Years

NORA

TheTeam Document

Ten years of leadership advancing the
National Occupational Research Agenda

NORA
NORA

TheTeam Document

Ten years of leadership advancing the
National Occupational Research Agenda

U.S. Department of Health and Human Services
Public Health Services
Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health
Washington, DC

April 2006

Ordering Information

Copies of National Institute for Occupational Safety and Health (NIOSH)
documents and information about occupational safety and health are available
from
NIOSH-Publications Dissemination
4676 Columbia Parkway
Cincinnati, OH 45226-1998
Telephone:
		
Fax:		
E-mail:		
Webpage:		

1-800-35-NIOSH
1-800-356-4674
513-533-8573
pubstaft@cdc.gov
www.cdc.gov/niosh

This document is the public domain and may be freely copied or reprinted
Disclaimer: Mention of any company or product does not constitute endorsement by NIOSH.
DHHS (NIOSH) Publication No. 2006-121

contents
FOREWORD

v

INTRODUCTION

IX

DISEASE AND INJURY
Allergic and Irritant Dermatitis
Asthma and Chronic Obstructive Pulmonary Disease

3
9

Hearing Loss

15

Infectious Disease

21

Musculoskeletal Disorders (includes Low Back Disorders)

27

 eproductive Health Research
R
(formerly Fertility and Pregnancy Abnormalities)

33

Traumatic Injuries

41

WORK ENVIRONMENT AND WORKFORCE
Emerging Technologies

49

Indoor Environment

55

Mixed Exposures

61

Organization of Work

67

Special Populations at Risk

73

RESEARCH TOOLS AND APPROACHES
Cancer Research Methods

81

Control Technology and Personal Protective Equipment

87

Exposure Assessment Methods

95

Health Services Research

101

Intervention Effectiveness Research

107

Risk Assessment Methods

113

Social and Economic Consequences of Workplace Illness and Injury

121

Surveillance Research Methods

127

APPENDIX
NORA Team and Related Publications

135

NORA Team Members

142

FOREWoRD
Partnerships are vital to providing safe and healthy workplaces.
Nowhere is this principle more realized than in the National
Occupational Research Agenda, or NORA. Nearly ten years
ago participants from diverse interests and perspectives joined
NIOSH to establish a common research vision for the nation.
This collaboration sparked a decade of leadership in occupational
safety and health research.
Occupational injuries and illnesses affect us all. They result in
losses of life, impairments in health, and diminished capacity
for men and women in their prime. The burden these injuries
and illnesses impose on families, communities, businesses, and
the U.S. economy is enormous. Innovative research is critical
for designing new tools and methods to reduce these burdens,
and for anticipating new concerns in a changing workplace. No
single agency or institution can face the challenges of mounting
such research alone.
NORA offers a blueprint for developing effective partnerships.
Through NORA diverse parties collaborated to produce
innovative occupational safety and health research, and then
worked to translate that research into effective workplace
practices. By leveraging the talents and resources of many
partners, NORA has stimulated important advancements in
workplace safety and health.
As NORA marks its ten year anniversary NIOSH and our
partners have the opportunity to reflect upon these historic
public and private sector partnerships. I am pleased to present
the Team Document, which describes both a decade of
leadership in the 21 NORA priority areas and the teams’ visions
for the future of occupational safety and health research.

John Howard, MD
Director, National Institute for Occupational Safety and Health
Centers for Disease Control and Prevention

Introduction
Ten years ago, in the face of a rapidly expanding and increasingly
diverse workplace, NIOSH asked the question:
What will the workplace of 2006 look like?

Significant progress had been made addressing many longstanding safety and health issues. Other hazards, however,
remained problematic. And as the pace of technology
advanced with unprecedented momentum, new challenges
and opportunities were anticipated. Given this complex
environment, what research would be needed to ensure safer,
healthier workers in the 21st century?
The National Occupational Research Agenda, or NORA, sought
to address these important questions. Unveiled in 1996, NORA
became a map by which the occupational safety and health
community could identify, generate, design, and fund priority
research efforts. No previous occupational research agenda had
captured such broad input and consensus. More than 500
individuals and organizations outside of NIOSH contributed to
its development.

These contributions identified 21 priority areas for the 21st
century. The priorities were not ranked, but did seek to encompass
current and future needs. As illustrated below, the 21 priorities
were grouped into three categories: Disease and Injury, Work
Environment and Workforce, and Research Tools and Approaches.
Disease and Injury
Allergic and Irritant Dermatitis
Asthma and Chronic Obstructive
Pulmonary Disease
Fertility and Pregnancy Abnormalities
(later known as Reproductive Health Research)
Hearing Loss
Infectious Diseases
Low Back Disorders
Musculoskeletal Disorders
Traumatic Injuries

Work Environment and Workforce
Emerging Technologies
Indoor Environment
Mixed Exposures
Organization of Work
Special Populations at Risk

Research Tools and Approaches
Cancer Research Methods
Control Technology and
Personal Protective Equipment
Exposure Assessment Methods
Health Services Research
Intervention Effectiveness Research
Risk Assessment Methods
Social and Economic Consequences
of Workplace Illness and Injury
Surveillance Research Methods



The robust partnerships developed during this process fostered
the creation of both the NORA Liaison Committee and the
NORA research teams. The NORA Liaison Committee consisted
of 22 diverse members who facilitated communication with
stakeholders, encouraged participation on research teams,
and identified opportunities to initiate research. Twenty
priority research teams also were formed (two priority areas—
musculoskeletal disorders of the upper extremities and low
back disorders—were addressed by one team). These teams
led the development and dissemination of new research under
each NORA topic. Team membership included individuals from
universities, professional organizations, major manufacturing
industries, leaders in the insurance industry, health and safety
professionals from organized labor, and representatives from
several government agencies.
The diversity of participants contributed to the success of
NORA, as the program effectively responded to its different
constituencies. NORA team members fostered a unique forum
to bridge gaps, encourage new research, and promote the
adoption of effective workplace interventions. NORA enabled
the Liaison Committee members to create relationships among
organizations who had not previously collaborated. NORA
supported occupational safety and health researchers in all 21
priority research areas, and offered a mechanism for funding
organizations to focus their support in high-priority areas. Last,
and somewhat unexpectedly, NORA became a partnership
model for numerous local, state, and international occupational
health organizations.
This document describes the successes of the teams and reflects
on lessons learned during the first decade of NORA. Each NORA
research team has described its efforts through a discussion
of its priority area, progress made in the last ten years, and its
perspective on important areas for future research. Advancing
intervention effectiveness research, promoting new international
standards for hearing-loss prevention, and describing new risks
from hazardous drugs are just a few examples of impact that will
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be described in the following pages. Each chapter also includes a
graph to illustrate trends in NORA funding by NIOSH during
the past decade. A separate print compendium, titled A Focus
on Impacts: NORA Research 1996-2005, and a more detailed
electronic version titled A Compendium of NORA Research
Projects and Impacts, 1996-2005, complement this volume and
describe the accomplishments of individual NORA research
projects.
Preventing injury and illness on the job, where working men
and women spend an important part of their adult lives, is vital
for sustaining workers and families, reducing health care costs,
and maintaining a strong economy. NORA has made its mark
for helping create safer, healthier workplaces. It is our hope that
this document will foster reflection on our previous achievements
and will help us move forward for another successful decade of
occupational health safety research.

xii

disease and injury

Allergic and Irritant Dermatitis

8

6

4

2

96

97

98

99

00

01

02

03

04

Funding in millions by fiscal year. ■ Indicates intramural funds ■ Indicates extramural funds

Few workplaces are free from exposures to the multitude of agents
that cause allergic and irritant dermatitis. Prevention, therefore, is
the key to reducing this common occupational disorder. Critical
components of prevention include identifying the chemicals
and proteins that cause allergic or irritant dermatitis, educating
workers and their employers about the hazards of those chemicals,
training physicians about occupational exposures, and promoting
the benefits of good skin hygiene.
When NORA began in 1996, researchers had identified the
most allergenic and irritant chemicals and proteins by either
clinical experience or animal testing. Then, as now, most hazard
identification data on skin sensitizers and irritants were the
property of companies manufacturing consumer products, and
little interest existed in researching occupational dermatitis.
Laboratory researchers had few opportunities to exchange ideas



with their clinical counterparts. One exception was the Dermal
Exposure Network, organized and funded by the European
Union to study occupational skin exposure and to develop better
exposure assessment and risk assessment methods. This project
was designed to improve the identification and prevention of
systemic toxicity resulting from dermal chemical exposures.
Elements of the European Dermal Exposure Network would
later influence the research agenda of the NORA Allergic and
Irritant Dermatitis (AID) team.
A Decade of Progress
The team began with a multifaceted approach. First, they
identified research gaps and priorities, assigning them to one of
three groups: Basic Biomedical Science; Clinical/Epidemiology/
Surveillance; and Exposure and Risk Assessment/Prevention.
Although modified slightly, the list was incorporated into the FY
1998 Request for Application (RFA) for regular and pilot research
grants. This pioneering collaboration joined NIOSH and the
National Institutes of Health (NIH) to fund research projects
in response to the NORA priorities. Five research projects were
funded in 1998. In subsequent years, additional AID extramural
projects were funded, including a surveillance project sponsored
by the NORA Surveillance Research Methods priority area.
The team played a pivotal role in creating forums to share
research results across disciplines and to plan improved
prevention efforts. Team members were instrumental in
forming the Experimental Contact Dermatitis Research Group
(ECDRG). This group sponsors biannual conferences to discuss
the basic and applied science of contact dermatitis. Scientists
from academia, government, and industry exchange information
with laboratory scientists and clinicians.
The team worked closely with several related professional
organizations such as the American Contact Dermatitis
Society and the American Industrial Hygiene Conference and
Exposition to highlight recent research and clinical study results
related to occupational skin diseases. Team members offered



lectures and courses in a number of existing forums, such as the
“UAW–GM Health and Safety Training Conference” (2001) and
the “First International Symposium on Diagnosis, Treatment,
and Prevention of Dermatological Problems Among Health Care
Workers” (2001).
In response to the priority research areas identified by the
team, NIOSH created the NORA Dermal Exposure Research
Program. In 2000, 10 projects in this Program were initiated.
The Program’s accomplishments include research on chemical
penetration into the skin for better risk assessment; research to
develop improved quantitative structure-activity relationships for
screening chemicals as possible skin sensitizers; development of
information for occupational hygienists to guide investigations of
occupational dermal issues; development of improved NIOSH
policy on skin notations to identify potential skin irritants/
corrosives, sensitizers, and systemic toxics by the skin route; and
organization of two international conferences. The “Occupational
and Environmental Exposures of Skin to Chemicals” conferences
brought together occupational and environmental health
professionals, dermatologists, laboratory scientists, policy
makers and others to focus on improved prevention of local
and systemic injury and disease caused by exposing skin to
chemicals. In addition, the NIOSH Website features a Skin
Topic Page to highlight documents and links to other useful
resources, including the updated educational program entitled
“Occupational Dermatoses—A Program for Physicians.”
Finally, NORA-related research efforts have made positive
contributions in understanding decontamination, sampling,
worksite effectiveness of protective clothing, immunological
responses leading to occupational skin diseases, and detection
of surface contamination. The Occupational Safety and Health
Administration (OSHA) has added important information
related to dermal exposures to its Website, and the U.S.
Environmental Protection Agency (EPA) has refined its guidance
for assessing the hazard of skin exposures to chemicals in soil and
water at hazardous waste sites.



