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he complexity and multidisciplinary nature of

environmental public health (EPH) surveillance call for

a systematic framework and a concrete set of criteria to
guide development, selection, and evaluation of environmental
public health indicators. Environmental public health indicators
are the foundation of a comprehensive EPH surveillance system,
providing quantitative summary measures and descriptive
information about spatial and temporal trends of hazard,
exposure, and health effects over person, place, and time. A
case-synthesis review of environmental regulatory and public
health indicator models was employed to develop a framework
and outline a methodological approach to EPH surveillance
system development, including the selection of content areas
and the corresponding data and environmental public health
indicators. The framework is organized around three assessment
phases: (1) scientific basis and relevance, (2) analytic
soundness, and (3) feasibility, interpretation and utility. By
outlining a process and identifying important constructs and
criteria, the framework provides practitioners with an effective
and systematic tool for making scientifically valid programmatic
decisions about EPH content development. Improved decision
making ensures more effective EPH surveillance systems and
enhanced opportunities to understand and protect the public
health from environmental threats.
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Over the last several decades, increasing attention
has focused on the need to improve environmental
public health (EPH) surveillance capacity and to de-
velop methods for addressing priority environmental
health (EH) concerns in the United States."” Environ-
mental public health surveillance establishes the means
to assess, analyze, and disseminate appropriate data
for making decisions and safeguarding human health
from environmental threats."® Since the earliest orga-
nized prevention efforts, tracking of health trends and
risk factors has been a cornerstone of public health
practice.”® Today, EPH surveillance is defined as the
ongoing systematic collection, analysis, interpretation,
and dissemination of data about environmental haz-
ards, exposures, and health effects for action to im-
prove health."® Environmental public health indicators
(EPHISs) can serve as the foundation of a comprehen-
sive EPH surveillance system, providing quantitative
summary measures and descriptive information about
spatial and temporal trends of EPH topics over per-
son, place, and time.”"’ Despite the growing national
interest in enhanced EH surveillance programs practi-
cal strategies and tools for practitioners to use in the
selection, development and evaluation of content are
lacking."*?
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A framework describing what criteria should be
used to prioritize and guide selection of EPH surveil-
lance system content, including appropriate data and
EPHISs, is needed in the United States.” In today’s eco-
nomic and political times, practitioners are increas-
ingly accountable for their decision making and need
documentation, transparency, and consistency in all
programmatic decisions. Environmental public health
surveillance is multidisciplinary, and data are derived
from diverse programs and agencies including envi-
ronment, health, agriculture, transportation, and plan-
ning and development."**" A systematic framework
grounded in science, theory, and practice will greatly
advance practitioners’ capacity to appropriately and ef-
fectively address the public health dimensions of envi-
ronmental issues."

This study was undertaken to identify a method-
ological approach to the development and evaluation
of content (including information, data, and EPHISs) for
inclusion in a comprehensive EPH surveillance system.
Environmental public health indicators are quantita-
tive summary measures derived from surveillance and
monitoring data. Indicators are used to translate EPH
data into usable information.” When chosen carefully
and developed on the basis of both scientific theory
and knowledge, EPHIs can be valuable tools for track-
ing program progress, identifying emerging problem
areas and policy development.”"” However, EPHIs are
effective only when part of a larger surveillance sys-
tem that can identify, gather and analyze relevant data,
synthesize results, and interpret findings."”"

A framework was developed to assist practitioners
in prioritizing the selection and evaluation of EPHIs.
The overarching goals of this project were to construct
criteria for evaluating environmental public health in-
dicators and to outline a stepwise process by which
a prioritized list of EPHIs can be generated for use
by EPH practitioners. Three case examples—(1) total
trihalomethanes (disinfection by-products [DBPs]) in
community water supplies, (2) mercury in fish tissue,
and (3) percent low birth-weight—were identified to
further explain each of the frameworks core concepts.
These examples are provided to illustrate how practi-
tioners might use the tool in making decisions about
what to include or exclude from a comprehensive EPH
surveillance system.

A stepwise review of published and unpublished lit-
erature was conducted to identify existing indicator
models and examine criteria previously used by envi-
ronmental management and public health programs to
selectindicators. PubMed /MEDLINE and Google were

employed. Key word searches included the following:
environmental indicators, ecological indicators, health
indicators, and EPHIs. Models were chosen if they
were developed by a scientific panel or expert work-
ing group, addressed topic areas relevant to EPH, and
had a theoretical framework guiding development and
use of indicator measures for EPH and/or public health
practice.

