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Abstract

The essential purpose of public health surveillance is to monitor im-
portant health outcomes and risk factors and provide actionable in-
formation to practitioners, policy makers, researchers, and the public
to prevent or ameliorate exposure, disease, and death. Although sep-
arate 1970s-era acts of Congress made possible the creation of mod-
ern occupational health and environmental public health surveillance,
these acts also led to fragmented responsibilities and unconnected data
across federal agencies. Having a well-defined purpose for systemati-
cally collecting relevant data is key, and state and local programs play
a crucial role in conducting meaningful surveillance and connecting it
with evidence-based outreach and interventions. Congress has directed
monies to environmental public health surveillance and capacity has
improved, yet no analagous funding has occurred to address the frag-
mentation found within occupational health surveillance. This article
provides a review of the advances and important themes within occu-
pational health and environmental public health surveillance over the
past decade.

109

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 2

01
1.

32
:1

09
-1

32
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
- 

Ir
vi

ne
 o

n 
12

/1
0/

19
. F

or
 p

er
so

na
l u

se
 o

nl
y.

 



PU32CH07-Shire ARI 7 February 2011 15:41

INTRODUCTION
By traditional definition, public health surveil-
lance is “the ongoing, systematic collection,
analysis, and interpretation of outcome-specific
data, closely integrated with the timely dissemi-
nation of these data to those responsible for pre-
venting and controlling disease or injury” (123,
p. 384). The essential purpose of public health
surveillance is to monitor important health out-
comes and risk factors and provide actionable
information to practitioners (public health and
clinical), policy makers, researchers, and the
public to prevent exposure, disease, and death
(75, 120, 122). Some have noted that the intent
of public health surveillance must be more than
simply providing statistics; it must also directly
inform actions to improve the health of the pop-
ulation being monitored (9, 57, 65, 75, 121).

Although public health surveillance is
considered a core service in public health, it
is not designed to exist in isolation. Relevant,
synthesized information from a public health
surveillance system must be effectively com-
municated to the appropriate audiences. The
basis of effective surveillance is the current and
accurate two-way flow of information among
all those who need to know (66). Policy makers,
decision makers, and program officials must
be given valuable information to enable the
creation of policies, legislation, regulations,
and programs focused on helping people lead
safer and healthier lives. Practitioners need
timely information to augment their knowl-
edge base and enable them to take prompt
action or design interventions to effect change.
Researchers often use results derived from
surveillance systems to demonstrate the need
for an etiologic study of a disease, high-risk
population, or apparent hazard.

The Creation of Multiple Responsible
Agencies in the 1970s Offered
Opportunities and Problems
for Occupational Health
and Environmental Public
Health Surveillance
Although separate acts of Congress in the 1970s
(e.g., the Clean Air Act, the OSH Act, the Safe

Drinking Water Act) made possible the cre-
ation of modern occupational health and en-
vironmental public health surveillance, these
acts have also created challenges for effective
occupational health and environmental pub-
lic health surveillance today. The Occupational
Safety and Health (OSH) Act of 1970 made the
Department of Labor responsible for collect-
ing statistics on occupational injuries and ill-
nesses as well as hazard and exposure data and
designated the Department of Health, via the
National Institute for Occupational Safety and
Health (NIOSH), to be relied on for conduct-
ing research to inform the setting of standards
and regulations. Separate congressional legis-
lation created the U.S. Environmental Protec-
tion Agency and gave it the responsibility to
oversee the monitoring of environmental pollu-
tants. Meanwhile, the Centers for Disease Con-
trol and Prevention would continue its work in
capturing information on health outcomes.

Tracking Chronic Exposures and
Diseases Provides Unique Challenges
Public health surveillance as a distinct discipline
developed especially within the domain of spe-
cific disease outcomes. Creating and using clear
case definitions became the standard practice
in public health surveillance, and causal agents
were identified as medical science and epidemi-
ology advanced and converged. The time be-
tween exposure and symptom onset for most
communicable diseases is acute and measured
in hours or days. Public health surveillance for
infectious diseases became widely practiced and
accepted within public health agencies, and its
uses and value became well established during
the twentieth century.

The proximity between the time of exposure
and clinical disease may be months or years for
environmental or occupational exposures. This
delay causes both practical and theoretical chal-
lenges in conducting occupational health and
environmental public health surveillance.

Other authors have reviewed many aspects
of occupational health and environmental pub-
lic health surveillance, including the many
data sources involved (77, 115, 116). In this
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review, we offer what we consider to be im-
portant themes in contemporary occupational
health and environmental public health surveil-
lance. We furnish some informative examples
of these themes and identify a number of con-
sequential challenges to contemporary occupa-
tional health and environmental public health
surveillance.

CONCEPTUAL MODELS OF HOW
OCCUPATIONAL HEALTH AND
ENVIRONMENTAL PUBLIC
HEALTH SURVEILLANCE
CONTRIBUTE TO IMPROVED
HEALTH OUTCOMES

How the domains of occupational health and
environmental public health currently pursue
the monitoring, analyzing, and reporting of in-
formation to recipients of that information is
significantly influenced by the theory and op-
timism of future public health surveillance that
was prevalent in the latter part of the twentieth
century. Understanding the conceptual models
of how occupational health and environmental
public health surveillance presently attempt to
contribute to improved health outcomes is crit-
ical to discerning why these efforts have been
(or have fallen short of being) effective.