Future Directions
During the next decade, more effort will be needed to compile
information on successful interventions aimed at preventing
hazardous exposures to the skin and to demonstrate the
efficiencies resulting from such effective efforts. Increased
awareness of occupational skin exposures and effects is still
needed for dermatologists, occupational physicians, and
occupational hygienists. Although there are numerous
opportunities for these health professionals to take courses or
read books about the identification and prevention of hazardous
occupational skin exposures, recent efforts have not demonstrated
an increased awareness of the potential problems. As a result,
many opportunities to prevent harm are not recognized.
The team’s research agenda highlights many areas in which
research is needed:
Basic Biomedical Sciences
Establish predictive tests (e.g., in vitro, QSAR,
animal, and clinical) for identifying corrosive and
irritant chemicals and allergens in the workplace.
Develop a chemical and biological database
(gold standards) for validation of a new
methodology for irritant contact dermatitis (ICD)
and allergic contact dermatitis (ACD).
Develop approaches for assessing the irritant
potential of chemical mixtures.
Investigate susceptibility factors (e.g., genetic,
age, metabolism, and environmental) influencing
the development of ICD and ACD.
Increase knowledge of basic pathophysiology of
ICD and ACD.
Encourage the exchange of information (e.g.,
scientific meetings) focusing on AID in the
workplace.



Clinical/Epidemiology/Surveillance
Investigate the relationship of AID and respiratory
disorders (epidemiology and pathogenesis).
Develop and validate assays for contact urticaria
(immune and non-immune).
Develop and validate in vitro assays for ACD (cellmediated immunity).
Develop and validate methods to identify
precursors or predictors of clinical disease.
Increase knowledge of risk factors, prevalence,
incidence, economic impact, natural history,
prognosis, treatment, and prevention of hand
dermatitis and dermatitis on other sites.
Improve, expand, and validate the methods to
acquire medical and public health surveillance
data with a focus on high-risk occupations and
tasks. Support and expand current systems and
programs.
Improve methods to study outbreaks by
developing and validating protocols (to be
conducted prior to more detailed NIOSH or other
investigations).

Exposure and Risk Assessment/Prevention
Identify high-risk occupational groups and
work tasks with potential for dermal exposure
absorption.
Develop health-based criteria for acceptable
occupational skin exposure to limit effects of
irritancy, sensitization, or systemic toxicity.
Develop improved methods for measuring skin
exposure.
Improve methods for assessing skin barrier
properties.



Improve risk assessment methods to evaluate AID
and systemic toxicity.
Improve existing and develop new preventive
strategies and tools to reduce AID and systemic
toxicity.
Develop and evaluate approaches to training
workers to prevent AID and systemic toxicity.

On the basis of funding and the sheer numbers of involved
professionals, Europe is anticipated to remain the leader in
skin disorders of occupational origin. Americans, however, are
expected to make major contributions, with the hope that they
will apply the integrated international knowledge learned to
the pursuit of solving occupational skin exposure and disease
problems. The continued emphasis on multidisciplinary and
international forums to share information is essential to effective
use of the resources allocated to identify and solve dermal
exposure problems in the U.S. and internationally.
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When nora began in 1996, occupational asthma was the most
frequent respiratory diagnosis among patients in occupational
medicine clinics. Asthma and Chronic Obstructive Pulmonary
Disease (copd) caused nearly 92,000 deaths in the U.S. in
1992, making these airway diseases the fourth leading cause of
mortality. Over a decade later, copd continues to be a common
outcome among workers exposed to dusts.



A Decade of Progress
When the Asthma/copd nora Team formed in 1996, multiple
lists of research goals existed for these conditions. Rather than
contribute to this already robust literature, the team chose
instead to encourage the implementation of the following goals:
Determine the occupational contribution to the
burden of asthma and copd.
Determine the economic impact of work‑related
asthma and copd.
Develop methods for the identification of
work‑related asthma.
Determine the contribution of work to the
exacerbation of asthma.
Investigate the contribution of indoor air in
non‑industrial worksites to the onset and
exacerbation of asthma.

Progress on these goals has been steady. First, team-supported
research suggests that 15% to 19% of asthma and copd can be
attributed to workplace exposures. The team provided support
to the American Thoracic Society (ATS) to study this issue. The
ATS later published a statement concluding that 15% of asthma
and copd can be attributed to work. Work conducted by NIOSH,
using data from the Third National Health and Nutrition
Examination Survey (NHANES III), found that 19% of copd was
occupationally related. This estimate was as high as 31% among
people who never smoked.
In addition to these serious health consequences, work-related
asthma and COPD impose a substantial financial burden to the
U.S. A team-supported analysis concluded that work-related
asthma and COPD cost the nation $6.6 billion annually.
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Recognizing these conditions to improve prevention and
treatment remained an important priority. The team contributed
to the development of methods that clinicians and researchers
can use to identify work-related asthma. In addition, the team
contributed funding and personnel to revise the ATS Respiratory
Questionnaire. The new document will include more questions
about asthma and work than the original survey.
Work within NIOSH also has been steady, with the launch of the
Research on Occupational Asthma Reduction (ROAR) program in
2000. The individual projects within the ROAR program were:
“Research for Occupational Asthma Reduction/
Coordination”;
“Workplace Exacerbation of Asthma”;
“Work-Related Asthma in School and Office
Buildings”;
“Medical Monitoring for Workers Using
Isocyanates”; and
“Lab Core for the Research on Occupational
Asthma Reduction Program.”

Several ROAR projects have demonstrated impressive impacts.
Members of the “Workplace Exacerbation of Asthma” project
collaborated with the manufacturer of a portable spirometer to
develop software that facilitates testing for a work-related pattern
in serial peak expiratory flow measurements. This software is
now available to the manufacturer’s customers at no additional
cost. The project “Medical Monitoring for Workers Using
Isocyanates” has continued to forge collaborative relationships
with companies to investigate the effectiveness of medical
monitoring among workers at risk for asthma. The ROAR project
“Work-Related Asthma in School and Office Buildings” has
resulted in the development of a visual assessment tool for
documenting water damage and mold in buildings, increasing

11

exposure assessment methods for non-industrial indoor working
environments. Ratings assigned by the tool have been shown to
have a positive association with questionnaire data for occupant
health effects. Measured exposures from field studies in offices
and schools are providing strong evidence for using dust as a
historical marker of building contamination. Several components
of dust, such as total and culturable fungi, endotoxin, and cat or
dog allergens, are showing positive associations with occupant
health effects. Five Health Hazard Evaluation Reports have been
completed as part of this project.
Finally, baseline data from the ROAR project “Workplace
Exacerbation of Asthma” and population-based studies in
Colorado and Maine demonstrated that work does contribute to
the exacerbation of symptoms in approximately 25% of adults
with asthma. A 1998 commentary published in the American
Journal of Industrial Medicine proposed that work-exacerbated
asthma was potentially as serious as work-initiated asthma,
since in both instances continued exposure could result in fixed
airflow obstruction.
Many partnerships have resulted from the efforts of the Asthma/
COPD nora Team, including partnerships with the National
Heart, Lung, and Blood Institute (NHLBI) and the National
Center for Environmental Health (NCEH). The nceh partnership
includes a joint study to address how home and work
environments contribute to asthma onset, and an agreement to
investigate indoor air quality and asthma in schools.

