZR
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NEHA 2016 AEC and HUD Healthy Homes Conference
June 13-16, 2016
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Exhikition

Act now to join us for the NEHA 2016 AEC and
HUD Healthy Homes Conference. If your market

is environmental health professionals, then your
organization can’t afford to pass up the business
opportunities that await at the NEHA 2016 AEC and
HUD Healthy Homes Conference.

Exhibiting at this conference allows you to meet face-to-
face with over 1,200 environmental health and

healthy homes professionals from all over the nation.
Network with colleagues, exchange information, and
showcase your solutions to environmental health issues.

Opportunities for Visibility and Connections
e Face-to-Face
e Sponsorships
* Online
e Direct Mail and Hard Copy Promotions

Exhibition Dates
e Set up: June 13
e Exhibition days: June 13-14
e Break down: June 14

Responses from our past AEC attendees
when asked, “What benefits do you derive from
attending the Exhibition?”

68(y Opportunity to speak directly with
0 company representatives

58(y Find solutions to existing challenges in the workplace
0 to purchase or recommend for purchase

Additional information and registration at neha.org/aec/exhibition
or contact sfink@neha.org.
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Make Your Plans to oin Us

June 13-16, 2016

Hegistration

Take advantage of early registration pricing until April 15, 2016.

Register now at neha.org/aec Member Non-Member
Early Registration: Full Conference $575 $750
Early Registration: Full Conference +

1 year NEHA Membership Hei B
Single Day Registration $310 $365

.
Reservations
Choose from one of our designated hotels with
room blocks where you can get discounted rates.

¢ Hyatt Regency San Antonio
e San Antonio Marriott Rivercenter (Exhibition location)
¢ Hilton Palacio del Rio

Reserve at neha.org/aec/hotel

Discover the Unforgettable

Check out this video of Unforgettable San Antonio
(visitsanantonio.com/english/Explore-San-Antonio/
Only-in-San-Antonio/River-Walk /Unforgettable-Video)
and view more like this one at visitsanantonio.com.




*

Freliminary Schedule

Friday, June 10
Review Courses: REHS /RS, CCFS

Saturday, June 11
Review Courses: REHS /RS, CCFS, CP-FS

Sunday, June 12
Review Courses: REHS/RS, CCFS, CP-FS
Exam: REHS/RS

Monday, June 13
Exams: CCFS, CP-FS
Events:
® ‘Community Event
e First-Time Attendee Meeting
e Keynote & Opening Session
e Exhibition Grand Opening & Party

Tuesday, June 14
Events:
e Education Sessions
e Exhibition

Wednesday, June 15
Events:
e Breakfast & Town Hall Assembly
e Education Sessions
e Poster Session
e Texas Social

Thursday, June 16
Events:
e Education Sessions
¢ (Closing Session

NEHA 2016 AEC and

> NEHA 2016 AEC and
HUD Healthy Homes Conference

*Schedule is tentative and subject to change. .
SAN ANTONIO, TX JUNE 13-16, 2016
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» DirecTalk MUSINGS FROM THE 10TH FLOOR

David Dyjack, DrPH, CIH

s Yogi Berra once said “It's déja vu
A all over again.” For the last 10 years,

perhaps longer, 1 have been privi-
leged to participate in national conversations
about the impending public health workforce
crisis. The storyline approximates something
to the effect that the baby boom generation is
about to depart the public health workforce
en masse, leaving a crippled and feckless
public health infrastructure behind. A recent
study conducted by the de Beaumont Foun-
dation in partnership the Association of State
and Territorial Health Officials (ASTHO) has
fueled another wave of concern about im-
pending retirements and fleeing intellectual
capital from the governmental workforce.
Their study methodologies are sound and
both are blue-chip organizations. The origi-
nal study can be found at http:/journals. Iww.
com/jphmp/toc/2015/11001. I encourage you
to read the entire supplement.

To muddle this issue, note that the Na-
tional Association of County and City Health
Officials (NACCHO) has conducted similar
surveys and has not found the same kind of
alarming data at the local level. A 2014 article
published in the American Journal of Preven-
tive Medicine suggested that retirement rates
and other departures have been pretty steady
at about 10%. About one-third of that is retir-
ees (Newman, Ye, & Leep, 2014).