Occupational Health Surveillance

In the 1980s, the concept of “sentinel health
events” was put forward and formalized within
occupational health surveillance (9, 112). A sen-
tinel health event within occupational health
was defined to be

an unnecessary disease, disability, or untimely
death which is occupationally related and
whose occurrence may: 1) provide the impetus
for epidemiologic or industrial hygiene stud-
ies; or 2) serve as a warning signal that materi-
als substitution, engineering control, personal
protection, or medical care may be required.
(112, p. 1055)

Rutstein et al. (112) offered a list of 50
occupationally related conditions and their

corresponding International Classification of
Diseases (ICD)-9 codes as a tool for surveil-
lance and for use by physicians and as an enu-
meration of current important occupationally
related diseases. This list of sentinel health
events was also intended to serve as the ba-
sis for a national occupational health surveil-
lance system in the United States. Efforts within
the occupational health community ultimately
led to the creation of the Sentinel Events
Notification System for Occupational Risks
(SENSOR) program. Much of contemporary
occupational health surveillance is based on this
sentinel health event approach.

Halperin (57) and Maizlish (75) offered
models of the relationships between occu-
pational health surveillance and prevention
through workplace controls and safety mea-
sures (Figure 1).

Environmental Public
Health Surveillance

As investigators learned from the recent ini-
tiatives within occupational health surveillance
(2, 124), the theory of modern environmental
public health surveillance arose in the 1990s.
A number of influential papers and reports
noted that environmental health surveillance
was fragmented in the United States and cre-
ating a comprehensive national environmen-
tal public health surveillance system could be
highly beneficial. By bringing together data
from the various existing data-collection sys-
tems of environmental pollutants and disease
outcomes and analyzing those linked data in
appropriate ways, more light may be shed on
the contribution of environmental pollutants to
chronic diseases (94, 124).

Thacker et al. (124) offered a model of
the steps of how an environmental agent
can cause clinical symptoms and disease with
corresponding opportunities for surveillance
(Figure 2). Hazard surveillance of environmen-
tal agents should inform interventions and pri-
mary prevention efforts, exposure surveillance
should help evaluate hazard-reduction efforts
and inform secondary prevention activities,
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Figure 1
Surveillance and prevention for occupational health. Adapted from Maizlish (75) and Halperin (57).

and outcome surveillance should monitor the
burden of disease and enable the analysis of
specific hazards/exposures against outcomes.
Thacker et al. (124) identified 19 different na-
tional data sources that “support environmental
public health surveillance” (p. 635).

The Pew Environmental Health Commis-
sion reports from 2000 (93, 94) have been
very influential on subsequent environmental
public health surveillance program efforts in
the United States. These reports called for
the creation of a nationwide health tracking
network with (a) baseline tracking of diseases
and exposures, (b) a national early warning sys-
tem, (c) state tracking programs, (d ) the ability
to conduct public health investigations, and
(e) responsiveness to community and research
needs. Although much of the Commission’s

recommendations called for functions typical
to public health surveillance systems, other
services of the proposed network included
answering fundamental questions on the
relationships between environmental hazards
and chronic diseases, being “grounded in
community groups,” and meeting the public’s
“right to know” by disseminating information
at the local and community levels (93, p. 9; 94).
Implementing such a comprehensive network
could, of course, be very challenging.

More recent papers have offered very use-
ful ideas on how effective environmental pub-
lic health surveillance should be pursued. Kyle
et al. (64) describe how using and advanc-
ing our scientific knowledge base could greatly
support and complement the intent of pub-
lic health surveillance, providing information

112 Shire et al.
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Agent is a hazard 

Agent is present in environment 

Route of exposure exists 

Host is exposed to agent 

Agent reaches target tissue 

Agent produces adverse effect 

Adverse effect becomes clinically apparent 

Hazard surveillance 

Exposure surveillance 

Outcome surveillance 

Figure 2
Model of hazard, exposure, and outcome. Adapted from Thacker et al. (124).

to those who need to know for disease pre-
vention. Kass et al. (61) used feedback from
a stakeholder advisory group to help identify
seven principles to guide their decision making
in the development of a tracking system. These
principles included making good use of existing
data and resources, linking “data in scientifically
valid and defensible ways” (p. 1420), consider-
ing the needs of a variety of users, and hav-
ing an explicit goal of informing intervention
efforts.

HAVING A CLEAR PURPOSE AND
EMPIRICAL EVIDENCE MAKES
A DIFFERENCE

Two keys to effective surveillance within oc-
cupational health and environmental public
health are (a) having a well-defined purpose for
collecting the data and then (b) having the data
to make some meaningful analyses possible.
We use the examples of childhood blood lead
surveillance and pesticide poisoning surveil-
lance to demonstrate this theme in contem-
porary occupational health and environmental
public health surveillance.

The Centers for Disease Control and Pre-
vention’s Childhood Lead Poisoning Preven-
tion Program seeks to eliminate childhood lead
poisoning in the United States by advancing
effective programs and policies, educating the
public and health care providers, providing
funding to state and local partners, and sup-
porting research to evaluate the effectiveness
of federal, state, and local efforts (32). The
program has specific goals for its Childhood
Lead Poisoning Surveillance system at both the
state/local and national levels (84). Surveillance
at the state/local level focuses on case man-
agement and planning and evaluation of pre-
vention initiatives by the state/local authorities
and its partners. By identifying lead exposure
sources and targeting prevention in high-risk
areas within the state and local boundaries, lead
exposure in children can be prevented and sub-
sequent health effects can be avoided. At the na-
tional level, the goals of the surveillance system
include (a) monitoring the nation’s progress
on eliminating childhood lead poisonings,
(b) tracking the number of lead-poisoned chil-
dren to prioritize the use of federal resources,
(c) evaluating the efficacy of the Centers for
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Disease Control and Prevention’s (CDC) grant
program, (d ) assessing the effectiveness of state
prevention efforts, and (e) tracking national
trends in sources of lead to which children are
being exposed.

Over time, the Childhood Lead Poisoning
Surveillance has successfully documented the
magnitude and trends of elevated blood lead
levels for the United States and most states.
It has helped to identify lead-based paint in
housing; lead exposure in home renovation,
repair, and painting activities; lead in contam-
inated soil and dust; lead in tap water; lead
in imported children’s toys/charms; high-risk
immigrant groups; indoor firearm ranges; and
ethnic remedies as sources of childhood lead
poisonings in various communities. Children
under age six are especially at risk, and im-
poverished children living in older housing
have the greatest danger for lead exposure.
Effective methods for the targeted testing of
children based on community-level risk factors
have been developed and implemented for
state/local child lead prevention programs.