12

Future Directions
The team recommends the following activities for
future nora research:
Evaluate the use of exhaled condensates for
identifying work-related asthma.
Investigate the occurrence and mechanisms
of irritant and non-allergenic work-related
asthma agents.
Improve the methods for identifying people
in early stages of rapid decline in pulmonary
function.
Conduct additional research on industries and
occupations recently identified to pose a risk for
copd.
Conduct intervention research for the prevention
of work-related asthma and copd.
Document how genetic factors modify the effect
of occupational exposures associated with
asthma and copd.
Support the cognitive review and field testing of
the Revised ats Respiratory Questionnaire.
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Occupational hearing loss is a pervasive problem, affecting
people who work in manufacturing, construction, transportation,
agriculture, services, and the military. Approximately 30 million
American workers are exposed to potentially hazardous noise
levels of 85 decibels or higher. At OSHA’s present noiseexposure limit of 90 decibels, one in four people will develop a
permanent hearing loss as a result of workplace exposures. In
addition, more than 9 million American workers are exposed to
solvents, metals, asphyxiates, and pesticides, which alone or in
combination can damage their hearing.
Hearing loss denies individuals sensory experiences that contribute
to the quality of life and impedes their ability to be gainfully
employed. The gradual progression of hearing loss due to noise may
be less dramatic than a work-related injury, but it is a significant and
permanent handicap. These tragedies are also 100% preventable.
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A Decade of Progress
The NORA Hearing Loss Team has worked to identify and
prioritize research needs to fill existing research gaps. The team
pursued collaborations with academia, various industries,
scientific organizations, and organized labor to increase
awareness about noise and hearing loss prevention. The team
sponsored two special sessions at the American Industrial
Hygiene Conference and Exposition and one at the National
Hearing Conservation Association (NHCA) in 2003. Separate
from the special sessions, the Hearing Loss Team also developed
a series of four Best Practices Workshops, each focused on an
industry sector or a particular problem related to the prevention
of occupational hearing loss.
The first workshop, held in 1999, focused on the Best Practices
in Hearing Loss Prevention in the Manufacturing Sector. It was
co-sponsored by NIOSH, NHCA, and Wayne State University.
A second workshop a year later focused on the construction
sector. Hosted by NIOSH, OSHA, and the Laborers’
International Health and Safety Fund of North America
(LHSFNA), the workshop prompted a renewed effort toward
noise control research in construction at NIOSH, including
development of a NIOSH Website describing the noise levels of
common construction tools and information on available control
technologies.
In 2002, the team partnered with NHCA to host a Best
Practices Workshop on Combined Effects of Chemicals and
Noise on Hearing. NIOSH published a report documenting the
consensus reached during the workshop, and an overview of the
current state of knowledge on the effects of industrial chemicals
on the auditory system was published in 2003. This workshop
had several important impacts. NIOSH funded a project,
“Preventing Hearing Loss from Chemical and Noise Exposures.”
The American College of Occupational and Environmental
Medicine referenced the conference report in its evidencebased statement on noise-induced hearing loss. The U.S. Army
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Center for Health Promotion and Preventive Medicine used
the information in its fact sheet titled Occupational Ototoxins
(Ear Poisons) and Hearing Loss. In February 2003, the
European Parliament published the Directive (2003/10/EC)
on minimum health and safety requirements regarding the
exposure of workers to the risks arising from noise. In Article 4
of Section II, Obligations of Employers, the Directive states that
when carrying out risk assessments, employers should “…give
particular attention to any effects on workers’ health and safety
resulting from interactions between noise and work-related
ototoxic substances…” Member European countries have until
2006 to start the implementation of this new directive.
Finally, the fourth workshop of this series discussed Impact-Type
Noise. Again co-sponsored by NHCA in 2003, it produced a
document detailing the workshop consensus and an overview
of the knowledge related to the effects of impact noise on the
auditory system. This paper was submitted for publication to
the Noise Control Engineering Journal, and NIOSH plans to
publish the proceedings of this workshop. After the workshop,
in October 2004, NIOSH started funding the project “New
Methods for the Evaluation of Impact Noise Exposure.”
Finally, NIOSH and the National Institute on Deafness and
Other Communication Disorders co-sponsored an RFA relevant
to the area of hearing loss prevention with particular focus on:
The biological effects and biological responses to
noise and other substances that damage hearing.
Areas of interest included the relationship of
first or second hand smoke to noise- induced
hearing loss; the relationship of noise induced
hearing loss to secondary risk factors such as
hypertension, head trauma, diabetes, blood lipids,
and clinical therapeutic drugs; the role of genetics
in determining individual susceptibility to noise
induced hearing loss; and the role of free radicals
and antioxidants in noise induced hearing loss.
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New noise control and personal protective
equipment technologies. These technologies
include active noise reduction control at the
source; incorporation of electroacoustic systems
in hearing protectors; and the development
of methods for determining the actual noise
reduction workers receive from hearing protectors.
Issues for hearing impaired workers. Of interest
were the susceptibility of people with pre existing
noise or age related hearing loss to additional
noise induced hearing loss; personal protective
equipment, such as hearing aids, for noise
reduction; rehabilitation for hearing impaired
workers who must continue to work in noise;
and defining of audiometric and performance
specifications for hearing critical jobs.
Effects of noise on speech communication.
Issues include accuracy of communication in
terms of expected outcomes or the need to
repeat messages; and the safety of workers who
must work and communicate in noise.
Health communications research. This area of
interest includes methods for delivering training
and motivation to noise exposed workers.
Surveillance and intervention research. Topics
include evaluation methods to study the
effectiveness of existing compliance driven
hearing conservation programs, as well as
development of longitudinal audiometric
databases for persons not exposed to noise or
other hazardous agents.
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Future Directions
The team recommends developing model curricula for
professional training programs in both audiology and industrial
hygiene. Neither of these professions has specific training
requirements for exposure assessment, application of controls,
or how to provide an effective hearing loss prevention program.
The curricula proposal should be presented to the AIHA, the
American Speech-Language-Hearing Association, and the
American Academy of Audiology. These associations accredit
training programs and certify their respective professional
members, yet none provides any guidance on course content for
training in hearing loss prevention.
The team’s sponsorship of lectures, sessions in conferences, and
Best Practices Workshops has proven highly successful. This
activity should continue, with emphasis on global outreach,
currency of the information, and co-sponsorship with scientific
and professional organizations. Future best practices and
state-of-the-art conferences addressing small business, as well
as new strategies for protecting miners from hearing loss, are
recommended.
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The last ten years have seen remarkable and unanticipated
developments related to infectious diseases. The emergence
of severe acute respiratory syndrome (SARS), avian influenza,
monkeypox, and West Nile Virus demonstrated how quickly
infectious diseases can become world-wide problems. The
anthrax attacks of 2001 demonstrated the safety and economic
threats posed by biological warfare agents. Postal workers and
other unexpected groups were suddenly appreciated to be at risk
for occupational infectious diseases.
When NORA began, health care workers were identified as
a key occupational group at risk for occupational infectious
diseases. These included bloodborne pathogens, such as
hepatitis B virus (HBV), hepatitis C virus (HCV), and human
immunodeficiency virus (HIV). Health care workers were also
vulnerable to airborne diseases such as M. tuberculosis (TB), a
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risk shared by social service workers and corrections personnel.
Another major concern was allergy to natural rubber latex
gloves, a frequently used form of personal protective equipment
against infectious diseases. More study was needed on the
implementation and effectiveness of both the OSHA standard
for bloodborne pathogens and the Centers for Disease Control
and Prevention (CDC) Guidelines for Preventing the Transmission
of Mycobacterium Tuberculosis in Health Care Facilities. Acute
respiratory illness and vaccine-preventable illnesses were also
identified as important issues for further study.
A Decade of Progress
NIOSH and its partners have achieved many successes in the area
of infectious diseases, particularly with bloodborne pathogens.
NIOSH produced or contributed to recommendations for the
use of sharps containers, an advisory on use of glass capillary
tubes, and an Alert on needlestick injuries, titled Preventing
Needlestick Injuries in Health Care Settings. In addition, NIOSH
helped develop the 2001 CDC HIV prevention strategic plan
and provided funding to the National Clinicians’ Post-Exposure
Prophylaxis Hotline (PEPline). This hotline provides free advice
to clinicians treating workers who have been exposed to blood and
other potentially infectious body fluids.
NIOSH also supported surveillance and epidemiology projects
such as the CDC National Surveillance System for Healthcare
Personnel (NaSH) and EPINet, a project developed by the
International Health Care Worker Safety Center at the University
of Virginia. These projects report how and why needlestick and
other sharps injuries occur. Data from these projects, as well
as NIOSH testimony, contributed to the Needlestick Safety
and Prevention Act of 2001 and the subsequent OSHA-revised
Bloodborne Pathogens Standard 1910.1030. This revised
standard requires employers to select safer medical devices such
as needle-less systems and sharps with injury protections and to
involve employees in the selection process. It also mandates the
use of newer, safer technologies as they become available.
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Improved needle devices were not the only safety advance to
occur during NORA. During the original NORA stakeholder
meetings, partners identified allergies caused by natural latex
rubber (NLR) gloves as an important problem. The use of NRL
gloves skyrocketed in the early 1990s as standard precautions
to prevent transmission of bloodborne pathogens were widely
adopted. This dramatic increase in the production and use of
NRL gloves was associated with an epidemic of NRL allergy in
health care workers. Health problems included asthma, rhinitis,
hives, and life-threatening allergic reactions. Use of cornstarch
powder in gloves played a major role in this problem, because it
carried the latex allergen in the air, exposing not only the users of
the gloves but also bystanders.
In 1997, NIOSH responded to the emerging crisis among
workers using NRL gloves with an Alert, titled Preventing
Allergic Reactions to Natural Rubber Latex in the Workplace. This
Alert strongly advocated for reducing exposures by using NRL
gloves only when needed and, if their use could not be avoided,
using non-powdered NRL gloves. The Alert also advised
workers with NRL allergies to use gloves made of materials other
than NRL and recommended that their co-workers avoid the
use of powdered gloves to prevent bystander exposure. Total
avoidance of NRL devices by both workers and co-workers was
recommended as a final measure. Although controversial at the
time, these recommendations were eventually widely accepted.
The use of powdered NRL gloves has decreased in part because
of the NIOSH Alert as more facilities adopt non-powdered NRL
or non-latex options. The problem of NRL allergy in health care
workers has decreased markedly and is considered a major public
health success story.
TB was another important problem addressed by NORA. The
emergence of HIV in the 1980s and 1990s was associated with
a resurgence of TB as a public health threat in the United States.
HIV-infected individuals were developing active, contagious
pulmonary TB, resulting in numerous outbreaks of TB in health
care settings. Outbreaks of multidrug-resistant TB were an
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especially important concern. In 1994, the CDC and a range of
partners including NIOSH responded to this emerging problem
by publishing the CDC Guidelines for Preventing the Transmission
of Mycobacterium Tuberculosis in Health-Care Facilities. The
guidelines were an aggressive collection of recommendations for
administrative and environmental controls, including the use of
respirators and medical screening. After NORA was established
in 1996, efforts focused on implementing the CDC Guidelines.
NIOSH contributed in the areas of environmental controls and
use of respirators. Implementation has been a great success. TB
outbreaks and rates of tuberculin skin test conversion among
health care workers have been markedly reduced.
Future Directions
Future research priorities must focus both on general issues
relevant to many infectious diseases and occupational groups
and on priorities specific to particular diseases and occupational
groups. Surveillance is an example of an important general
priority. There is little or no organized surveillance to determine
the workplace association of most infectious diseases, particularly
those with little individual morbidity or mortality such as scabies
or upper respiratory tract infections. Another surveillance
issue is to evaluate the performance and applications of new,
automated surveillance systems intended to identify outbreaks
due to emerging infectious diseases or bioterrorism.
Other important research priorities will be in the areas of
exposure reduction through environmental controls, personal
protective equipment, and decontamination. Optimal technology
and application of environmental controls such as ultraviolet
germicidal irradiation, personal protection with respirators, and
decontamination will be important areas of study. Other general
research priorities include global infectious diseases, prevention
effectiveness research, and needs of immune-compromised workers.
Many of the previous research priorities from the first decade
of NORA will continue to be relevant. Bloodborne pathogens
will remain a key research priority, not only for health care
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workers but also for diverse occupations including body piercers,
tattoo artists, waste haulers and handlers, waste water workers,
funeral service workers, and many others. The development and
assessment of new control technologies to reduce needlestick and
sharps injuries remain an important area. Should appropriate
vaccines for agents such as HIV and HCV become available,
rapid assessment of their effectiveness in the workplace will be
a very high priority. Another high priority is determining the
appropriate regimen and timing of anti-viral therapy for early
(acute) HCV infection after occupational exposures.
Other priorities include research demonstrating the effectiveness
of new in vitro tests for latent TB infection in the workplace
and research aimed to improve adherence to treatment for latent
TB infection. Additional issues specific to biowarfare agents
include testing new technologies for automated surveillance
and real-time exposure detection, as well as developing effective
emergency preparedness systems. Finally, upper respiratory tract
infections are the most frequent illnesses causing absenteeism
from work and have tremendous economic impact despite their
usually benign outcome. Developing effective prevention in this
area could have important economic and health benefits.
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Musculoskeletal disorders (MSDs) affect the muscles, nerves,
tendons, joints, cartilage, and spinal discs. They include
ailments such as low back pain, shoulder disorders, tendonitis,
and carpal tunnel syndrome. Excessive physical work demands,
such as extreme muscle force, repetition, awkward postures,
or fast movements, are known risk factors for these disorders.
MSDs, however, are extremely complex. Individual factors,
physical requirements, workplace organization, and psychosocial
factors have all been associated with increased risk. The scope
and toll of these disorders are enormous. In 2001, the Bureau of
Labor Statistics (BLS) estimated that there were 522,528 MSD
cases, with more than 43% of the cases involving more than 20
days away from work, a significant burden for both workers and
their employers.
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The primary focus of the team was to prevent work-related
MSDs by:
Evaluating the current status of scientific research
relating to the prevention of work-related MSDs;
Identifying gaps in the research base;
Prioritizing and highlighting future research
needs; and
Facilitating research through development of
partnerships with other government agencies and
groups.