A closer examination of the data provided
in the workforce turnover infographic (Fig-
ure 1) is instructive. The U.S. population in
1980 was roughly 226 million and today it
has grown to around 325 million. Over the
same interval the public health workforce
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FIGURE 1

Workforce Turnover

4 8 plan to leave governmental

public health before 2020
AVERAGE AGE
OF STATE PUBLIC

HEALTH WORKER

Expected Turnover by Region

WORKFORCE TURNOVER
38"

18

of workers intend to leave
their job within 1 year

o

e -  —

Who's Planning to Leave?
ﬂ Those aged 25 to 40 years
ﬁ Racial/ethnic minorities

ﬁ Those earning less
than*35,000/yr

ﬁ Those with less than
10 years of experience
in public health

The ratio of public health workforce to US population
has decreased drastically

Number of Public Health Workers
(per 100,000 People)

220
e -
I
1980 (i 2000
Year

Source: de Beaumont Foundation. Used with permission.

12% of positions
at state health 4
agencies are vacant |

Only 24% of those vacancies
are being recruited for

was reduced from 220,000 to its present-day
estimate of about 160,000. Using these fig-
ures, and rounding to the nearest zero, the

data suggests the workforce ratio in 1980 was
one public health worker per 1,000 popula-
continued on page 120
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Love your iPad?

With the first fully
functional Environmental Health Inspection App

HealthSpace Tueh® is the downloadable

inspection App designed for the Environmental

Health Inspector

e Work disconnected in the field
* Maps to your existing inspection forms
¢ Sign & Email reports from your tablet

e Sync with your servers when internet
connection is available

e Touch & Tap, easy screen navigation
e |Integrates with your calendar
e Available for iPad or Android

e Highlight your report with the instant
photo and telestrator function

HEALTHSFPACE

meh

For more information please visit us at:

www.healthspace.com
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» INTERNATIONAL PERSPECTIVES

Morbidity and Mortality of
Residents Living Near a Municipal
Solid Waste Landfill in Northwest
Italy From 1980 to 2009

A b S t Frac t The ecological study described in this article assessed
morbidity and mortality excesses in the eight municipalities surrounding
the municipal solid waste landfill of Barengo (Novara, northwest Italy). The
resident populations living in this area on December 31, 1991, and Decem-
ber 31, 2005, were assessed. Standardized incidence and mortality ratios
were calculated using data from hospital discharge forms, death forms, and
regional databases. For congenital malformations (2003-2009 period), in-
cidence excesses were found in females. Concerning morbidity (2003-2009
period) and mortality (2000-2009 period) for all causes, the observed cases
and deaths largely exceeded the expected ones. During the 1980-2000 pe-
riod, incidence excesses of deaths were reported for small intestine cancer,
Hodgkin’s lymphoma, and soft tissue sarcomas. Although morbidity and
mortality excesses were found in the authors’ study, further studies are

needed to better identify the health-risk factors present in the area.

Introduction
Barengo is a municipality in the province of
Novara in the northwestern Italian region of
Piedmont, about 100 km northeast of the main
regional city of Turin and about 70 km north-
west of Milan, the main regional city of the
neighboring Lombardy region. Barengo and
the surrounding area are strongly influenced
by the presence of a municipal solid waste
(MSW) landfill. The area is home to more than
10,000 inhabitants (RUPAR Piemonte, 2013).
The literature has shown that environ-
mental impact is minimal where regulatory
requirements for landfills are adhered to (Bel-
lino, Falleni, Forte, & Musmeci, 1999; Foras-
tiere et al., 2011; Istituto Superiore per la Pro-

tezione e la Ricerca Ambientale, 2013). On the
contrary, when landfills are not properly man-
aged, environmental matrices degradation is
highlighted (Cabral et al., 2012; Toufexi et al.,
2013). Epidemiological studies have shown
increased morbidity and mortality for numer-
ous conditions in the more exposed areas, e.g.,
cancer and congenital malformations (Elliott
et al., 2001; Minichilli et al., 2005; Salerno &
Palin, 2011; Salerno, Palin, & Panella, 2011).
The aim of our ecological study was to
determine whether a local excess of morbid-
ity or mortality existed in the area surround-
ing the landfill of Barengo. Our research, per-
formed in February 2011, was requested by
the Local Health Unit of Novara—Azienda
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Sanitaria Locale Novara (ASL NO) (Azienda
Sanitaria Locale Novara, 2013), without
pressures of residents or local administrators,
because the above-mentioned landfill was
being extended by the managing company.
Before authorizing the extension, the Local
Health Unit of Novara wanted to make sure
that the existing landfill had not already had
a negative impact on public health.