SENSOR–Pesticides is a state-based pro-
gram coordinated by NIOSH whose purpose
is to track cases of pesticide-related injuries
and illnesses and to use that information to
minimize the number of future pesticide poi-
sonings in workers and nonworkers alike (27).
The program uses a clear, standardized case
definition, and states receive case reports from
three primary sources: poison control centers,
workers’ compensation insurance companies,
and state regulatory agencies responsible
for pesticide regulation (generally, the state
department of agriculture). The participating
states, of which there were 12 in 2010, analyze
the data at the state level and disseminate the
findings to stakeholders for the purpose of
targeting public health interventions. The data
are also aggregated by NIOSH into a national
dataset. NIOSH regularly undertakes multi-
state analyses and generates reports. As a result,
the SENSOR–Pesticides program has suc-
ceeded in identifying industries, occupations,
and activities at high risk for acute pesticide
poisoning.

The program has had several impacts. For
example, after the publication of a paper that
documented the magnitude of acute pesticide
poisoning associated with pesticide exposures at
schools in 2005, at least five states have passed
rules or laws requiring or recommending
Integrated Pest Management (IPM) in schools
statewide (1). Some emerging issues have been
identified through SENSOR–Pesticides. For
example, federal, state, and local authorities
investigated three cases of infants born with
congenital anomalies whose mothers worked at
the same grower’s farms during the first eight
weeks of their pregnancies, the time in which
an embryo’s organs are formed (26). During
the first eight weeks of their pregnancies, all
three mothers appear to have worked in fields
recently treated with pesticides in violation
of federal and state pesticide regulations.
Subsequently, in 2008, the state legislature
in North Carolina passed antiretaliation
and record-keeping laws, training mandates
to protect the health of agricultural work-
ers, and funding for improved surveillance
(25).

STATE AND LOCAL PROGRAMS
PLAY A CRITICAL ROLE

Another theme of contemporary occupational
health and environmental public health surveil-
lance is the critical role state and local surveil-
lance programs continue to play in conducting
meaningful surveillance, in tandem with con-
ducting evidence-based outreach and interven-
tions (66). State and local programs are posi-
tioned to understand the occupational health
and environmental public health needs within
their jurisdictions and to use the information
obtained from public health surveillance to
coordinate prevention efforts in communities
and target populations. Acceptability, the will-
ingness of persons and organizations to par-
ticipate in a surveillance system, is a key at-
tribute of a public health surveillance system
(54, 62). State/local programs often appreci-
ate the cultural and societal influences that de-
termine whether communities, industries, or

114 Shire et al.
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occupations support and buy into the monitor-
ing of hazards, exposures, and/or health out-
comes within their populations.

State and local programs have provided a
multitude of recent examples of effective oc-
cupational health and environmental public
health surveillance (5, 6, 11, 15–17, 20, 22–24,
28, 33, 34, 44, 49–51, 58, 59, 61, 63, 73, 74, 80,
88, 92, 97–104, 106, 107, 110, 111, 118, 125–
128, 136, 137).

As one example, the Washington State
Safety and Health Assessment and Research
for Prevention (WA-SHARP) program ini-
tiated efforts to prioritize their research and
prevention activities through a data-driven
approach in the beginning part of the current
decade (130). They realized that an industry-
based approach might be useful, given that
multiple health end points could be tracked
in such an approach. When tracking multiple
end points within an industry, the link to
prevention from the employer viewpoint was
potentially more acceptable. By selecting
an industry and focusing on work-related
musculoskeletal disorders, fall injuries, being
struck by objects, being caught in or under
objects, or vehicular crashes, WA-SHARP
investigators were able to account for a major
portion of workplace injuries that resulted in
time loss workers compensation claims. The
WA-SHARP program identified seven major
injury types that accounted for 90% of all
compensable claims (also known as time loss
claims), 90% of state fund compensable claim
costs, and 90% of state fund time loss days (14).

Lacking any national occupational health
surveillance system to provide occupational
health practitioners the necessary data, a num-
ber of state projects have combined data from
different sources and used data linkage meth-
ods to obtain estimates within their respective
states (21, 46, 67, 105, 117). Using such an ap-
proach, State of Michigan officials found that
the agriculture, manufacturing, and construc-
tion industries had the highest rates of work-
related amputations within their state for that
year (117).

THE EMERGENCE OF PUBLIC
HEALTH INDICATORS

Developing and calculating public health indi-
cators have become important initiatives within
both occupational health and environmental
public health surveillance, and we consider this
to be another important topic worth discussing.
An indicator has been defined as “a construct of
public health surveillance that defines a mea-
sure of health (i.e., the occurrence of a disease
or other health-related event) or a factor asso-
ciated with health (i.e., health status or other
risk factor) among a specified population” (42,
p. 67). There have been three significant envi-
ronmental health indicator initiatives and one
ongoing occupational health indicators initia-
tive in the United States since the mid 1990s.