Selected models were grouped into three categories:
environmental regulatory, public health surveillance,
and EH programs. Environmental regulatory programs
include agencies that systematically collect data on the
distribution of potential physical toxins and hazards in
the environment. Public health surveillance programs
monitor and track health and/or factors associated
with health in the population. EH programs combine
both models—systematic assessment of environmen-
tal hazards and monitoring of population health effects
and exposures.

A data collection instrument was developed follow-
ing a modified cross-case synthesis approach to facili-
tate the review and comparison of indicator develop-
ment criteria and concepts from each model." Criteria
were then clustered into the conceptual constructs (eg,
scientific basis, reliability, and quality) that became the
key assessment phases and core elements of the result-
ing framework.

© Results

There were a considerable number of indicator initia-
tives within each of the three categorical areas to de-
velop a framework reflective of current EPH science,
theory, and practice. Table 1 lists the primary indicator
initiatives and scientific literature contributing to the
final framework. While these public health and envi-
ronmental models were all developed independently,
common criteria emerged across all three models such
as indicators need to relevant, accurate and reliable.
Figure 1 depicts the framework and shows how the
primary constructs and core elements are organized
to facilitate the process of content development and
evaluation.

Based on the premise that developing and evaluating
surveillance programs is dynamic and iterative process,
the framework outlines three assessment phases.”**
Phase 1, scientific basis and relevance, involves examin-
ing the scientific basis and relevance of a particular
information set. Phase II, analytic soundness and feasi-
bility, requires an assessment of how feasible the in-
formation is for practitioners to collect. Furthermore,
phase II also includes a review of how attributes, such
as data quality and quantity, affect the validity and relia-
bility of the measures for their intended purpose within
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the program (ie, Do the measures truly reflect the con-
cept that the proposed indicator is trying to capture?).
Phase III, interpretation and utility, explores the value
and usefulness of EPHIs on the basis of their ability to
be used for developing targeted intervention and pre-
vention strategies and policies. A total of seven evalu-
ation elements are incorporated throughout the three
assessment phases: EH importance, public health im-
portance, stakeholder concern, technical capacity and
practicality, data and information quality, meaningful-
ness for public health action, and policy development.

FIGURE 1 A Framework for Identifying and Evaluating
Data Resources and Indicators for Environmental Public
Health Surveillance Programs
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Table 2 outlines the three assessment phases and corre-
sponding evaluation elements. The significance of each
element may vary depending on results of the priority
setting process and may be weighted accordingly.

Priority setting

Priority setting is required to establish programmatic
goals, outline the purpose of the system, identify tar-
getaudiences, and determine assessment questions that
need to be addressed."”-*% Once priority topic areas are
identified, programs can outline relevant EPHIs and
determine the resources and data available to address
these priorities. With respect to the three case exam-
ples, investigators took the perspective of state-level
EH practitioners and identified children’s EH as a pro-
grammatic goal with a particular priority being to de-
termine the impact of water quality on reproductive
and developmental outcomes. On the basis of a review
of existing environmental monitoring data, population
exposure to DBPs and exposure to mercury from recre-
ational fish tissue in susceptible subpopulations were
selected as two initial EPHIs for consideration. On the
health outcome side, vital statistics data were consid-
ered and percent low birth-weight also emerged as a
potential EPHI. Although these EPHIs appear to ad-
dress program priorities, their utility needs to be eval-
uated before integrating them into an EPH surveillance
system.

Phase I: Scientific basis and relevance

Once programmatic goals and priorities are estab-
lished, practitioners can assess the scientific basis and
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Construct Core element Criteria References
Scientific basis and relevance Environmental health importance Scientific validity 10,17,19,25,33
Strength of evidence 17,21,35
Representativeness 10,22,24,33
Authoritative standard 10,22,28,31
Public health importance Magnitude 17,21,19,26,27,29,31
Rarity 25,28
Vulnerable subpopulation 23,28
Exposure potential 10,25
Potency 10,25
Importance 10,26,27
Stakeholder concern Voluntary 34,35
Controllable
Beneficial
Equitable
Natural or man-made
Potentially catastrophic
Familiar
Trusted
Impacts children
Analytic Technical capacity and practicality Available 10,15,21,23,25
Soundness and feasibility Measurable 10,19,24,24
Feasible 10,15,17,19,21
Collectable 15,31
Spatially and temporally scaled 15,17,24
Trackable 10,15,24,25
Timely 10,24
Data and Information Quality Accurate 10,15,24
Reliable 15,17,21,23,25-27
Repeatable 15,17,21,23,25-27
Scientifically valid 21,25
Robust 17,19,21,24,25
Sensitive 10,15,17,23,24,26,27
Unbiased 27,36
Interpretation and utility (Meaningful for) Public health action Anticipatory 15
Available and 10,15
Appropriate
Cost-effective 17,19,24
Spatially and temporally scaled 1517
Easily quantifiable 10,15,19
Timely 10,24
Policy development Understandable and applicable 15,17,19,21,24,25
Objective oriented 15,26,27
Grounded by political will/support 17,19,21
Relevant and informative 19,21,24,25