Methods

Site Description
The landfill studied in our research is located
in “Localita Fornace Solarolo” (northwest
Italy, Piedmont region, province of Novara) in
the area of the municipality of Barengo. This
landfill is about 2 km away from the urban
area of Barengo (to the north; Figure 1), from
the town of Briona (to the southwest), and
from the town of Proh (to the south). On the
north side (facing the town of Barengo), the
dump will be widened with a second basin.
Eight municipalities (Barengo, Momo, Briona,
Fara Novarese, Sizzano, Cavaglio d’Agogna,
Cavaglietto, Vaprio d’Agogna), located in
the north of the province of Novara, form a
roughly circular area with a radius of about
7 km and a central point represented by the
town of Barengo. This is a heavily anthropized
part of the Po Valley, but it doesn’t have haz-
ardous industrial sites. The water supply of
the local population is guaranteed by an aque-
duct that receives groundwater from a moun-
tain zone, away from the landfill area.

The landfill of Barengo is a Level I con-
trolled landfill for MSW and nonhazard-
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KGUF%E 1

Location of the Landfill of Barengo

it
Lo L

from the town of Momo (to the northeast).

The landfill area (in the red circle) is about 2 km away from the urban area of Barengo (to the north) and 4 km away

ous municipal special waste, as defined
by Italian Law in D.Lgs. 152/2006 (Italian
Parliament, 2006). The landfill of Barengo
has been active since 1992 (Salerno &
Palin, 2011). The volume of materials used
for daily coverage from January 1, 2009,
to December 31, 2009, was about 31,451
m? (Salerno & Palin, 2011). Inert soil is
employed for the coverage. Topographic
controls, quarterly sent to the “Consorzio
di Bacino Basso Novarese” (Consorzio di
Bacino Basso Novarese, 2013), the landfill
managing company, showed that on Decem-
ber 31, 2009, the available residual volume
on the entire authorized surface was about
24,300 m? (Salerno & Palin, 2011).
Periodic chemical analyses, in accordance
with Italian legal criteria, are performed by
the managing company on water samples
from neighboring piezometers located in
three areas: in a sport field in Barengo, at

“Cascina Solarolo,” and in the town of Proh
(2,300 m, 890 m, and 2,200 m away from
the landfill, respectively). Such enquiries can
be used only to control the good manage-
ment of the landfill itself. Until now, neither
these analyses nor the periodic environmen-
tal monitoring conducted by the Piedmont
Regional Agency for Environmental Pro-
tection (ARPA Piemonte, 2014) showed an
involvement of local groundwater.

Reference Populations

The present study focused on three specific

epidemiological issues:

1) congenital malformations during the pe-
riod 2003-2009,

2) morbidity during the period 2003-2009
and mortality during the period 2000-
2009, and

3) mortality during the period 1980-2000.
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The reference population was represented
for the first two issues by the resident popu-
lation living on December 31, 2005, in the
above-mentioned eight municipalities sur-
rounding the landfill of Barengo and for the
third issue by the resident population living
in the same area on December 31, 1991. Data
were taken from Piedmont region demo-
graphic database (RUPAR Piemonte, 2013).

The eight municipalities surrounding the
landfill of Barengo are a part of the province
of Novara, which is a part of the Piedmont
region. Therefore, the above-mentioned refer-
ence populations were a subset of the resident
population living in the entire province of No-
vara on December 31, 2005, and on December
31, 1991, respectively. The latter were in turn
a subset of the resident population living in
the entire Piedmont region on December 31,
2005, and on December 31, 1991, respectively.

Collected Variables and Statistical
Analysis

Congenital Malformations During the Period
2003-2009

Observed cases of congenital malformations
(i.e., observed absolute frequency of hos-
pital admissions for congenital malforma-
tions) classified by type of congenital mal-
formation, age (pediatric age, i.e., 0—4 years,
and all aggregated age ranges), and gender,
during the period 2003-2009 in the total
area of the eight municipalities surround-
ing the landfill of Barengo were considered.
Data were taken from hospital discharge
forms—schede di dimissione ospedaliera
(SDOs) (Italian Health Ministry, 2013) con-
sulted in the archive of ASL NO (Azienda
Sanitaria Locale Novara, 2013).

Expected cases of congenital malforma-
tions (i.e., expected absolute frequency of
hospital admissions for congenital malforma-
tions), classified by type of congenital malfor-
mation, age (same age ranges mentioned for
observed cases), and gender for the same pe-
riod and area were calculated with an indirect
method, i.e., applying to the reference popu-
lation the standardized hospital admission
rates for congenital malformations reported
for the population of the entire province of
Novara for the years 2005-2009 (specific
rates for type of congenital malformation,
five-year age ranges, and gender: specific
rates were only available for the 2005-2009
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period). These rates were taken from Pied-
mont Region MADEsmart database (Motore
di Analisi Demografica ed Epidemiologica
[Demographic and Epidemiological Analysis
Engine] —MADEsmart, 2013).