Occupational Health Indicators
from CSTE/NIOSH

Beginning in 2001, a work group of state oc-
cupational health officials and CDC/NIOSH
members developed a consensus approach to
identify a set of occupational health indicators
(36). The criteria for selecting the indicators
were (a) availability of easily obtainable state-
wide data, (b) public health importance, and
(c) potential for workplace intervention activ-
ities. After the group picked nineteen occupa-
tional health indicators and one employment
demographics profile, five NIOSH-funded
states then created specific guidelines for
calculating each of these measures and pilot-
tested the indicators. The Council of State and
Territorial Epidemiologists (CSTE)/NIOSH
collaboration produced an occupational
health indicators report for 13 participating
states using data from 2000 (42). Because
the data-collection systems vary by state for
some indicators (e.g., workers compensation),
the work group consistently cautions against
comparing one state against another for those
indicators (41). NIOSH-funded state programs
continue to submit these same 19 occupational
health indicators to CSTE each year (39)
(Table 1).
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Table 1 CSTE/NIOSH occupational health indicators. Each indicator is intended to be calculated by state and yeara

# Indicator Source of data Type
1 Nonfatal injuries and illnesses reported by employers BLS Annual Survey of Occupational Injuries and

Illnesses (SOII)
O

2 Work-related hospitalizations State hospital discharge data O
3 Fatal work-related injuries Census of Fatal Occupational Injuries (CFOI) O
4 Amputations reported by employers SOII O
5 Amputations identified in state workers’ compensation systems State workers’ compensation data O
6 Hospitalizations for work-related burns State hospital discharge data O
7 Musculoskeletal disorders reported by employers SOII O
8 Carpal tunnel syndrome cases identified in state workers’

compensation system
State workers’ compensation data O

9 Pneumoconiosis hospitalizations State hospital discharge data O
10 Pneumoconiosis mortality State vital records O
11 Acute work-related pesticide poisonings reported to poison

control centers
American Association of Poison Control Centers O

12 Incidence of malignant mesothelioma State cancer registries O
13 Elevated blood lead levels among adults Adult Blood Lead Epidemiology Surveillance

(ABLES) program
E

14 Workers employed in industries with high risk for
occupational morbidity

Census Bureau County Business Patterns H

15 Workers employed in occupations with high risk for
occupational morbidity

Bureau of Labor Statistics Current Population
Survey (CPS)

H

16 Workers in occupations and industries with high risk for
occupational mortality

CPS H

17 Occupational health and safety professionals Current membership rosters of cited
organizations.

I

18 OSHA enforcement activities OSHA Office of Statistics I
19 Amount of workers’ compensation awards paid National Academy of Social Insurance S

aAbbreviations of types: H, occupational hazard; E, exposure; O, health outcome; I, intervention resource; S, socioeconomic impact.

Environmental Public Health
Indicators Project

The Environmental Public Health Indicators
(EPHI) Project was a joint collaboration among
the CSTE, the CDC/National Center for En-
vironmental Health (NCEH) and the Agency
for Toxic Substances and Disease Registry
(ATSDR), and the U.S. Environmental Protec-
tion Agency (EPA); the Association of State and
Territorial Health Officials (ASTHO), the Na-
tional Association of City and County Health
Officials (NACCHO), and the Public Health
Foundation (PHF) contributed as well (4). The
EPHI Project identified a list of potential in-
dicators for inclusion in a possible “national

public health surveillance system” (83, 95). Al-
though the EPHI Project did not create guide-
lines for calculating indicators, the project did
identify possible data sources and proposed
15 hazard indicators, 1 exposure indicator, 11
health outcome indicators, and 14 intervention
indicators (4, 29) (Table 2).

State Environmental Health
Indicators Collaborative

Informed by the EPHI Project, the State En-
vironmental Health Indicators Collaborative
(SEHIC) had an initial goal “to convene a group
of willing state level environmental health
practitioners as collaborators to develop and

116 Shire et al.
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Table 2 Indicators proposed by the Environmental Public Health Indicators Project

Hazard indicators (potential for exposure to contaminants or hazardous conditions)
Criteria pollutants in ambient air
Hazardous or toxic substances released in ambient air
Residence in nonattainment areas (for criteria air pollutants)
Motor vehicle emissions
Tobacco smoke in homes with children
Residence in a flood plain
Pesticide use and patterns of use
Residual pesticide or toxic contaminants in foods
Ultraviolet light
Chemical spills
Monitored contaminants in ambient and drinking water
Point-source discharges into ambient water
Contaminants in shellfish and sport and commercial fish
Exposure indicator (biomarkers of exposure)
Blood lead level (in children)
Health effect indicators (occurrence of morbidity or mortality attributed to exposure)
Carbon monoxide poisoning
Deaths attributed to extremes in ambient temperature
Lead poisoning (in children)
Noise-induced hearing loss (nonoccupational)
Pesticide-related poisoning and illness
Illness or condition with suspected or confirmed environmental contribution (a case or an unusual pattern)
Melanoma
Possible child poisoning (resulting in consultation or emergency department visit)
Outbreaks attributed to fish and shellfish
Outbreaks attributed to ambient or drinking water contaminants
Intervention indicators (programs or official policies addressing environmental hazards)
Programs that address motor vehicle emissions
Alternate fuel use in registered motor vehicles
Availability of mass transit
Policies that address indoor air hazards in schools
Laws pertaining to smoke-free indoor air; indoor air inspections
Emergency preparedness, response, and mitigation training programs, plans, and protocols
Compliance with pesticide application standards (among pesticide workers)
Activity restrictions in ambient water (health-based)
Implementation of sanitary surveys
Compliance with operation and maintenance standards for drinking water systems
Boil-water advisories

compare indicators for use within environ-
mental health surveillance and practice” (37).
SEHIC members first set out to develop and
pilot indicators on drinking water, air quality,
and asthma (37) and later also created indicator

work groups on climate change, air quality and
respiratory morbidity, and vector-borne disease
(40, 76). SEHIC work groups successfully de-
veloped an approach for using environmental
public health indicators at the state level along
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with templates and detailed how-to guides
(borrowing from the CSTE/NIOSH occu-
pational health indicator initiative) to enable
states to calculate the SEHIC indicators.