A Decade of Progress
In 2001, the team published the National Occupational
Research Agenda for Musculoskeletal Disorders, a document based
on a series of regional focus groups with practitioners and
academicians who helped identify significant research gaps and
the following needs:
Improving communication between those who
conduct and those who apply research;
Improving access to industrial sites to conduct
research;
Incorporating greater management and labor
involvement in the research process; and
Improving the dissemination of research results.

Partnerships involving government agencies, university
researchers, private industry, and labor unions would be critical
to bridging communication gaps, developing efficient research
strategies, and improving the dissemination of information.
NIOSH recently partnered with the National Institute of
Arthritis and Musculoskeletal and Skin Disorders (NIAMS) to
publish a request for extramural grant applications specifically
directed at areas contained in the NORA research agenda. In
2003, the team partnered with Ohio State University to sponsor
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a national meeting, titled “State-of-the-Art Research Symposium
(STARS): Perspectives on Musculoskeletal Disorder Causation
and Control.” The STARS conference provided a forum for
experts from a diverse range of disciplines to present and
discuss state-of-the-art knowledge relative to MSD causation
and control. The range of topics included MSD epidemiology
and economics, loading biomechanics, traditional and nontraditional pain tolerance, individual and genetic factors,
psychosocial and organizational factors, and primary and
secondary interventions. In 2004, a special issue of the Journal
of Electromyography and Kinesiology published papers from many
of the presenters at the conference. More recently, in 2005, the
team partnered with the Washington State Department of Labor
and Industries and the Northwest Center for Occupational
Health and Safety to sponsor a national meeting, titled “The
Changing Nature of Musculoskeletal Disorder Risk: The Effect of
Obesity and Aging in the American Workplace.” This conference
focused on how work and individual factors interact to reduce
risk, accommodation in the workplace, and methods to transfer
research results into workplace practice. A series of research gaps
were identified and will be published in the near future.
Future Directions
In the past, heavy physical demands have been the hallmark
of work. Today’s workplaces, however, are rapidly changing.
Workers now move between work cells where they perform a
variety of tasks, rather than stand in a traditional assembly line.
The service sector is growing and often involves tasks conducted
in a variety of non-conventional environments. E-commerce has
sparked a vast increase in distribution center jobs. Computer
usage is dramatically increasing. Researchers must examine
risk factors and prevention strategies for these changing work
environments.
Much of our understanding of MSDs has been gained through
research of manufacturing workplaces and may not apply to
office environments. We need to better understand, for example,
the interaction between low-level static exertions and the mental
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demands experienced by computer users. Studies on cadavers
and recent studies on animals have improved our understanding
of how tissues respond to repetitive, forceful loading, but
future research must describe this tolerance in healthy as well
as compromised living human populations. Better surveillance
also is needed to appreciate the magnitude of risk associated with
shoulder loading in the workplace.
Interactions among risk factors will be an important research
topic. Although we are beginning to understand how major
risk factors affect human tissue, their interaction is virtually
unexplored. Improved preventive strategies will depend on
better understanding the links between biomechanical loading,
soft tissue tolerance, and psychosocial stressors. As people live
longer, and the average age of the U.S. workforce increases, the
impact of aging on work-related loading, tolerance, psychosocial
stress, and their interactions must be investigated. As the U.S.
population becomes heavier, additional load is placed on the
musculoskeletal system. The implications for workplace design
and wellness have not been sufficiently explored.
The role of workplace factors in the development of fibromyalgia
has been virtually unexplored, despite the fact that many
symptoms of work-related MSDs resemble myofascial pain.
Research efforts must focus on how low-level sustained or
repetitive exertions, prevalent in the workplace, may influence
muscle recruitment patterns, resulting in soft tissue disruption,
pain, and dysfunction.
Research involving the risk of secondary injury associated
with return-to-work is sparse. Integrating biomechanical
exposures, soft tissue pathomechanics, and psychosocial factors
into laboratory, epidemiological, and intervention studies is
needed. Such studies will help determine the risk of injury to an
individual who returns to work while recovering from an MSD.
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Finally, alternative research designs are needed to more precisely
assess the impact of interventions on the risk of workplace
musculoskeletal injury. Most research has focused on the causal
relationship between work and MSDs. Intervention effectiveness
research can be achieved through standardizing research metrics
and designs. Efforts must include randomized trials, wherever
possible, and a quasi-experimental study design with control
groups, at a minimum.
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The initial challenge to this research is to effectively study
the many toxicants, physical agents, and biomechanical and
psychosocial stressors that may constitute reproductive hazards
in the workplace. Although the main objective of researchers
and clinicians is prevention of recognized adverse reproductive
outcomes, there is growing need to examine chronic health
outcomes potentially affected by reproductive toxicants.
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A Decade of Progress
Over the past decade, the NORA Reproductive Health
Research Team has focused on improving coordination and
feedback among disciplines and federal agencies, including
members engaged in laboratory research, epidemiology, risk
communication, and public health. The team’s achievements
have focused on prioritizing reproductive toxicants for further
research, promoting the study of these toxicants, and promoting
occupational exposure assessment in surveillance studies. The
team established a National Occupational Reproductive Health
Research Agenda to recommend future research directions to
reduce the incidence of adverse reproductive health outcomes.
This work can be accomplished with an interdisciplinary research
program that identifies reproductive hazards, their toxic effect
on the body, and target populations. Elements of this agenda
include:
New technologies and methodologies will help
researchers do the following:
Understand toxicant mechanisms.
Identify populations at risk.
Evaluate reproductive/developmental hazards.
Prioritize research needs:
Prioritize toxicology studies based on chemical
structure and volume of use.
Prioritize field studies based on toxicological
studies and human exposure information.
Increase surveillance activities:
Evaluate occupational exposure data from
existing surveillance systems.
Expand birth defects surveillance systems.
Add reproductive biomarkers and semen
characteristics to national surveys.
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Assess gene-environment interactions and
toxicant mixtures in new studies, where
appropriate.
Communicate non-technical research results to
policy makers and the affected public.
Improve communication among researchers to
bridge interdisciplinary gaps.