Standardized incidence ratio (SIR) was cal-
culated as the ratio between observed and ex-
pected cases (Clayton & Kaldor, 1987). SIRs
were calculated by type of congenital malfor-
mation, age (pediatric age, i.e., 0—4 years, and
all aggregated age ranges), and gender.

Morbidity During the Period 20032009 and
Mortality During the Period 2000-2009
Observed disease cases for all causes (i.e., ob-
served absolute frequency of hospital admis-
sions for all causes), classified by age (age
ranges: 0-14, 1544, 45-69, 70+ years) and
gender during the period 2003-2009 in the to-
tal area of the above-mentioned eight munici-
palities were considered. Data were taken from
SDOs of ASL NO (Azienda Sanitaria Locale
Novara, 2013; Italian Health Ministry, 2013).

Expected disease cases for all causes (i.e.,
expected absolute frequency of hospital ad-
missions for all causes) classified by age
(same age ranges mentioned for observed
morbidity) and gender for the same period
and area were calculated with an indirect
method, i.e., applying to the reference popu-
lation the standardized hospital admission
rates for all causes reported for the popula-
tion of the entire province of Novara for the
years 2005-2009 (specific rates for five-year
age ranges and gender: specific rates were
only available for the 2005-2009 period).
These rates were taken from Piedmont region
MADEsmart database (MADEsmart, 2013).

SIR was calculated as the ratio between ob-
served and expected disease cases. SIRs were
calculated by age (age ranges: 0-14, 15-44,
45-69, 70+ years) and gender.

Observed deaths for all causes (i.e., ob-
served absolute frequency of deaths for all
causes), classified by age (age ranges: 0-14,
15-44, 45-69, 70+ years) and gender during
the period 2000-2009 in the total area of the
above-mentioned eight municipalities were
considered. Data were taken from Italian
National Institute of Statistics (ISTAT) death
forms—schede ISTAT di decesso (ISTAT,
2013), consulted in the archive of ASL NO
(Azienda Sanitaria Locale Novara, 2013).

Expected deaths for all causes (i.e., ex-
pected absolute frequency of deaths for all

causes), classified by age (same age ranges
mentioned for observed mortality) and gen-
der for the same period and area were calcu-
lated with an indirect method, i.e., applying
to the reference population the standardized
mortality rates for all causes reported for
the population of the entire province of No-
vara for the years 1998-2003 (specific rates
for five-year age ranges and gender: specific
rates were only available for the 1998-2003
period). These rates were calculated using
the absolute frequency of observed deaths,
by age and gender, reported for the popula-
tion of the entire province of Novara for the
period 1998-2003 (data source: ISTAT death
forms of ASL NO [Azienda Sanitaria Locale
Novara, 2013; ISTAT, 2013]) and the mean
resident population by age and gender for
the same area and period (data source: Pied-
mont region demographic database [RUPAR
Piemonte, 2013]).

Standardized mortality ratio (SMR) was
calculated as the ratio between observed and
expected deaths. SMRs were calculated by
age (age ranges: 0-14, 15-44, 45-69, 70+
years) and gender.

Mortality During the Period 1980-2000
Observed deaths and SMRs that referred to the
eight municipalities surrounding the landfill
of Barengo for the period 1980-2000 were
extracted (classified by municipality, death
cause, and gender) from Piedmont region
mortality database—Banca Dati Mortalita,
BDM (Dalmasso, Stroscia, Falcone, & Migli-
ardi, 2011). To calculate expected deaths and
SMRs, the Piedmont region BDM used the
standardized mortality rates by cause for the
population of the entire Piedmont region for
the years 1980-2000 (specific rates for five-
year age ranges, death cause, and gender)
and the resident population in the consid-
ered municipalities during the same period
(Dalmasso et al., 2011). Results about mor-
tality during the period 1980-2000 were then
compared to findings about morbidity during
the period 2003-2009 and mortality during
the period 2000-2009, in order to investigate
the presence of specific incidence excesses of
disease or death (by municipality, cause, and
gender) in the different periods.