relevance of selected EPHIs. Environmental health
importance, public health importance, and stakeholder
concern emerged as the three primary constructs
to consider in phase I. A scientific underpinning to
support the inclusion of data into an EPH system
is necessary to facilitate targeted intervention and

prevention programs. Thus, the EH importance should
be determined by examining what is or is not known
regarding the cause-and-effect relationship between
population exposure to a particular hazard and related
health effects.***%" Identifying gaps in understanding
along the EH continuum can help establish the scientific



evidence or lack there, available to support inclusion
or exclusion of a particular EPHI."*”

When reviewing the three case examples, several key
differences in the amount of evidence supporting each
EH topic emerged. For disinfection by-products (DBPs),
several epidemiologic studies provide suggestive but
still inconclusive evidence to support DBPs can cause
reproductive outcomes that they may cause adverse
birth outcomes such as low birth-weight in children
exposed in-utero.”* There is also epidemiologic evi-
dence to support that over time maternal consumption
of fish containing high levels of mercury may lead to
long-term developmental effects in their children.? 442
In contrast, low birth-weight is a multifactorial outcome
resulting from multiple social, behavioral, and individ-
ual risk factors; the impact of environmental exposures
on total percentlow birth-weight within a specified geo-
graphic region is difficult to ascertain.*’ Therefore, from
an EH perspective, total trihalomethanes (an indicator
of DBPs) in community water and mercury in fish tissue
would rank higher than percent low birth-weight.

Once the environmental health importance of EPHIs
has been assessed, the public health importance can
be examined. The public health importance refers to the
magnitude of the health effect(s) related to a particu-
lar hazard, exposure, or potential risks associated with
the EPHL.* Magnitude can be measured in terms of
morbidity, mortality, or overall costs to healthcare and
society.”” Consequently, the magnitude of health out-
come indicators is often easier to establish than envi-
ronmental hazards or exposures. Often times, two mea-
sures of hazards and health effects may be related, but
the scientific evidence supporting the magnitude of that
relationship and causal pathway may or may not be
known and public health importance remains uncer-
tain. Similarly, the public health importance of a partic-
ular hazard or exposure may vary by state or region.

With regards to the three case examples, it is known
that percent low birth-weightis aleading cause of infant
mortality in the United States and therefore has poten-
tially greater public health importance than drinking
water disinfectants or fish tissue contamination; how-
ever, the true public health magnitude of both DBPs and
mercury cannot be determined. Furthermore, a state
may find they have elevated mercury levels in fish tis-
sue taken from recreational lakes and streams; how-
ever, data about the consumption of recreational fish
in the United States are unknown and levels of mer-
cury in these fish tissue vary. Thus, it is important to
clearly state what is or is not known about the rela-
tionship and the presence of a particular hazard or ex-
posure within a region when examining public health
importance.'*! 12

Beyond the scientific basis, some EPH surveillance
data and EPHI are relevant in a practice setting sim-
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ply because the public is concerned about a topic area
but the scientific evidence to support the EH contribu-
tion is lacking.'”*'** The public is the primary customer
of our public health efforts, and concern regarding an
EPH problem can influence the importance and rele-
vance of a particular indicator regardless of the sci-
entific evidence. Public concern regarding an EH is-
sue can be measured on the basis of elements of risk
perception.*** The importance of environmental con-
cerns as perceived by the public will vary depending on
risk conditions, such as an involuntary exposure event
or natural or man-made disaster (ie, chemical exposure
from industrial pollution or hurricane) is perceived as
higher risk than a voluntary exposure (ie, smoking) and
affected populations (ie, impact on children usually re-
sults in a higher perceived risk).*** With regards to the
three examples, fish tissue contaminants may be per-
ceived as less of a threat than drinking water contami-
nants because not everyone eats the fish and those who
do can usually change dietary habits; however, a major-
ity of the population would be exposed to community
drinking water because exposure through bathing and
home use is involuntary in cases where alternative wa-
ter treatments are not available.