Approximately 84,000 chemical compounds are in the
workplace, with 2,000 new chemicals introduced each year.
Only about 4,000 of these chemicals have been evaluated
for reproductive toxicity. A NORA-sponsored expert panel
prioritized chemical reproductive toxicants identified by the
National Toxicology Program (NTP) to encourage health studies
of high-priority toxicants. Many more chemicals remain to
be studied, and future priorities are likely to be affected by
improved exposure information coming from the biomonitoring
efforts of the CDC.
Priority toxicants have been the focus of new studies initiated
both inside and outside of NIOSH. Federal spending for
occupational reproductive health research increased. Team
members have authored several grant announcements with other
federal agencies for human occupational reproductive studies,
with several grants awarded under each announcement and
are the basis of additional grant announcements. NIOSH is
studying several prioritized toxicants with field studies, exposure
assessment, and laboratory biomonitoring.
To promote the study of high-priority reproductive toxicants,
the team has established a partnership with the NTP Center for
the Evaluation of Risks to Human Reproduction (CERHR). The
Center provides scientifically based, uniform assessments of the
potential for adverse effects on reproduction and development
caused by agents to which humans may be exposed, which are
summarized in terms that can be understood by those who are
not scientifically trained.
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In the 1990s, new scientific evidence documented widespread
contamination of oncology clinics and pharmacies with anticancer hazardous drugs. Although safe-handling guidelines were
published, research showed that there was poor adherence to
recommended standards of safe professional practice. In light
of the severity of the hazard, the potentially high number of
workers affected, and the availability of interventions with high
likelihood of success, the NORA Reproductive Health Research
and Control Technologies Teams formed a multidisciplinary
Hazardous Drug Safety Working Group.
The contribution of parental occupational exposures to birth
defects has not been adequately studied, even though thousands
of chemicals are used in the workplace by individuals of
reproductive age. The CDC National Center on Birth Defects
and Developmental Disabilities (NCBDDD) established
Centers for Birth Defects Research and Prevention in several
states to participate in the National Birth Defects Prevention
Study (NBDPS), the largest case-control study of birth defects
ever undertaken. NIOSH scientists are collaborating with the
NCBDDD and the National Cancer Institute (NCI) to conduct
an occupational exposure assessment using parental occupational
information collected as part of the NBDPS.
Effectively studying the many exposures that are possible
reproductive hazards in the workplace is challenging. The team
has worked to improve occupational reproductive research by
prioritizing reproductive toxicants for further study; promoting
analysis of occupational exposure assessment in reproductive
health surveillance; facilitating collaboration with biologists and
toxicologists; promoting quality exposure assessment in field
studies; and encouraging the design and conduct of priority
occupational reproductive studies.
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Future Directions
While continuing to expand and focus occupational
reproductive health research, improving communication
across disciplines, and facilitating joint efforts among different
agencies, the team will base new activities on a broadening in
research focus and new ways of thinking about exposures and
reproductive outcomes.
Rethinking outcomes and exposures. The
changing nature of work and the work
environment as well as emerging technologies in
reproductive biology and exposure assessment
are leading researchers to rethink approaches
to studying “known” exposures and traditional
reproductive health outcomes.
Mechanistic research and tools for basic science.
In order to make faster progress in analyzing
the backlog of untested chemicals, a system
for prioritizing them for the definitive testing
that is done in laboratory rodent models is
needed. There are a number of possible ways
to screen chemicals that mimic one or more
critical biological events that occur in humans
and animals as part of the reproductive process.
Continuing advances in our understanding of
the underlying molecular control are making it
possible to design structure-activity relationship
programs and high-throughput screens that may
be useful for prioritizing compounds based on
presumed mechanisms of action and potency.
Communication. The team is collaborating
with the Hazardous Drug Safety Working
Group to update written instructions and label
warnings for certain hazardous drugs. The
NIOSH Reproductive Health Research Team is
also interested in finding ways to improve the
quality of Material Safety Data Sheets (MSDSs),
with special interest in improving the quality
of reproductive health information. The team
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conducted a session on MSDS Communication at
the 2005 Society of Toxicology Meeting to help
improve reproductive hazard communication.
Research to Practice (r2p) in Occupational
Reproductive Health Research. Much of
occupational reproductive research is etiologic,
and this research has traditionally affected
workers through the application of those findings
to the regulatory process, which can be an
extended process. However, a vibrant example
of r2p implementation is the NIOSH Alert titled
Safe Handling of Hazardous Drugs in Healthcare,
which NORA’s Hazardous Drug Safety Working
Group sponsored. The Alert describes the
unsafe handling of hazardous drugs in health
care settings, an instance in which exposure
opportunity is unregulated and the hazard is
high.
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As the NORA Traumatic Injury Team explained in 1998, “Injury
exacts a huge toll in U.S. workplaces—on an average day, 16
workers are killed and over 17,000 workers are injured. The
associated economic costs are high—about $121 billion per year.”
There has been progress in injury reduction as evidenced by
the decades-long downward trend in the overall occurrence of
traumatic occupational injuries and deaths in the U.S., despite
the growth of the working population. Recent BLS statistics
documented 5,559 deaths in 2003, yielding a fatality rate of 4
deaths per 100,000 workers. The BLS also reports non-fatal
occupational injuries declined from 6.8 million in 1994 to 4.4
million in 2003. The toll of the injuries and deaths, however,
continues to be unacceptably high, placing an enormous burden on
workers, their families, employers, and the U.S. economy.
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A Decade of Progress
The NORA Traumatic Injury Team has worked to ease this
burden by increasing research funding and by guiding the safety
and health community to focus on data-driven prevention
priorities. The team’s most notable achievement occurred in
1998 with the publication of Traumatic Occupational Injury
Research Needs and Priorities: A Report by the NORA Traumatic
Injury Team. This NIOSH document emphasizes using the
public health model for planning and prioritizing occupational
injury research and prevention efforts. It also promotes forming
new collaborations and partnerships to develop specific strategies
that actually prevent these injuries and deaths.
Achieving this goal will require new interventions that are both
effective and appropriate for the workplace. Advances have been
made including the development of passive controls; the use of
models and simulations in research; and the use of biomechanics
and anthropometry to study injury risks and identify prevention
options.
The transfer and translation of new knowledge and technologies
are critical, and the rise of the Internet has offered this possibility
by greatly increasing the flow of information. Challenges remain,
however, in the areas of information management, organization,
accessibility, and interface design. Addressing these areas will
be crucial for tailoring relevant and timely risk information for
specific audiences.
The past nine years have seen tremendous growth in federal
funding for traumatic injury research and an increased
professional dialogue. In their 1998 report, the team offered
academic institutions and research foundations an outline of
research gaps and needs. NORA funds have also supported
conferences and workshops addressing topics such as truck driver
safety and occupational violence, sparking innovative programs
and partnerships. In 2002, Congress allocated funds to NIOSH
to fund an initiative on occupational violence, and in 2004,
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NIOSH sponsored a conference, titled “Partnering in Workplace
Violence Prevention: Translating Research to Practice,” to
stimulate strategic research and interventions.
The team also helped to form a number of other partnerships,
including working with BJC HealthCare Systems, Inc, to
evaluate a back injury prevention program. Members of
the NORA Traumatic Injury Team assisted in planning the
first three National Occupational Injury Research Symposia
(NOIRS), which were conducted in 1997, 2000, and 2003.
The team organized and sponsored a special symposium at the
National Safety Council Congress in 2001, titled “Making
Science Work for You: A Symposium for Safety Professionals,”
and explored the use of company-level surveillance approaches.
The gains in knowledge about occupational injury risks and
prevention have undoubtedly increased the growth of evidencebased prevention, although the full impact of NORA is
difficult to gauge at this point. In the meantime, additional
methods of evaluation are needed. One method is to examine
changes in the number of injury research papers published
in the open literature. The team is exploring other potential
measures, such as the number of occupational injury research
and prevention academic programs as well as the number of
presentations, posters, sessions, and/or tracks at major health
and safety conferences. The NORA Traumatic Injury Team also
is gathering information about research and prevention efforts
that have produced advances in addressing the recommendations
from the 1998 NORA report.
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Future Directions
While progress has been encouraging, gaps still remain.
Improvements are needed in the completeness, consistency,
and accuracy of company-level surveillance systems, which are
vital to developing more data-driven prevention efforts. Finally,
surveillance of system failures or property damage events also
may identify potential injury risks and prevention opportunities.
Research efforts also must expand with multi-discipline and
multi-sector collaborations needed to advance the science of
injury prevention, with additional work to assess the value of
prevention strategies. The new models, tools, and guidelines
needed for safety practitioners in the field will require better
dissemination, communication, marketing, and technology
transfer. In addition, this research should continue to be datadriven, and new methods of data collection, analysis, and
information dissemination need to be developed.
The second decade of NORA, however, will require new areas of
emphasis, including:
Increasing the implementation and evaluation
of traumatic occupational injury prevention
programs. Evaluation should consider the full
impact on the injury experience including its
impact on other workplace measures (such as
productivity and product quality) and the cost
of injury to the worker, his family, and employer.
These many facets of injury should then be
compared to the cost and effectiveness of
prevention efforts.
Focusing on research to practice, or the
application of research findings to workplace
prevention efforts. Continued progress in
reducing workplace-related injuries and deaths
will require sharing of knowledge, methods,
technologies, products, and practices for a wide
range of audiences.
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Focusing on some high-risk work activities that
have not received adequate attention, such as
occupational motor-vehicle, machinery, and
workplace violence injuries and deaths.
Increasing integration and collaboration to create
a multi-sector and multi-disciplined research
effort.
Increasing communication between disciplines
engaged in traumatic occupational injury research
and prevention.
Developing more practical tools for companies
to assess and address injuries following a “datadriven” model.
Increasing the marketing of NORA, traumatic
injury research, and the public health approach in
general.
Increasing the visibility of health and safety
sciences as useful approaches to occupational
injury research and prevention.
Expanding existing methods and developing
new efforts to evaluate the impact of NORAsponsored traumatic injury research.
Continuing to improve surveillance and reporting
methods, especially for non-fatal events.
Exploring opportunities to include injury
prevention concepts into the educational
curricula at the earliest possible levels, including
elementary school and pre-school programs.
Increasing inclusive research sensitive to worker
demographics.
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Today, almost everyone owns a cellular telephone. Cellular phones
were “a science-based technology that created a new industry or
radically transformed an existing one.” This is the definition of an
“emerging technology.” The societal and industrial consequences
of such technologies are often positive. However, since their
development outpaces the understanding of their implications,
they may pose new, unanticipated hazards. The cellular phone was
implicated as a causative agent in human brain cancers. As a result,
millions of research dollars were expended pursuing an answer.
While debate ensued, research was conducted, but individuals
continued to be exposed. Should exposure to cellular phones prove
to be linked to human brain cancer, costs will be incalculable.
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Formed in 1996, the NORA Emerging Technologies Team knew
that a situation similar to the cellular phone story could unfold in
occupational safety and health. Charged with protecting workers,
the team faced the conundrum of designing prevention strategies for
something that has not yet happened, is unanticipated, and absent of
noticeable consequences. The team recognized that a new paradigm
that moved from controlling identified hazards to anticipating,
eliminating, or controlling the hazard before causing harm was
imperative. Surveillance was absolutely essential in moving from a
passive to an anticipatory mode. Predictive capacities for evaluating
hazards would be responsive to rapid transformations occurring
during the design of new technologies. The new paradigm would
overcome the litigious and time-consuming delays in current risk
assessments, and would recognize both the benefits and negative
effects of emerging technologies. Finally, a proactive design for
emerging technologies must consider how to eliminate hazards rather
than just control them.
A Decade of Progress
During the decade, the team refined its mission to (1) anticipate the
potential occupational risks of new workplace processes, equipment,
materials, and work practices; (2) assess the benefits of new
technologies that can improve occupational safety and health; and
(3) identify the needed industrial changes that have inputs, processes,
and products that would be inherently safer for workers without
compromising or transferring problems to the environment.
The team focused on anticipating hazards. Recognizing that there
were no methods to anticipate, mitigate, or eliminate the potential
hazards of emerging technologies, they created a research agenda
and published it in a report, entitled Emerging Technologies and the
Safety and Health of Working People. Centered on four knowledge
gaps, the agenda presented for the first time an operational
paradigm for occupational safety and health concerns related to
emerging technologies. The gaps include: (1) Identification and
Surveillance of Emerging Technologies, (2) Anticipating the Impact
of Emerging Technologies, (3) Achieving Inherently Safer Design,
and (4) Applying Spiral Development.
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The team has been actively involved with many workshops.
In 2000, they co-sponsored a workshop on the application of
emerging technologies to ergonomics in conjunction with an
American Society of Mechanical Engineers meeting. In 2001,
the team co-sponsored the National Aeronautics and Space
Administration (NASA) conference “Human Systems 2001:
Exploring the Human Frontier.” In 2004, they co-sponsored
an international symposium regarding nanotechnology, and in
2005, NIOSH sponsored a conference, “Nanotechnology and
the Safety and Health of Working People,” at the University of
Minnesota.
Future Directions
While progress has been steady, concerns remain. The four gaps
provide a framework for future directions.
The first gap is to identify and prioritize which technologies require
research. An academic team is evaluating the emerging technology
literature. Methods for establishing minimum data requirements are
necessary for effective early screening. Increased communication
between occupational safety and health professionals and those
developing new technologies is critical. Conferences, training,
forums, and awareness building will aid in integrating diverse
perspectives and in developing safer technologies.
Once a promising technology has been identified, a prospective
analysis addresses the second gap by determining whether the
new technology is safer and provides greater benefit than
currently employed technologies. Prospective analysis also
requires improvement, but when employed at each stage in the
development of a technology, it successfully identifies research gaps
so that critical needs can be addressed. Researchers require methods
to test technologies at developmental stages for potential hazards,
possibly resulting in redesign. Evaluation criteria and new analysis
methods that include not only the hazards, but also the benefits of
emerging technology, need to be developed. To illustrate the first
two gaps, the team has identified nanotechnology as an emerging
technology and a prospective analysis is currently in progress.
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The third gap involves developing safer designs to identify
alternatives to riskier technologies and to reduce or eliminate
occupational safety and health problems. The chemical process
industry has developed design principles for inherently safer
technologies that can be explored in NORA sectors. Inherently
safer designs need to inform applied science and engineering to
help develop cleaner industrial processes. Research must consider
worker safety and health when developing new technologies
primarily designed to improve the environment. Achieving
inherently safer designs requires new methods to compare
alternative designs and to derive a better understanding of their
receptivity in the workplace. Research is needed to recognize
and overcome barriers in improving workplace conditions, while
maintaining high-quality and innovative products and services.
The last gap focuses on creating an integrated process for adopting
beneficial emerging technologies and avoiding safety and health
problems. Such a process would integrate identification, analysis,
and design methods to reduce or eliminate risks while maximizing
the benefits of new technologies. A prevention approach
necessitates the development of specific innovative technologies
to control or eliminate perennial occupational illnesses or injuries.
There is a need to investigate opportunities for using information
technology or electronics and communications to monitor and
inspect workplace programs. Research is necessary to expand the
precautionary principle to U.S. workplaces.
The team recognized that partnerships are critical for identifying
research associated with rapidly changing technologies. Research
linking emerging technologies and occupational safety and
health should be extended into specific occupations such as the
construction, agricultural, mining, and service industries, as well
as energy conservation, production, and storage.
Opportunities for collaborative research exist in several areas.
Technologies developed to provide security have applications
to protecting workers involved in homeland security. Scientific
initiatives are opportunities for collaboration. Nanotechnology is an
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initiative authorized by the federal government and being developed
in the private sector. National Science Foundation programs also
offer opportunities for collaboration, particularly for partnerships
between academia and the private sector. Environmental initiatives
offer the opportunity for extending environmental concerns to
include indoor and outdoor work environments.
As NORA embarks on its second decade, new areas requiring
emphasis include:
Increasing the implementation and evaluation
of emerging technology programs in diverse
occupational settings;
Focusing on research to practice (r2p), or the
translation and transfer of research to the
workplace;
Focusing on some high-risk work activities that
have not received adequate attention;
Increasing integration and collaboration;
Increasing communication and collaboration
among disciplines;
Developing more practical tools for companies to
assess and address emerging technology issues;
Increasing the communication and marketing of
emerging technology research;
Increasing the visibility of the safety sciences
as useful approaches to emerging technology
research;
Expanding existing methods and developing
new efforts to evaluate the impact of NORAsponsored emerging technology research;
Continuing to improve surveillance and reporting
methods, especially for non-fatal events; and
Exploring opportunities to incorporate emerging
technology concepts into educational curricula at
the earliest possible levels.
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Almost 70% of U.S. workers are employed in non-industrial,
non-agricultural indoor settings, referred to here as indoor work
environments. Scientific studies have associated some indoor
environmental conditions with increased risks of non-specific
symptoms, respiratory disease, and impaired performance. The
potential health and economic benefits of improving indoor
work environments were largely unrecognized in the U.S. in
the mid-1990s and remain so today. When the NORA Indoor
Environment Team commenced in 1996, a national research
effort was needed to establish strategic priorities to identify and
implement health-protective features and practices in buildings.
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A Decade of Progress
The team published a white paper in the American Journal of Public
Health in 2002. The white paper provided comprehensive estimates,
based on previously published data, regarding the magnitude of
health effects related to poor indoor air quality. The team estimated
that modest improvements in indoor environments could prevent
respiratory infections or exacerbations of asthma or allergies among
6 to 10 million workers annually. Improvements could also reduce
frequently experienced building-related symptoms experienced by
8 to 30 million workers. The potential economic benefits from
reducing these adverse health outcomes are estimated at billions of
dollars for workers and employers annually.
The white paper also identified three interrelated categories of highpriority research needs. More research was needed to understand
both the causes and prevention of building-related health effects.
Conducting this research would require advances in the science and
technology of indoor environments. Strategies to reduce barriers
and increase incentives for health-protective building practices
needed to be identified and evaluated. These recommendations were
widely circulated. Reprints of the team’s white paper were mailed to
3,000 national and international stakeholders in the fields of indoor
environmental science and public health.
Presentations based on the research priorities outlined in the
team’s white paper also were made at a number of high-profile
meetings. These meetings include the “132nd Annual Meeting
of the American Public Health Association” in 2004; the Society
for Occupational and Environmental Health’s meeting on “MoldRelated Health Effects” in 2004; and the 2005 “Surgeon General’s
Workshop on Healthy Indoor Environment.” In addition, the team
conceived and sponsored, with additional support from the Harvard
School of Public Health, a unique 2004 workshop, titled “Indoor
Chemistry and Health,” at the University of California, Santa
Cruz, campus. This workshop assembled researchers for the first
time to discuss “indoor chemistry.” It generated hypotheses to test
potential connections between indoor chemistry and human health
and promoted interdisciplinary and international collaborations.
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Approximately 70 participants from 8 countries met to discuss
adverse health effects that might result from exposure to the
products of reactions among indoor pollutants. Scientists from
multiple disciplines including chemistry, toxicology, medicine,
epidemiology, and public health addressed this complex subject.
The team also formed a number of partnerships, including the
following successful collaborations:
Team members contributed to a National
Academy Press report on the Federal Facilities
Council (FFC) workshop “Implementing Health
Protective Features and Practices in Buildings.”
This workshop was based on one of the team
white papers.
An ongoing partnership with the National Center
for Environmental Health (NCEH) resulted in
several joint activities, such as NCEH purchase
of state-of-the-art portable spirometers for the
NORA-funded project “Work-Related Asthma in
School and Office Buildings.”
In 2004, NCEH funded contracts for an
international expert in indoor environmental
studies of respiratory health and an expert in the
clinical evaluation of upper respiratory disease
to build capacity in NIOSH and NCEH staff.
Discussions between NCEH and NIOSH yielded
an agreement to collaborate to study indoor air
quality and asthma in schools. The anticipated
impact of such work will be guidance to state
departments of education and school districts
to determine the best use of their resources to
provide healthful school environments.
Finally, partnerships between the NORA Indoor
Environment Team and a number of agencies
including the Public Health Service, NCEH/
Agency for Toxic Substances and Disease
Registry (ATSDR), NIH, EPA, and NASA, led
to the highly successful “Surgeon General’s
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Workshop on Healthy Indoor Environment,” held
in January 2005. This national partnership mirrors
a larger global effort. In 2002, two members of
the NORA Indoor Environment Team were invited
to serve on a World Health Organization (WHO)
expert panel addressing guidance for biological
exposures in indoor environments.