The observation of specific SIRs and SMRs
provides a criterion to judge if some areas
respectively present incidence excesses of
disease or death. The exactness of this pro-
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cedure was set by 95% confidence intervals
(95% CI) obtained with the Byar method
that allows one to assess (with a 5% margin
of error) whether incidence excesses are real
or due to chance (Sahai & Khurshid, 1993).
Conventionally, SIRs and SMRs are consid-
ered statistically significant if their 95% CIs
don’t include the value 1 (Daniel, 2007). In
particular, SIRs and SMRs are conventionally
considered to point out a statistically signifi-
cant excess of morbidity or mortality, respec-
tively, when the lower limit of their 95% CIs
is >1 (Daniel, 2007). In our study, however,
SIRs and SMRs with a lower limit of 95% ClIs
> 0.95 were considered statistically signifi-
cant. To our knowledge, we were the first to
choose this unconventional interpretation.
Our study was exploratory (i.e., the first epi-
demiological study in the Barengo area) and
therefore we felt it appropriate to consider
epidemiological excesses with a lower bound
0f 95% CIs > 0.95 as worthy of attention and
further investigation.

The evaluation of disease causes (includ-
ing congenital malformations type) and death
causes was performed according to the In-
ternational Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM)
(Italian Health Ministry, 1997). Calculations
were carried out using the statistical software
Epi Info version 3.5.1 (Centers for Disease
Control and Prevention, 2013).

Results

Reference Populations

The resident population living on December
31, 1991, and on December 31, 2005, in the
eight above-mentioned municipalities over-
all amounted to 10,963 (5,298 males and
5,665 females) and 11,122 inhabitants (5,441
males and 5,681 females), respectively. These
two populations are described, classified by
municipality, gender, and age (pediatric age
and age ranges), in Table 1.

Congenital Malformations During the
Period 2003-2009

Analysis of congenital malformations during
the period 2003-2009 in the total area of the
eight municipalities surrounding the landfill
of Barengo by type of congenital malforma-
tion, age (pediatric age, i.e., 0—4 years, and
all aggregated age ranges), and gender is
reported in Table 2. In females, statistically
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'TABI_E 1
Resident Population? Living on December 31, 2005, and December 31, 1991, in the Eight Municipalities
Surrounding the Landfill of Barengo
Barengo Momo Briona Fara Novarese
Males \ Females Males \ Females Males \ Females Males \ Females
Pediatric age (years)
0-4 15 | 24 4 | 50 29 | 28 6 | 38
Age ranges (years)
0-14 50 48 150 162 76 76 113 123
15-44 174 162 536 494 242 226 358 344
45-69 154 153 435 434 183 206 347 361
70+ 64 94 181 286 70 79 168 224
Sizzano Cavaglio d’Agogna Cavaglietto Vaprio d’Agogna
Males \ Females Males \ Females Males \ Females Males \ Females
Pediatric age (years)
0-4 | 35 [ o5 23 | 23 9 \ 7 18 15
Age ranges (years)
0-14 93 7 69 58 19 22 66 55
15-44 286 260 253 232 88 66 188 174
45-69 225 237 232 235 66 69 158 176
70+ 102 153 90 139 35 39 72 111
Population on Decembe 99
Barengo Momo Briona Fara Novarese
Males \ Females Males \ Females Males \ Females Males \ Females
Pediatric age (years)
0-4 20 19 46 ) 15 20 25 R
Age ranges (years)
0-14 70 57 207 202 71 63 127 124
15-44 189 171 606 629 250 225 431 398
45-69 153 145 451 453 175 202 332 357
70+ 49 106 127 201 47 89 114 190
Sizzano Cavaglio d’Agogna Cavaglietto Vaprio d’Agogna
Males \ Females Males \ Females Males \ Females Males \ Females
Pediatric age (years)
0-4 19 | a1 B8 [ 18 6 \ 5 9 EE
Age ranges (years)
0-14 50 54 74 75 22 24 48 45
15-44 307 278 249 248 75 70 194 176
45-69 218 234 200 218 70 74 143 167
70+ 76 136 91 120 29 41 53 93
?Absolute frequencies by gender, pediatric age, and age range.

significant hospital admission excesses can
be observed in all aggregated classes of age
for genitourinary anomalies and for all types
of congenital malformation. In males some
hospital admission excesses were found, but

SIRs were not statistically significant. Al-
though the number of cases is small, the issue
of congenital malformations in males should
be looked into more carefully in the future
because of its importance in health care.
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Morbidity During the Period 2003-
2009 and Mortality During the Period
2000-2009

Analysis of morbidity during the period
2003-2009 and of mortality during the period
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'TABI_E 2