Environmental Public Health
Tracking Indicators

With a 2002 mandate from the United States
Congress, the Centers for Disease Control
and Prevention (CDC) began overseeing the
development of a comprehensive environmen-
tal public health tracking (EPHT) network
to mount an effective national response to
environmentally mediated acute and chronic
disease “outbreaks.” The CDC developed the
infrastructure, resources, and methods for
assembling and presenting available hazard,
exposure, and health indicator data to public
health professionals, researchers, and the
public to improve the health and welfare of
communities across the nation.

In May 2008, the 17 states and New York
City funded by the CDC for EPHT partici-
pated in providing data to the CDC that was
incorporated into a national public portal of the
EPHT network, which launched in October
2009 (http://www.cdc.gov/nceh/tracking/).
The data for the national EPHT portal ini-
tially provides county-specific information for
core indicators in eight areas of environmental
hazards and health indicators: water quality, air
quality, myocardial infarction, asthma, carbon
monoxide poisonings, childhood and other can-
cers, birth defects, and reproductive/birth out-
comes (Table 3). Additionally, funded states
are establishing state-specific EPHT portals,
which will provide less aggregated hazard, ex-
posure, and health indicator data to permit on-
going environmental public health tracking. Six
additional states were added to the tracking
program in 2010.

VALID METHODS AND USEFUL
TOOLS ARE IMPORTANT

Another theme worth noting is the
value new methods and useful tools have
brought to modern occupational health and

environmental public health surveillance. A
number of statistical methods have been devel-
oped for monitoring public health surveillance
data and have been covered in detail by Brook-
meyer & Stroup (18). Geostatistics, which
deals with spatial data, is applicable broadly to
environmental public health surveillance data
that are collected either as points referenced or
else associated with an areal unit (7). Consider,
for example, the air-quality monitoring in the
United States that is based on a network of
monitoring stations that are located largely
in mainly urban areas. How one infers the
values at points or blocks (points averaged over
blocks) differs from using only observed mon-
itored data points. This is known as a “change
of support problem” in geostatistics (134). If
the data are collected only at areal levels and
inference is desired at new areal levels, the
problem is referred to as a “modifiable area
unit problem” (68). An additional problem
arises if the environmental health surveillance
indicators need to be analytically related to
health and socio-demographic variables that
are also measured at different spatial resolu-
tions. A fruitful approach to solving the change
of support problem has been to apply Bayesian
statistical methodology either alone or in
combination with geostatistical methods (10).

A useful application of Bayesian analysis has
been one that combines output from Bayesian
models and numerical computations to pro-
duce reliable information on environmental
indicators of interest. One example is the
spatial predictions from an analysis based on
hierarchical Bayesian models for fine partic-
ulate matter that combines U.S. EPA federal
Reference Method PM2.5 monitoring data and
Community Multiscale Air Quality numerical
model output (82). The space-time hierarchical
Bayesian model has also been used to fuse daily
not only fine particulate air [24-h average but
also daily ozone (8-h maximum)]. These predic-
tive surfaces are available for both 12 km (East-
ern United States) and 36 km (conterminous
United States) and can be downloaded from
the Web (http://www.epa.gov/esd/land-sci/
lcb/lcb_sfads.html).
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Table 3 CDC Environmental Public Health Tracking Network Indicators: as of April 2010: National CDC Public Portal.
Each indicator is intended to be calculated by county and year. [See http://ephtracking.cdc.gov/showIndicatorsData.action
(representative by category).a]

1. Ambient air-quality indicators by county:
a. Annual PM2.5 level
b. Ozone days above regulatory standard
c. PM2.5 days above regulatory standard

2. Asthma/myocardial infarction hospitalizations by county
a. Age-adjusted rate of hospitalization for asthma per 10,000 population
b. Number of hospitalizations for asthma
c. Average daily number of hospitalizations for asthma by month
d. Crude rate of asthma hospitalizations among persons 35+ per 10,000
e. Annual age-adjusted rate of hospitalizations for myocardial infarction among persons 35+ per 10,000
f. Average number of hospitalizations by month for myocardial infarction

3. Birth defects by county by year (denominator is all live born infants of interest during a calendar year per 10,000 live
births over a five-year period)

a. Prevalence of anencephaly
b. Prevalence of cleft lip with or without cleft palate
c. Prevalence of cleft palate without cleft lip
d. Prevalence of gastroschisis
e. Prevalence of hypoplastic left heart syndrome
f. Prevalence of hypospadias
g. Prevalence of lower limb deficiencies
h. Prevalence of spina bifida with or without anencephaly
i. Prevalence of tetralogy of fallot
j. Prevalence of transposition of the great arteries
k. Prevalence of Trisomy 21
l. Prevalence of upper limb deficiencies

4. Cancer incidence by county (annual age-adjusted incidence rates per 100,000) and annual number of cases for
selected cancers for

a. Acute myeloid leukemia
b. Bladder cancer
c. Brain and other nervous system cancer
d. Breast cancer (females only)
e. Chronic lymphocytic leukemia
f. Leukemia
g. Lung and bronchus cancers
h. Non-Hodgkin’s lymphoma
i. Thyroid cancers

5. Carbon monoxide poisoning by county by year
a. Total number of carbon monoxide poisonings: emergency department visits
b. Age-adjusted rate of emergency department visits for carbon monoxide poisoning per 100,000 population

6. Childhood cancers (average annual rate by county for children under the age of 20) per 1,000,000 per year
a. Incidence of acute lymphocytic leukemia
b. Incidence of acute myeloid leukemia
c. Incidence of brain and central nervous system cancer
d. Incidence of leukemia

(Continued )
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Table 3 (Continued )

7. Childhood Lead Poisoning (percent elevated greater than 10 ug/dl by county)
a. Blood lead levels by birth cohort

Blood lead testing and housing age:
b. Number of children born in the same year and tested for lead before age three
c. Percent of children born in the same year tested for blood lead before age three
d. Number of homes built before l950 by county as measured in 2000 Census
e. Number and percentage of homes built between 1950 and 1979 measured by 2000 Census