Furthermore, the degree to which risk perception
can impact the prioritization of a potential EPHI will
vary based on the political climate and context of a par-
ticular concern. For example, because of very specific
outbreaks of elevated drinking water contaminants in
some communities, the public has been led to believe
that community drinking water supplies are unsafe and
have switched to bottled water use. In reality, public
water supplies are continually regulated and programs
are in place to ensure that the public receives safe wa-
ter but there is no nationally consistent monitoring of
bottled water and risks to public are unknown. Pub-
lic concern raises the significance of contaminants in
community water supplies above the unknown risks
associated with bottled water and both need to be
equally addressed despite their differing public health
importance.

Phase II: Analytic soundness, technical capacity,
and feasibility

A surveillance program built solely on scientific basis
and relevance may not be practical or feasible. Thus,
phase I, analytic soundness, technical capacity, and fea-
sibility, focuses on the practical issues that impact the
ability to systematically collect good-quality data to de-
velop valid and reliable EPHISs.

Analytic soundness, technical capacity, and feasibil-
ity involve assessment of the data properties, such as
data quality and accuracy, evaluation of the strengths
and weaknesses of the data (eg, are the data of
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sufficient quality to generate a valid estimate), as well as
an understanding of the feasibility of collecting and an-
alyzing data over time. Furthermore, the technical data
assessment offers opportunities to highlight areas for
enhancing EH capacity and make the case for collecting
data and developing measures that arereadily available
and are of good quality.'**?* Basic criteria for assessing
the technical capacity and practicality of EPH data and
measures include availability, measurability, collectibil-
ity, spatial and temporal scale as well as whether the
data are timely, accessible, and linkable.'?2"-2"2*

With regards to the three case examples, collection
and analysis of fish tissue samples are costly and
time-consuming. Thus, obtaining fish tissue data with
appropriate spatial resolution on a routine basis for
use as an EPHI would be very difficult. In contrast,
all states are required under the federal Safe Drinking
Water Act to routinely monitor for DBPs in drinking
water systems and these data are often readily available
(http:/ /www.epa.gov/safewater/sdwa/index.html).
Similarly, access to vital statistics data on low birth-
weight is easy and very accessible for most state health
departments. Therefore, from a technical capacity and
feasibility standpoint, low birth-weight and DBPs
might rank higher than mercury contamination in fish.
At the same time, this does not mean that the quality
of the data for generating public health assessments is
equal.

Data and information quality can be assessed by re-
viewing the analytic properties of datasets being used
to generate the EPHI. An analytic property refers to the
quality, accuracy, validity, sensitivity, and reliability of
the data.”® The robustness and the sensitivity of the
EPHIs refer to their ability to reflect true changes in
spatial and temporal trends that are relevant to public
health decision making."”*" High-quality data are well
documented, and methods for collecting the informa-
tion can be easily reproduced.” The quality of the data
is also influenced by any potential sources of bias.*®

For example, how data are collected can introduce
bias to any EPHI measure. For example, environmental
monitoring data are collected on the basis of regulatory
standards without consistent monitoring intervals (ie,
some localities may monitor on a quarterly basis and
others annually). These regulatory standards were set
to balance technology and public health protection, not
to assure systematic, representative samples of popu-
lation exposures. Consequently, some community wa-
ter systems are required to monitor for DBPs quarterly
whereas other systems may only be required to moni-
tor DBPs on an annual basis. Thus, a comparison of the
two systems’ DBP monitoring results will not be accu-
rate or reliable if one system monitors more frequently
than another or reporting requirements change. Envi-
ronmental public health indicators must be evaluated

with these potential sources of bias in mind and their
potential impact on the accuracy, validity, and reliabil-
ity of analyticresults and corresponding interpretations
must be considered.*'*

Phase lllI: Interpretation and utility

Phase I1I, interpretation and utility, focuses on the over-
all goal of an EPH surveillance program: improving
health outcomes related to environmental exposures
by using evidence-based decision making.*** The fi-
nal interpretation and utility of data and EPHIs de-
pend on their proposed use and on specific assessment
questions that the surveillance program is intended to
address.” Public health surveillance is developed with
the intention that action arrives from the monitoring
and assessment of key measures over time.” Therefore,
one measure of program utility is its ability to be used
by EPH practitioners to design and measure interven-
tion and prevention strategies and track the success
of these programs over time."” An EPH surveillance
system that is meaningful for determining appropri-
ate public health actions must be anticipatory, avail-
able, appropriate, cost-effective, temporally and spa-
tially scaled, easily quantifiable, and timely.'*!517:1%-2¢
Furthermore, EPH surveillance programs can enhance
EPH practice if they can convey a meaningful and sim-
plified message that is easily understood by policy mak-
ers and relevant stakeholders.'”'>**% The overall utility
of the EH surveillance data and measures for evidenced
based policies is their applicability to community inter-
ests, concerns, and overall goals.?"?*