Congenital Malformations During the Period 2003-2009, in the Total Area of the Eight Municipalities
Surrounding the Landfill of Barengo
Type of Congenital Age Ranges Males Females
Malformation
Observed Expected SIR° Observed Expected SIR
Cases? Cases” (95% cI)* Cases Cases (95% CI)
Cardiovascular anomalies | Pediatric age 3 2.16 1.39 1 2.50 0.40
ICD-9-CM° codes: (04 years) (0.06-2.72) (0.00-1.63)
745.0-747.9 All aggregated 5 7.14 0.70 1 9.56 1.15
age ranges (0.00-1.43) (0.52-1.78)
Genitourinary anomalies Pediatric age 9 6.52 1.38 3 1.10 2.72
ICD-9-CM codes: (0-4 years) (0.61-2.14) (0.85-4.58)
752.0-753.9 All aggregated 18 13.23 1.36 9 4.0 2.25
age ranges (0.82-1.89) (1.27-3.23)
Chromosomal anomalies Pediatric age — — — 1 0.23 4.34
ICD-9-CM codes: (0—4 years) (0.25-8.42)
758.0-758.9 All aggregated — — — 1 0.48 2.08
classes of age (0.00-4.90)
All types of congenital Pediatric age 12 8.69 1.38 5 3.85 1.30
malformation (04 years) (0.71-2.04) (0.31-2.29)
All aggregated 23 20.35 1.13 21 14.0 1.50
classes of age (0.69-1.56) (0.98-2.02)
0bserved cases = observed absolute frequency of hospital admissions for congenital malformations in the total area of the eight municipalities surrounding the landfill of Barengo for the
years 2003-2009.
®Expected cases = expected absolute frequency of hospital admissions for congenital malformations in the total area of the eight municipalities surrounding the landfill of Barengo for the
years 2003—-2009. Expected cases were calculated on the basis of the standardized hospital admission rates for congenital malformations reported for the total area of Novara Local Health
Unit (which approximately corresponds to the province of Novara) for the years 2005-2009 (data not shown).
°SIR = standardized incidence ratio (observed cases/expected cases).
995% CI = 95% confidence intervals for SIRs. SIRs are considered significant if the lower limit of their 95% Clis > 0.95. Significant items are in bold.
¢ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

2000-2009 in the total area of the eight mu-
nicipalities surrounding the landfill of Barengo
by age (age ranges: 0-14, 15-44, 45-69, 70+
years) and gender is reported in Table 3. Both
for males and females, in every class of age,
the observed disease cases and the observed
deaths are always higher than expected, as can
be seen from SIR and SMR values. The small
number of observed deaths, however, especial-
ly in the first class of age, does not allow elabo-
rations nor to consequently define particular
risks and unfavorable conditions.

Mortality During the Period
1980-2000

Table 4 shows the comparison among the
findings about mortality during the period
1980-2000 and the results about morbidity
during the period 2003-2009 and about mor-

tality during the period 2000-2009 by mu-
nicipality, cause, and gender. It appears that
the landfill region experienced higher than
expected mortality rates for many conditions
during the period 1980-2000.

Discussion

The present ecological study highlights some
incidence excesses of disease and death in the
eight municipalities surrounding the landfill
of Barengo.

With regard to congenital malformations
during the period 2003-2009 in the eight
municipalities, statistically significant hos-
pital admission excesses can be observed
in females in all aggregated age ranges, for
genitourinary anomalies (observed cases are
twice as high as expected) and for all types
of anomalies (observed cases are 50% more
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than expected). In males some hospital ad-
mission excesses were found (observed cases
are about 30% more than expected for car-
diovascular anomalies in pediatric age, for
genitourinary anomalies, and for all types
of anomalies in pediatric age and in all ag-
gregated classes of age), but SIRs are not sta-
tistically significant; this situation should be
adequately assessed in the future.

With regard to morbidity during the period
2003-2009 and mortality during the period
2000-2009, the observed cases and deaths in
the eight municipalities largely exceeded the
expected ones in all classes of age and in both
genders. These results may suggest the prepon-
derance of environmental risk factors compared
with other determinants, e.g., occupational risk
factors; the latter would in fact cause greater
incidence excesses in males, since females are
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'TABI_E 3

Morbidity During the Period 2003-2009 and Mortality During the
Period 2000-2009, in the Total Area of the Eight Municipalities
Surrounding the Landfill of Barengo

Morbidity (2003-2009)

Males Females
Observed | Expected SIR° Observed | Expected SIR
Cases® Cases” Cases Cases
0-14 251 128.80 1.94 197 92.00 2.14
15-44 570 211.40 2.69 586 276.57 2.11
45-69 1253 729.50 1.71 1168 684.00 1.70
70+ 1161 800.00 1.45 1273 1034.50 1.23
oria DOC D09
Males Females
Observed | Expected SMR! Observed | Expected SMR
Deaths* Deaths® Deaths Deaths
0-14 2 — — 1 0.02 50.00
15-44 3 0.032 93.75 3 0.08 37.50
45-69 67 16.80 3.98 47 3.89 12.08
70+ 422 281.00 1.50 495 290 1.70