8. Community water indicators
Arsenic

a. Distribution of number of community water systems by mean arsenic concentrations (micrograms per liter) by
three-year compliance period

b. Distribution of number of people served by community water systems by mean arsenic concentration (micrograms
per liter) by three-year compliance period

Public water use
c. Number of people receiving water from community water systems

Disinfection By-Products—haloacetic acids
d. Distribution of number of people served by community water systems by mean haloacetic acids

concentrations (micrograms per liter)
e. Distribution of number of community water systems by mean haloacetic acids concentrations (micrograms per liter)

by year
f. Quarterly distribution of number of people served by community water systems by mean haloacetic acids

concentrations (micrograms per liter)
Disinfection by-products—trihalomethanes

g. Distribution of number of people served by community water systems by mean trihalomethane concentrations
(micrograms per liter)

h. Quarterly distribution of number of people served by community water systems by mean trihalomethane
concentrations (micrograms per liter)

i. Distribution of number of community water systems by mean trihalomethane concentrations (micrograms per liter)
by year

Nitrates
j. Distribution of max nitrate concentrations (mg/L) by number of community water systems
k. Distribution of mean nitrate concentrations (mg/L) by number of community water systems
l. Distribution of number of people served by community water systems by maximum nitrate concentrations (mg/L)

m. Distribution of number of people served by community water systems by mean nitrate concentrations (mg/L)
Well water

n. Domestic well water use by county
o. Levels of contaminants in domestic (self-supplied) well water

9. Reproductive and birth outcomes by county per year
a. Growth retardation among singleton births
b. Prematurity among singleton births
c. Sex ratio

aFor details concerning calculation measurements or definitions, please refer to the CDC Web site above.

Another approach to spatial prediction is
Bayesian kriging, which effectively handles un-
certainty in parameter estimation. In previous
geostatistical approaches to spatial prediction
using kriging, the covariance structure was es-
timated first and then the estimated covariance

was used for interpolation. The properties of
the interpolants based on an estimated covari-
ance structure are poorly understood, and the
general tendency has been to discount the effect
of the uncertainty in the covariance structure
on ensuing predictions. A Bayesian approach
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to interpolation of spatial processes has pro-
vided a general methodology for taking into
account the uncertainty about parameters on
subsequent predictions.

Zhu et al. (135) showed how hierarchical
spatial regression modeling can be used to ana-
lyze a dataset relating several air quality indica-
tors (ozone, particulate matter, nitrogen oxides,
etc.) and a range of sociodemographic variables
(age, gender, race, and a socioeconomic status
surrogate) to a response: pediatric emergency
department (ED) visit counts for asthma in
Atlanta, Georgia. The air quality data are point
referenced, whereas the socio-demographic co-
variates and response variable are collected by
zip code.

Surveillance databases are often large, com-
plex, and multidimensional in nature; therefore,
the availability of software tools and methods
for analysis of data on an ongoing basis can be
essential to a surveillance system. Desktop geo-
graphic information systems are now powerful
enough in terms of memory, storage capacity,
and speed to generate quickly and easily maps
of environmental and disease risks (43). Inves-
tigators have begun to use satellite imagery in
environmental public health surveillance, and
the raster data format is ideal for processing
such images (52).

The availability of free geospatial resources
on the Internet has been a boon to the rapid
diffusion of geographic information systems
(GIS) tools. In particular, the standardization
of geographical hierarchy with associated Fed-
eral Information Processing Standards (FIPS)
codes (126) has allowed the census databases
to be spatially linked to various GIS layers
quickly and easily. The U.S. EPA has also
made several surveillance databases available
to the public in a database or spatial format
(http://www.epa.gov/enviro/).

Although GIS continues to be under-
utilized within occupational health surveillance,
other modern tools have been put to good use
within this field. The approach of using mul-
tiple datasets to obtain more complete case-
capture has been studied and effectively used
in various instances (13, 48, 106). Capture-

recapture has been successfully used to obtain
more complete estimates of workplace injuries
and illnesses and to assess the undercount of
individual surveys (86, 105).

RESOURCES MATTER

Subsequent to the Pew Commission’s rec-
ommendation to create a Nationwide Health
Tracking Network and provide $275 million to
fund 50 states, Congress began to allocate funds
for a National Environmental Public Health
Tracking Network in 2002. Congress initially
provided $17.5 million per year to be admin-
istered by the CDC; this amount has since
grown to $33 million per year in 2010, a portion
of which funds 22 states and New York City.
These funds have made significant impacts on
investigators’ capacity to conduct environmen-
tal public health surveillance within the funded
states in the United States (72). With more
than 20 environmental public health track-
ing and disease surveillance programs having
been initiated at the regional, state, and lo-
cal health department levels, the National En-
vironmental Public Health Tracking Network
(EPHTN) represents perhaps the first coordi-
nated effort to address the relationship between
environmental insults and chronic disease
nationwide.

During this same period, occupational
health surveillance has not received any anal-
ogous funding from Congress to create a
comprehensive nationwide occupational health
tracking network to address the many chal-
lenges of tracking injuries and illnesses in U.S.
workers. The epidemiology and surveillance
capacity of state and territorial occupational
health programs in the United States has been
and continues to be very poor; most states re-
port minimal to no capacity (38). As an exam-
ple, the goal of the Adult Blood Lead Epidemi-
ology and Surveillance program is to monitor
and effectively prevent lead overexposures in
the United States (89), yet the average annual
funding for a state program in 2009 was ap-
proximately $20,000 (90). In Tables 4 and 5,
we address the extent of coverage provided by
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Table 4 Examples of multistate environmental public health surveillance systemsa

Name of surveillance
system/program

Responsible
organization

Tracked
measure(s) States participating

% U.S. population
coveredb

AIRNow EPA Air Quality Index All 100%
CDC’s Childhood Lead
Poisoning Prevention Program

CDC/NCEH Childhood blood
lead levels

All 100%

Environmental Public Health
Tracking

CDC/NCEH EPHT indicators
(see Table 3)

CA, CO, CT, FL, KS, LA, ME,
MD, MA, MN, MO, NH, NJ,
NM, NY, NYC, OR, PA, SC,
UT, VT, WA, WI

54%

National Toxic Substances
Incidence Program

CDC/NCEH Hazardous
substance events
and illnesses

OR, UT, WI, NY, TN, NC, LA 16%

aAbbreviations: CDC, Centers for Disease Control and Prevention; EPHT, environmental public health tracking; NCEH, National Center for
Environmental Health.
bSource: U.S. Census Bureau: American Community Survey: 2006–2008 national and state population estimates.

different surveillance systems as varied by sys-
tem and by which states are included.