While NORA has increased dialogue about indoor air research,
it also has generated substantial original investigations. In
2000, NIOSH initiated the Research on Occupational Asthma
Reduction (ROAR) program, which was made possible by
NORA funding. The NORA ROAR project “Work-Related
Asthma in School and Office Buildings” has documented in
the peer-reviewed literature excess physician-diagnosed asthma,
decreases in quality of life outcomes, increased use of sick leave,
and validation of symptom reports by objective medical tests
in occupants of a large water-damaged office building. Staff on
this NORA-funded project have developed a visual assessment
tool for documenting water damage and mold in buildings.
Ratings assigned by the tool have been shown to have a positive
association with questionnaire data for occupant health effects.
Measured exposures from field studies in offices and schools are
providing strong evidence for using dust as a historical marker
of building contamination. Several microbial components of
dust have shown positive associations with occupant health
effects. Anticipated impact from this project includes the
development of simple, practical tools for the assessment of
damp environments by facility managers to guide priority setting
for building remediation.
The team’s research agenda and increased NIOSH extramural
funding have stimulated an increase in the number and rigor
of indoor environment-related research proposals in the United
States. NIOSH funded seven extramural projects between 1998
and 2003. The studies have examined diverse issues, ranging
from ventilation to the health and socioeconomic consequences
of non-specific building-related illness.
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Future Directions
The team’s work during the first decade of NORA has helped
focus the attention of stakeholders and decision makers on
health issues relating to indoor environments. Important
next steps are to leverage existing resources for research
through partnerships among government agencies and other
organizations that share interests in public health, work
environments, energy use, and business productivity. These
groups must then expand resources available for research
by developing common interests among organizations that
share goals of improving the nation’s health, productivity, and
economic competitiveness.
The priority research aims as outlined in the team white paper
remain pertinent to lead the way into the next decade of NORA.
Specific goals for the future should include:
Improved assessment of the economic
consequences of unhealthful indoor
environments;
Attention to reducing building-related respiratory
infections;
Improved methods for measuring exposures;
Development of biomarkers indicating exposure
and health effects;
Attention to mixed exposures (both biological
and chemical) in the indoor environment in
relation to adverse health effects; and
Improved understanding of the effectiveness of
indoor environment interventions in reducing
exposures and alleviating associated health
effects.
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Workers are exposed to a wide variety of chemical, biological, and
physical stressors. The interactions from these mixed exposures
can increase the severity of their harmful effects. Exposure to both
noise and the solvent toluene, for example, results in a higher risk of
individual hearing loss than exposure to either stressor alone. Mixed
exposures occur every day at the worksite and in the home, making
them a multifaceted problem with a potentially enormous reach.
Support for this assertion is found in surveys such as the National
Occupational Exposure Survey and the National Occupational
Health Survey of Mining. These data indicate mixed exposures
affect a large number of workers in a wide range of occupational
settings, often with serious health outcomes. For example:
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More than 10 million workers are exposed to
mixtures of fuels and combustion products that
may cause cancer, chronic obstructive pulmonary
disease, pulmonary function changes, chemical
pneumonia, central nervous system effects, liver
or kidney damage, and irritation of eyes, skin, or
mucous membranes.
Approximately 4.7 million workers are exposed to
combinations of chemicals and noise, which may
lead to hearing loss.
More than 750,000 workers are exposed to mixtures
of metal fumes and welding fumes, which can cause
cancer, respiratory disease, metal fume fever, eye
damage, and neurological impairment.