30bserved cases = observed absolute frequency of hospital admissions for all causes in the total area of the eight
municipalities surrounding the landfill of Barengo for the years 2003—2009.

bExpected cases = expected absolute frequency of hospital admissions for all causes in the total area of the eight mu-
nicipalities surrounding the landfill of Barengo for the years 2003—2009. Expected cases were calculated on the basis
of the standardized hospital admission rates for all causes reported for the total area of Novara Local Health Unit (which
approximately corresponds to the province of Novara) for the years 2005—-2009 (data not shown).

¢SIR = standardized incidence ratio (observed cases/expected cases).

90bserved deaths = observed absolute frequency of deaths for all causes in the total area of the eight municipalities
surrounding the landfill of Barengo for the years 2000-2009.

Expected deaths = expected absolute frequency of deaths for all causes in the total area of the eight municipalities
surrounding the landfill of Barengo for the years 2000—2009. Expected deaths were calculated on the basis of the stan-
dardized mortality rates for all causes for the total area of Novara Local Health Unit (which approximately corresponds to
the province of Novara) for the years 1998-2003 (data not shown).

'SMR = standardized mortality ratio (observed deaths/expected deaths).

characterized by a lower employment rate espe-
cially for riskier duties (Minichilli et al., 2005).

With regard to mortality during the period
1980-2000, the main statistically significant
incidence excesses of deaths are reported for
duodenal and small intestine cancer in Fara
Novarese municipality, for Hodgkin’s lym-
phoma in Momo, and for soft tissue sarcoma
in Sizzano. Comparing the findings about
mortality during the period 1980-2000 with
the ones about morbidity during the period
2003-2009 and about mortality during the
period 2000-2009, it is possible to highlight
the persistence of other incidence excesses,
such as deaths for nervous system diseases in
Barengo municipality; cases of tracheal, bron-

chial, and lung cancer in Briona and Momo;
cases of cardiovascular diseases in Cavaglio
d’Agogna and Vaprio d’Agogna; cases of pros-
tate cancer in Fara Novarese; cases of kidney
cancer in Momo; and cases of genitourinary
diseases in Vaprio d’Agogna.

Some incidence excesses concerning car-
diovascular diseases, leukemia, non-Hodgkin’s
lymphoma, liver cancer, kidney cancer, and
melanoma remain substantially unchanged,
showing no clear differences between the
period 1980-2000 and the period 2003-2009.

Study Limitations
Congenital malformations represent a valid
exposure measure for communities living
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near a site characterized by high environ-
mental pressure (Elliott et al., 2001). The
present study results have some limitations,
however, such as possible errors in drafting
the SDOs modules or presence of particular
personal conditions (intrinsic or induced
by dangerous maternal lifestyles). Further-
more, congenital malformations observed
via hospital admissions may miss those pres-
ent at birth that result in immediate death
or that do not lead to subsequent hospital-
izations. Moreover, morbidity indicators for
congenital malformations are significantly
higher than mortality ones (Salerno & Palin,
2011; Salerno, Palin, & Panella, 2011). For
their low lethality, observed anomalies may
not be considered strictly related to envi-
ronmental factors. These hypotheses should
be studied in a more focused way, analyz-
ing birth certificates, medical records, con-
genital malformations registers, and ISTAT
death forms and also administering ad hoc
questionnaires.

Our ecological study didn't allow the
identification of the factors determining the
observed health levels in the population of
the eight municipalities surrounding the
landfill of Barengo.

Comparing the findings about mortality
respectively during the period 1980-2000
and during the period 2000-2009, the dif-
ferences between the present main causes
of death (Salerno, Palin, & Panella, 2011)
and the previous ones may be attributed to
either environmental or personal lifestyle
changes and health care improvements of
both diagnostic and therapeutic treatments
that reduced some diseases’ lethality.

Hazardous industrial sites are not located
in the study area. Other possible confounders
(i.e., occupational exposures, behavioral or
socioeconomic indicators, etc.), however, are
not directly assessed in our study. A further
study is currently planned. It will attempt to
overcome the above-mentioned limitations
by administering a questionnaire (about life-
style, behavioral, and occupational items)
and by calculating a socioeconomic depriva-
tion index on census data.