PUBLIC HEALTH
SURVEILLANCE SYSTEMS ARE
DESIGNED FOR PRACTICE BUT
ALSO SERVE RESEARCH

In addition to public health practice, public
health agencies sometimes conduct research

to gain necessary insight into the cause(s) of
disease and risk factors or the efficacy of in-
tervention methods. Relevant to public health
agencies or their representatives conducting
surveillance, the U.S. Department of Health
and Human Services’ Title 45 Code of Federal
Regulations Part 46 (45 CFR 46) addresses
the ethical issues in research involving human
subjects (47). Surveillance systems and disease
registries have been useful to both public

Table 5 Examples of multistate occupational health surveillance systems

Name of surveillance system Measures States participating
% of U.S. workforce

covereda

Adult Blood Lead Epidemiology
and Surveillance (ABLES)

Elevated blood lead AK, AL, AZ, CA, CT, FL, GA, HI, IA, IL,
IN, KS, KY, LA, MA, MD, ME, MI, MN,
MO, MT, NC, NE, NH, NJ, NM, NY,
OH, OK, OR, PA, RI, SC, TN, TX, UT,
VT, WA, WI, WY

91%

SENSOR–Pesticides Pesticide poisonings CA, IA, MI, NY, TX, WA (funded); AZ,
FL, LA, NC, NM, OR (unfunded)

45%

Fatality Assessment and Control
Evaluation (FACE) Program

Case investigations for
targeted fatalities

CA, OR, IA, KY, MA, MI, NJ, NY, WA 32%

State-Based Occupational
Health Surveillance in
Work-Related Asthma

Work-related asthma
cases

CA, MA, MI, NJ 19%

State-Based Occupational
Health Surveillance in Silicosis

Silicosis cases MI, NJ 6%

aSource: Bureau of Labor Statistic—Occupational Employment Statistics: May 2009 release of national and state employment from all occupations.
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health practice and research, and a public
health agency is sometimes faced with the
question of whether an analysis or project
should be deemed “research.” If a project is
deemed research, it must be submitted to the
organization’s Human Subjects Review Board
(HSRB); if it is unclear whether a project or
analysis is research, it can be submitted to an
HSRB to let the board make a determination.

Diligent to protect human subjects, the
CDC created a human subjects review board in
the 1980s and developed an initiative in 1997
to help “develop a strategic vision for improv-
ing its human subjects protection system” (113,
p. 2). To provide some written guidance on
interpreting 45 CFR 46 to both the organi-
zation and its staff, CDC’s Office for Protec-
tion from Research Risks created Guidelines for
Defining Public Health Research and Public Health
Non-Research (30). These guidelines recognized
surveillance, emergency response, and program
evaluation as the types of activities within CDC
that may be the most difficult to classify as either
research or public health practice. Although
each activity must be judged on a case-by-case
basis, “The major difference between research
and nonresearch lies in the primary intent of the
activity” (30, p. 1). If an activity’s major intent
is to improve the health of the same “clients”
or same population of people or to improve a
service to that population, then the activity is
public health practice. If the primary purpose
of the activity is “to develop or contribute to
generalizable knowledge” (47) and apply that
knowledge to other populations, then the activ-
ity is research. The CDC guidelines note that
disease reporting or data collection performed
via a recognized public health authority, such as
a state health department, are usually not con-
sidered to be research. These guidelines have
been recently updated in the form of a CDC
policy document (31).

Researchers in both public health agencies
and academia may benefit from empirically de-
rived hypotheses (also known as a posteriori)
that are generated from cross-sectional analyses
of surveillance systems data. They can then for-
mulate subsequent studies (e.g., a case-control

or cohort study) to test the hypothesis a priori.
For example, Xu et al. (133) demonstrated that
existing secondary data can be an economical
source to assess the impact of point source pol-
luters on the environmental landscape. They
evaluated the impact of the closing in 1998 of
a Pittsburgh, Pennsylvania, coking facility on
cardiovascular and respiratory disease hospi-
talizations in the elderly before and after clo-
sure (1996–2000) using existing hospital ad-
mission, air pollution, and climatic data. Data
were analyzed using a case-crossover design,
and the results showed significant associations
between the highest levels of PM10 and car-
diorespiratory hospitalizations (OR: 1.13; 95%
CI: 1.01–1.26) before the plant closure. Af-
ter closure of the plant, PM10 was not sig-
nificantly associated with cardiorespiratory or
cardiovascular disease hospitalizations. More-
over, other academic centers of excellence in
EPHT have joined with CDC tracking states to
consider specific regional environmental health
concerns such as the relationship between air
quality and adverse birth outcomes (129).

The information needs of practitioners and
decision makers are perhaps best met by com-
plementing information from an established
knowledge base, ongoing surveillance, and
research.