These statistics illustrate that the traditional one-chemical-at-atime approach to occupational health is often not adequate. Risk
assessments based on substance-by-substance or hazard-by-hazard
approaches cannot evaluate additive or synergistic effects. The
need to develop more advanced methods prompted stakeholders to
designate mixed exposures as a NORA priority area.
A Decade of Progress
Once a neglected research area, the study of mixed exposures has
transformed from simple descriptive studies of binary mixtures to
sophisticated investigations using new biological and computational
technologies. The complete elucidation of the human genome,
the related developments in genomics and proteomics, and the
exponential growth of computational technologies now enable
researchers to deal with the effects of mixed exposures on complex
biological systems.
Developing a research agenda in response to these rapid
advancements has been a major accomplishment of the NORA
Mixed Exposures Team. The Mixed Exposures Research Agenda,
published in 2004, articulates many of the issues involved with
mixed exposures, recommends research strategies, and defines
priorities that could lead to improved interventions for protecting
workers.
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Based on the reality of limited resources, the team identified
several high priority research areas, including:
Developing and implementing new surveillance
methods to identify the number of exposed
workers, the range of exposure concentrations,
and their related health effects.
Promoting collaboration between occupational
health professionals and workers to rank and
characterize mixed exposures. Such a strategy will
also facilitate the dissemination of research findings.
Conducting research to better understand how
mixed exposures affect the body.
Developing methods to understand and integrate
experimental data from the molecular level and
to extrapolate these data to whole body systems.
Developing methods that can be used to
measure and predict deviations.
Developing and validating exposure-response
models.
Developing the concept of a virtual human
through physiologically based pharmacokinetic
simulation.
Developing parameters for mechanistically based
risk estimation and extrapolation models.
Developing biosensors or measurement
technologies that indicate whole mixture toxicity.
Identifying, validating, and characterizing the
health outcome for exposure and response
biomarkers.
Determining the effects of mixtures on
engineering controls and personal protective
equipment.
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Future Directions
Addressing the Mixed Exposures Research Agenda will require
new strategies to engage researchers, workers, and employers.
Understanding the health effects of real-world mixed exposures
will be mind-boggling unless systems are in place for clarifying
research priorities within major occupational groups. Such a
system should rank mixed exposures according to knowledge
about their health effects and the likelihood of their occurrence.
This structure will help create manageable priorities for research
and worksite interventions and will necessitate collaboration
between professional researchers, employers, workers, and the
organizations that represent and train them.
A sector-specific approach will include traditional public health
responses to study the multitude of potential outcomes resulting
from mixed exposures. For example, mixed exposures may
produce acute effects, chronic effects, or a combination of the
two. These effects may be latent or active. Mixtures also may
increase negative health effects, create unexpected health effects,
or interact in the environment to generate new exposure risks.
Surveillance, interventions and controls, and evaluation research
are needed to identify and manage these risks.
The construction and mining industries illustrate the value of a
sector-based public health approach. In construction, both old
and new exposures may endanger a wide range of trades and
occupations. Pipe fitters, for example, may be exposed to fumes
from modern high-nickel alloy welding rods and to asbestos
applied to pipes over a generation ago. Miners may be exposed
to combinations of particulate matter released from diesel
engines, irritant gases such as nitrogen dioxide, and asphyxiates
like carbon monoxide. Every industry has unique combinations
of stressors that can cause current or future occupational diseases.
A sector-based public health approach will enable researchers to
identify, study, and ultimately control the most urgent safety and
health risks for specific industries.
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Other research needs, however, will affect multiple sectors.
Nanotechnology, for example, is an emerging and enabling
technology that promises unprecedented advances in many
diverse fields. This technology also has the potential to create
new mixtures of chemicals, chemical forms, particle sizes, and
routes of exposure. The potential for mixed exposures should
be considered when evaluating practical approaches, such as
control banding, for the safe manufacturing and handling of
nanomaterials. This caution is especially important where
insufficient information is available to apply traditional
exposure-limit control strategies.
In addition, non-work-related exposures affect all sectors to
various degrees. The use of alcohol, tobacco, insect repellents,
cosmetics, or other chemicals may have significant interactions
with workplace exposures. Individual susceptibility also adds
to the complexity of exposures and their resulting biological
responses. New approaches are needed to identify additive,
synergistic, antagonistic, or potentiation effects from multiple
exposures.
The NORA Mixed Exposures Research Agenda describes a variety
of evaluation tools that can be used to assess the risk posed
by mixed exposures in real-world settings. One approach is
based on observed health effects and observed exposure risks.
This approach ensures that protective technologies are not
compromised by multiple simultaneous exposures, as in the case
of an interfering agent reducing the service life of a respirator
cartridge. Other evaluation tools and approaches will require
additional research, such as the development of better tools for
toxicity analysis, exposure-response modeling, and physiologically
based modeling. Better guidelines are needed to assist
occupational hygienists and other safety and health professionals.
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The organization of work refers to how jobs are designed and
performed, to organizational practices that influence job design,
and to broader economic, public policy, and other forces that
encourage or enable new organizational practices. In the last
two decades, U.S. companies have restructured and downsized
their workforces in response to economic pressures. Many have
increased their reliance on non-traditional employment practices
and have adopted more flexible and lean production technologies.
Concern exists that these trends may adversely affect job design,
threatening worker safety and health.
In 1997, a diverse team of researchers and practitioners formed the
NORA Organization of Work Team to review current knowledge,
potential safety and health consequences, and possible prevention
measures. The result was a comprehensive research agenda.
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A Decade of Progress
A review of the literature and input from stakeholders suggested
numerous risks associated with changing organizational practices.
Four priority areas of research and development were identified:
Surveillance. Implement new and improved data
collection efforts to better understand how the
organization of work is changing, and how these
changes may be affecting workplace exposures to
risk factors for stress, illness, and injury.
Etiologic research. Examine the health and safety
effects of prominent trends in the organization of
work that have arisen in recent years.
Prevention research. Conduct intervention research
investigating organizational practices and policies
that may protect worker safety and health.
Capacity building. Foster a stronger public health
commitment, including steps to formalize and
nurture organization of work as a distinctive field
in occupational safety and health, development of
training for research and practice in this field, and
improved research-funding opportunities.

In 2003, subteams were organized to study (1) trends toward
increasing work hours and implications for worker safety
and health, and (2) disproportionate effects of the changing
organizational practices on working women. Several intermediate
outcomes are included among the products listed below.
The team undertook numerous initiatives to address needs for
research and development to better understand and prevent
hazards from the changing organization of work. Outputs include
numerous publications and conferences that increased attention to
this field and highlighted new research and knowledge.
Additionally, a leading peer review journal has committed to the
2005 publication of the organization of work subteam research
agenda on long working hours together with other papers on
this topic. Similarly, the publications arm of a major professional
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association has committed to the 2006 publication of an edited
volume on organization of work and women’s health that
features the subteam research agenda on this topic.
The team also co-sponsored several public health conferences on
organization of work:
“Work, Stress, and Health: New Challenges in a
Changing Workplace” (2003). With the American
Psychological Association (APA).
“Long Working Hours, Safety, and Health: Toward
a National Research Agenda” (2004). With the
University of Maryland and the Department of
Justice.
“The Way We Work and Its Impact on Our
Health” (2004). With the University of California
Centers for Occupational and Environmental
Health in Northern California (University
of California, Berkeley [UCB], University of
California, San Francisco [UCSF], and University
of California, Davis [UCD]) and in Southern
California (University of California, Los Angeles
[UCLA], and University of California, Irvine [UCI]).
“4th International Conference on Work
Environment and Cardiovascular Diseases”
(2005). With UCI and UCLA. the Mt. Sinai School
of Medicine, the Japan Association of Job Stress
Research, and APA.
“Work, Stress, and Health: Making a Difference in
the Workplace” (2006). With APA, the National
Institute of Justice, the Department of Labor,
and the National Institute on Disability and
Rehabilitation Research.

Efforts under NORA have led to substantial progress to better
understand and prevent safety and health risks associated with
the changing organization of work.
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Progress on the research agenda:
Improved surveillance. A 2002 follow-up to the
1969 to 1977 “quality of employment” worker
surveys was conducted by the National Opinion
Research Center (NORC) to review how job
demands have changed. In 2003, NORC also
administered a revised version of the 1991 and
1996/1997 National Organizations Survey of
establishments to better understand trends in
changing organizational practices. Finally, an
organization of work module is being designed
for the new National Exposures at Work Survey
under development at NIOSH.
Increased support for research. The number
of NIOSH intramural projects classified as
organization of work research has increased since
1996. Studies in the occupational safety and
health literature that address organization of work
issues are increasingly prevalent.
Research capacity building. In 1996, NIOSH
entered into a cooperative agreement with APA
to foster graduate training in health, safety,
and the organization of work. By 2002, start-up
funding had been provided to 11 universities
for graduate programs that blended training in
psychology and occupational safety and health.
Fifty-three students completed this course of
study within the time frame of the cooperative
agreement (1996 to 2002). By 2004, two
universities had successfully competed for NIOSH
training grants for sustained graduate training
programs with this interdisciplinary focus.