Conclusion

Our ecological study highlights some inci-
dence excesses of disease and death in
the eight municipalities surrounding the
MSW landfill of Barengo. Because of the
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'TABI_E 4

Mortality (1980-2000)

Mortality During the Period 1980-2000 Compared to Morbidity During the Period 2003-2009 and Mortality
During the Period 2000-2009 in the Eight Municipalities Surrounding the Landfill of Barengo

Morbidity (2003-2009)°
Mortality (2000-2009)*

Municipality Disease Gender Observed SMR? (95% CI°) Indicators in Statistically Significant
Deaths Excess (by Gender)®
Barengo Nervous system diseases Females 9 2.76 (1.25-5.25) SMR (in males)
Colon cancer Males 7 2.49 (0.99-5.14) —
Malignant cancers Males 55 1.26 (0.95-1.64) —
Briona Myeloma Females 3 5.18 (1.03-15.18) —
Undefined disease conditions Females 13 2.64 (1.40-4.52) —
Liver and intra/extra-hepatic bile Males 7 2.63 (1.05-5.44) —
ducts cancer
Tracheal, bronchial, and lung cancer Males 21 1.78 (1.10-2.73) SIR (in males and females)
Malignant cancers Males 69 1.67 (1.30-2.12) —
Cavaglietto Prostate cancer Males 6 3.75(1.36-8.18) —
Cavaglio d’Agogna | Cardiovascular diseases Females 125 1.15(0.96-1.38) SIR (in males and females)
Fara Novarese Duodenal and small intestine cancer Males 2 17.08 (1.90-61.79) —
Non-Hodgkin’s lymphomas Females 5 3.19 (1.02-7.46) —
Rectal and recto-sigmoid junction Females 7 2.56 (1.02-5.30) —
cancer
Undefined disease conditions Females 22 1.94 (1.22-2.95) —
Prostate cancer Males 14 1.81(0.98-3.04) SIR (in males)
Malignant cancers Males 118 1.28 (1.06—1.54) —
Momo Hodgkin's lymphoma Females 3 10.43 (2.08-30.54) —
Kidney cancer Females 6 5.53 (2.01-12.06) SIR (in males and females)
Tracheal, bronchial, and lung cancer Males 41 1.41(1.01-1.91) SIR (in females)
Sizzano Soft tissue sarcomas Males 2 13.89 (1.55-50.25) —
Undefined disease conditions Males 13 3.19 (1.69-5.46) —
Undefined disease conditions Females 22 2.54 (1.59-3.85) —
Vaprio Myeloma Females 4 7.20 (1.93-18.48) —
d’Agogna Infectious diseases Females 4 6.89 (1.84-17.67) —
Genitourinary diseases Males 8 4.18 (1.79-8.25) SIR (in males and females)
Cardiovascular diseases Males 83 1.35 (1.08-1.68) SIR (in males and females)
All aggregated Melanoma Females 8 2.62 (1.12-5.18) SIR (in females), SMR (in males and females)
municipalities Kidney cancer Females 11 2.18 (1.08-3.90) SIR (in females), SMR (in males and females)
Non-Hodgkin’s lymphomas Females 14 1.75 (0.95-2.94) SMR (in males and females)
Liver and intra/extra-hepatic bile Males 49 1.64 (1.21-2.18) SMR (in males and females)
ducts cancer
Specified and unspecified leukemias Males 21 1.56 (0.96-2.39) SMR (in males and females)
Tracheal, bronchial, and lung cancer Males 158 1.23 (1.04-1.44) SIR (in females), SMR (in males and females)
Malignant cancers Males 531 1.15 (1.05-1.25) SIR (in males and females),
SMR (in males and females)
Cardiovascular diseases Females 837 1.01 (0.95-1.08) SIR (in males and females),

SMR (in males and females)

years 1980-2000).

Note. Only statistically significant results are reported.
3SMR = standardized mortality ratio, expressed as observed deaths/expected deaths (reference rates: standardized mortality rates by cause for the total area of Piedmont region for the

®95% CI = 95% confidence intervals for SMRs. SMRs are considered statistically significant if the lower limit of their 95% C/is > 0.95.

°Morbidity is evaluated with SIRs = standardized incidence ratios (reference rates: standardized hospital admission rates by cause reported for the total area of Novara Local Health Unit
[which approximately corresponds to the province of Novara] for the years 2005-2009).

9Mortality is evaluated with SMRs (reference rates: standardized mortality rates by cause for the total area of Novara Local Health Unit [which approximately corresponds to the province of
Novara] for the years 1998-2003).
¢Indicators are considered in statistically significant excess if the lower limit of their 95% Clis > 0.95.
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above-mentioned limitations, however, our
results are to be interpreted with caution
and necessarily require further inferential
investigations. #%
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