All three case examples, DBPs in drinking water,
mercury contaminants in fish tissue, and percent low
birth-weight, can be tracked over time and used to iden-
tify appropriate interventions; however, the environ-
mental measures may be easier to use for identifying
public health actions because guidelines for determin-
ing how much fish is safe to eat at certain levels or what
constitutes a safe level of contaminants in drinking wa-
ter are well established. Therefore, preventing adverse
exposures through changes in drinking water treatment
and maintenance or dissemination of fish consump-
tion advisory awareness may be easier to develop than
reducing the attributable fraction of low-birth-weight
births resulting from undeterminable environmental
exposures. Consequently, the first two EPHIs may rank
higher than low birth-weight in interpretation and util-
ity because the information derived from these indica-
tors can be used to take direct public health actions and
provide tangible results.

Tables 3 and 4 show the summary ranking of the
three examples and how the framework can be used
to consistently document decisions over time. The ta-
bles provide a simple, qualitative, high, medium, and



TABLE 3
element

Relative ranking of indicators

Framework implementation, ranking by core

Disinfection Percent
by-products in Mercury  low
public drinking in fish birth

Core evaluation element water supplies  tissue  weight
Environmental health importance  Medium High Low
Public health importance u/D u/D High
Stakeholder/public concern Medium High Low
Technical capacity and feasibility ~ Medium low Low High
Data information quality Medium low Medium  High
Public health action (meaningful)  Medium High u/D
Policy development High High Low

Abbreviation: U/D, undetermined.

low ranking to evaluate each indicator for each core
element within the three assessment phases. For ex-
ample, under phase I, low birth-weight ranked high
for public health importance but low for EH and pub-
lic concern, in contrast, DBPs and mercury in fish tis-
sue ranked high for EH importance but could not
be evaluated for public health importance. The table
provides an opportunity to document and review the
decision-making process throughout. A more sophis-
ticated quantitative scoring method could also be ap-
plied but is beyond the scope of this article.

© Discussion

Given the broad range of issues facing EPH practition-
ers, selecting data and EPHIs to serve as the foundation
for a comprehensive EPH surveillance program can be
daunting. Priority setting by its very nature has both
subjective and objective components.** Environmen-
tal public health practitioners must justify their deci-
sion making, policies, and intervention and prevention
efforts®; therefore, there is a need for well-established
criteria and concrete methods to assist practitioners
with the development of valid, reliable, and consis-

TABLE 4 Framework Implementation, summary
evaluation

Scientific Analytic

basis and soundness and Interpretation
Topic area relevance feasibility and utility
Disinfection by-products  Good Good Good

in public drinking

water supplies
Mercury in fish tissue Good Fair Good
Percent low birth-weight ~ Poor Excellent Fair
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tent EPH surveillance data and EPHIs.” This evalu-
ation framework meets these objectives by providing
practitioners with a methodological approach for mak-
ing evidence-based decisions regarding the future se-
lection, development, and use of data and EPHIs in
EPH surveillance and practice.

This framework provides a core set of constructs and
criteria to ensure that EPH surveillance programs are
utilized effectively to meet the needs of primary au-
diences including the public, policy makers, and EPH
practitioners. Environmental public health priorities
are dynamic and evolve over time and EPH resources
are often limited. The framework ensures that EPH
surveillance systems address emerging priorities by en-
gaging key stakeholders throughout the developmen-
tal process.

Without this capability, EPH surveillance systems
cannot accurately facilitate action to mitigate problems
or make effective, evidence-based policies.*

Although further research and application of the
framework are needed, this framework offers opportu-
nities to develop consistent, comparable, and meaning-
ful EPH surveillance systems. Implementation of the
framework using the three case examples suggests that
there may not be one clear decision about which indica-
tors to include or eliminate within a program. Having
clear programmatic priorities or goals, such as needing
tobuild a program that identifies existing and emerging
hazards (eg, DBPs or mercury) rather than replicating
measures already used by other programs (eg, percent
low birth-weight), will assist in final decision making.

Environmental public health surveillance programs
are complex and can be challenging for public
health practitioners to develop, because of their cross-
disciplinary nature. As EPH surveillance programs
evolve, this framework provides a tool to bridge the gap
among the current complex web of agencies and differ-
ing mandates by facilitating the systematic linkage of
environmental exposure and health outcome data. This
linkage offers tremendous opportunities to advance our
nation’s ability to prevent disease, develop evidence-
based EPH policies, and further our understanding of
the impact of environment on health.
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