OTHER IMPORTANT
ACTIVITIES

Corporate monitoring, medical surveillance,
environmental monitoring, and a number of in-
dividual surveys play a significant role in pro-
viding useful information for the purposes of
prevention and decision-making (3, 12, 56, 87,
96, 109, 138). The National Health and Nutri-
tion Examination Survey has provided national-
level estimates of the biomarkers of exposure
for many chemicals in the U.S. population.
Corporations, government entities, and vari-
ous workplaces often monitor the workplace
for hazards and test workers for exposures and
clinical measures of disease (45, 78, 79, 81,
96, 109). Lacking a nationwide occupational
health surveillance system, occupational health
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researchers have often turned to supplemen-
tal surveys to fill basic information gaps on
worker health. The National Health Interview
Survey, the Behavioral Risk Factor Surveillance
System, and the National Agricultural Work-
ers Survey offer important examples of such
supplements.

CURRENT CHALLENGES

Our last theme in occupational health and en-
vironmental public health surveillance is the
current challenges. Although the cost of oc-
cupational injuries, illnesses, and deaths in the
United States has been estimated to be between
$128 billion and $155 billion per year (114),
no comprehensive nationwide surveillance sys-
tem exists to monitor workers’ injuries and ill-
nesses. The primary U.S. data source for worker
illnesses and injuries is the Department of
Labor’s (DoL) annual Survey of Occupational
Injuries and Illnesses (SOII), which collects data
provided by responding employers. The short-
comings of this data source for the purposes
of prevention and decision-making have been
well documented since the 1980s (13, 35, 46,
55, 70, 71, 85, 86, 105, 117), but little has
been done to change the fundamental prob-
lems of using an employer-based approach to
capture workers’ injuries and illnesses in the
United States. The Occupational Safety and
Health Act of 1970 explicitly excluded govern-
ment workers (including firefighters and po-
lice officers), the self-employed, and many other
workers from being included in the DoL’s an-
nual survey; this means ∼1 in 5 workers were in-
tentionally excluded. Beginning in 2008, DoL
began to include state and local workers in the
SOII (108). Beyond these exclusions by design,
strong disincentives exist for both employers
and workers alike not to report workplace in-
juries and illnesses (8, 60). Studies in one U.S.
state have estimated the SOII missed ∼2 out
of 3 workplace injuries from 1999 to 2001 and
36% of the work-related amputations in the
state during 1997 (105, 117). Many of the most
vulnerable workers are the most likely not to
have their workplace injuries captured by the

SOII (116). This establishment-based survey
performs largely as dictated by Congress in the
Occupational Safety and Health Act of 1970
(70, 91, 108).

Most workplace hazard and exposure mon-
itoring is done within corporate monitoring
programs and by the Occupational Safety and
Health Administration for the purposes of self-
monitoring and regulatory compliance, respec-
tively. Advocates in occupational health have
called for better hazard and exposure surveil-
lance to inform prevention and policy-making
decisions within U.S. workplaces for decades
(53, 131).

For environmental public health surveil-
lance especially, taking advantage of health out-
come data such as ED data, often available in
electronic format and able to be deidentified,
makes feasible a linkage between the hazard or
environmental exposure and the outcome. ED
visits and admissions, hospitalizations, and data
from cancer registries, all offer significant po-
tential for such ecological investigations. The
combination of a deliberate and thoughtful con-
sideration of a study’s rationale, as well as ad-
justment for confounders, takes time and, un-
fortunately in the case of surveillance, these
amenities are not always available. Many prob-
lems can be avoided if the age and gender dis-
tributions of a population are known and rates
of disease as well as counts are able to be strati-
fied and analyzed by age and gender. Moreover,
plentiful and detailed census information on the
area under study and careful consideration of
the area of exposure will help ensure the most
specificity of representation of the exposure to
the exposed population (119).

Being able to identify emerging issues is an
important function of a public health surveil-
lance systems (19) and can be quite difficult to
do; this remains a significant challenge within
both occupational health and environmental
public health surveillance. Investigators have
offered one way to help identify emerging is-
sues: Occupational and environmental health
clinics should have a mechanism by which to
communicate unusual findings, which could be
coordinated centrally (69, 77, 132).
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FUTURE ISSUES

1. Electronic health records must become capable of capturing a person’s occupational
history. Including clinical decision support systems within clinical practices could prompt
clinicians to inquire about a patient’s occupation and help prevent and/or diagnose work-
related illnesses. Clinical decision support could apply to environmental exposures also,
including prompting a clinician to test a child’s blood lead level if the child resides in a
community with known lead hazards.

2. The United States must confront the long-standing issue of undercounting injuries and
illnesses in the workplace and address the need for accurate estimates to inform prevention
efforts. Decision makers must commit to finding ways to enable effective hazard and
exposure surveillance in the workplace in the United States.

3. Workers and the public should have access to comprehensible information on the hazards
and exposures they face within their occupations, industries, and communities.

4. Impartial evaluations of individual occupational health or environmental public health
surveillance systems should be performed by senior staff outside of the program being
evaluated and across disciplines and then be made public (55). Expert panels could provide
recommendations for improving surveillance systems, and advisory boards could help
ensure large, developed programs are effective.

5. Topic-specific knowledge bases for practitioners and the public should be created and
offered online to provide an information-foundation upon which surveillance activities
are conducted and research studies are planned.

6. The creation of a journal dedicated to the science and practice of public health surveillance
would serve the needs of the public health community. Such a journal could cover both
the theoretical (e.g., models of how a system contributes to people’s health/safety being
improved) and the applied (e.g., improved approaches to case ascertainment, effective
data linkages, enumeration of existing hazard/exposure/health surveillance systems, etc.)
aspects of public health surveillance.

7. Decision makers must address the issue of some states consistently not receiving federal
funds and having little to no capacity to conduct occupational health or environmental
public health surveillance within their states. The National Environmental Public Health
Tracking Network should include all states within the United States, and additional
indicators should be added to meet stakeholder needs.

8. We must continue to develop practitioner-oriented user-friendly tools for linking and
analyzing environmental and health-outcome data with particular focus on state-of-the-
art spatial and statistical analysis methods.
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