Additionally, in 1999, the NIOSH Applied Psychology
and Ergonomics Branch was reorganized and renamed the
Organizational Science and Human Factors Branch to provide
increased visibility and support for organization of work research
within NIOSH.
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Future Directions
Despite gains, safety and health knowledge is lagging, and
challenges remain. But perhaps a more fundamental concern is
that organization of work is not yet an established field of study.
Numerous disciplines have contributed research, but there is
little interface and important differences exist among them.
Stronger alliances and collaborations are needed. These
relationships could lead to greater visibility, provide a foundation
for the multidisciplinary training needed for research in this
field, and provide a framework for systematic progression
of research—all of which may, in turn, improve funding
opportunities. Universities funded under the APA/NIOSH
cooperative agreement to cultivate training programs in work
organization and health are formalizing a new discipline,
known as “Occupational Health Psychology,” and supporting
professional society that blends content from many fields that
contribute to research on the organization of work.
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The U.S. workforce is transforming. Today’s workforce contains
many more women, older workers, and racial and ethnic minorities,
and virtually all workforce expansion in the past decade has been
through increased numbers of foreign-born workers. These groups
each experience disparities in the burden of disease, disability, and
death, due in part to their disproportionate employment in highhazard industries and certain social, cultural, and political factors.
Minority workers, for example, may encounter discriminatory
employment practices. Immigrant workers may have literacy
challenges that compromise the effectiveness of traditional training
and labeling practices. Low-income workers may lack health
insurance or access to health services. Older workers may face
physiologic and cognitive challenges that have not been adequately
researched. The NORA Special Populations at Risk Team identified
and promoted research to better characterize these risks and to help
develop effective intervention programs.
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A Decade of Progress
In 1999, the journal Occupational Medicine: State of the Art
Reviews dedicated an entire issue to Special Populations. This
volume described the magnitude of risk for these diverse worker
populations and their major research needs. In addition to
this broad cross-cutting research agenda, the team defined and
promoted specific research needs for some of the highest-risk
populations, including older workers, foreign-born workers,
women, and low-income workers.
Through NORA, NIOSH has prioritized research on the
health and safety of workers ages 55 and older, a group that will
increase by 70% in the next 10 years (BLS). Several pioneering
research studies are currently being completed. In 2004, the
National Research Council released a report on the Health and
Safety of Older Workers. The team also developed a document
outlining the major research needs including improved
surveillance, research, and interventions for older workers.
Several team projects have fostered collaboration with communitybased organizations, which are perhaps best suited to respond to
the unique linguistic, cultural, and legal barriers facing immigrant
workers. NIOSH co-funded an RFA with the National Institute
for Environmental Health Sciences, titled “Environmental Justice:
Partnerships for Communication.” This solicitation funded studies
that engaged immigrant communities in identifying, defining,
and developing solutions to safety and health problems. Since
the initiation of this extramural funding program in 2003, eight
research projects have studied workplace hazards to Asian and
Hispanic immigrants employed in agriculture, poultry processing,
construction, and the service sector. In 2004, community-based
organizations joined health researchers, government officials, and
advocates to discuss research gaps and challenges at the “Symposium
on Immigrant Worker Safety and Health.” The proceedings of this
conference will be available in 2006. The team also supported the
National Center for Farmworker Health to create a research track at
their migrant stream forums, including special sessions at the annual
meeting and an Internet listserv for migrant health research.
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The team partnered with the National Institute for Child Health
and Human Development (NICHD) to identify workplace
practices and policies that impact the health of employees and their
families and dependents in order to design effective workplacebased interventions. Collaboratively, the team and NICHD
co-sponsored three scientific workshops and a 2005 RFA. The
projects funded through this initiative will investigate how
workplace policies and practices can be changed to improve the
health and well-being of a diverse group of workers and their family
members, including among supermarket workers, hotel hourly
workers, low-income workers employed by small manufacturing
facilities, and workers employed in high-tech industries.
In 2000, the team partnered with NIH to co-fund an RFA,
titled “Health Disparities: Linking Biological and Behavioral
Mechanisms with Social and Physical Environments.” This
program sought multidisciplinary research to better understand
how social and physical environments lead to health disparities.
The physical environment included physical, chemical, and
biological exposure agents in the workplace and community.
The social environment included individual and communitylevel characteristics, such as socioeconomic status. Through this
solicitation, three 5-year occupational health projects were funded
to study injuries, work stress, and musculoskeletal disorders
among health care workers and rural female African American
poultry processing workers.
Inside NIOSH, several new and continuing NORA-supported
intramural initiatives have also promoted research concerning
special populations at risk. Pilot research projects have identified
data needs and intervention approaches for the following kinds of
workers: young, minority, immigrant, older, and disabled. A project
also has examined how occupational variables might better be
integrated into NIH-financed health disparities research. The team
co-sponsored a planning meeting with the Office of Behavioral
and Social Sciences Research of the Office of the Director of
NIH in April 2004 to obtain input from leading researchers in
social epidemiology to better understand current practices in the
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measurement and analytic treatment of occupational variables in
population-based health disparities research.
Future Directions
During the past decade, concerns related to health disparities
in the U.S. have become increasingly important and have
received greater attention, including heightened attention by the
occupational health community. The team has contributed to
the creation of a solid base of ongoing research that should lead
to the development of innovative model health communication
and prevention programs for underserved working populations.
The various initiatives described above have all pointed to several
cross-cutting themes that will be important to help guide future
work in this priority area.
Although many working populations fall under the broad
category of Special Populations at Risk, workers of low
socioeconomic status or low income, whether they are any of the
following: youth, older, immigrant, disabled, or minority, appear
to be at greatest risk for health disparities. Future plans need to
emphasize this subgroup of special working populations.
Future activities also should focus on research addressing the
additional impact of race and ethnicity on the risk for occupational
health disparities, including identifying the role of institutional
forms of racism as well as other sources of discrimination resulting
from bias based on race/ethnicity, language, or cultural or political
factors, such as immigration status.
The use of community-based participatory research (CBPR)
methods should continue to be a focus of research with special
populations. Although occupational health research traditionally
has focused on workplace-based research, it is often important
to combine these approaches with community-based methods
when working with special populations. CBPR promotes
improved data collection on the social, cultural, and political
factors influencing workplace safety and health and will require
greater emphasis on qualitative research methods. CBPR should
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also focus on improved efficacy of occupational intervention
programs aimed at special populations at risk.
Improved surveillance methods are needed to better track the
frequency of occupational injury and illness among special
populations. Many surveillance systems do not routinely
collect data on race, ethnicity, or immigration status, making it
difficult to track these variables. Under-reporting of events in
special populations is probably high because of factors such as
contingent and temporary work status and fear of potential job
loss for reporting injuries.
The tremendous increase in the number of professionals
interested in health disparities research provides opportunities
for unparalleled collaborations with other fields of health
research. Since many researchers have identified socioeconomic
status as a key variable for their work, occupational health
researchers can provide important insights into the development
of accurate measurement tools for the work-related components
of socioeconomic status.
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The workplace significantly contributes to the human cancer
burden, exceeded only by cigarette smoking and diet. Each
year in the U.S., approximately 600,000 deaths occur from
cancer; between 4% and 10% of these deaths are estimated to
be from workplace exposures. This figure, however, may be
underestimated. Estimates of occupationally related cancers
are based on cancer sites such as lung and bladder, which are
recognized as having a substantial occupational component. As a
result, these figures do not account for any additional contribution
that workplace exposures play in cancers of other sites. In
addition, the burden of recognized occupationally related cancer
falls especially on workers in blue collar jobs in high-exposure
industries—mining, construction manufacturing, and certain
parts of the service sector.
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Although in 1996 various countries had reduced workplace exposures
to some carcinogens, many substances listed by the International
Agency for Research on Cancer (IARC) as possibly (2A) or probably
(2B) carcinogenic to humans had not been regulated as carcinogens
by OSHA. Numerous occupations also demonstrated an elevated
risk of cancer, but investigators could not definitely identify a
causative agent. These occupations include painters, rubber workers,
dry cleaners, welders, and workers who use printing processes.
Finally, exposures to particulates, combustion products, and complex
mixtures such as asphalt and metalworking fluids continued to
provide toxicological and epidemiological challenges. Because
of these factors, it was critical to assess how the development and
application of new methods could enhance the study of occupational
cancer and contribute to its prevention.
A Decade of Progress
The team broadly defined cancer research methods to include the
range of methods, tools, approaches, and strategies that enable
occupational cancer research. The team supported a comprehensive
approach, including computer modeling, in vitro and in-vivo testing,
epidemiologic studies, and exposure characterization.
The first task that the team undertook was to develop a research
agenda that addressed four broad areas: identification of
occupational carcinogens, design of epidemiologic studies, risk
assessment, and primary and secondary prevention. The result
of this effort was a paper, entitled Priorities for Development of
Research Methods in Occupational Cancer. The paper included a
review of research gaps and needs, and presented approximately 30
recommendations to address them.
A consensus emerged from the discussion of the research agenda
that there was a need to focus on how to apply new biotechnologies
to the study of occupational cancer. An international workshop
held in May 2002 featured 80 researchers who study worker
populations or develop and validate new biotechnologies. The
workshop focused on three broad topics: (1) the challenge of
applying new technologies to the study of occupational cancer,
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(2) markers of early biologic effect, and (3) the application of
genetic biomarkers to human studies.
A summary of the workshop Applying New Biotechnologies to the
Study of Occupational Cancer was published in 2004. Notable
findings included:
The capability of new biotechnologies to group
chemicals with similar global gene expression
profiles has the potential to provide an early
warning system for suspected carcinogens
before they are introduced into commerce.
The challenge will be to identify the degree of
similarity required to predict carcinogenicity
and to distinguish pathogenic patterns from
homeostatic ones.
Gene expression patterns may be used in
epidemiologic studies as surrogate endpoints
for cancer. Attention to basic epidemiologic
principles of design and analysis is still important
to guard against biases and irreproducible
results. To enhance risk assessment, expression
patterns need to demonstrate comparability
across species for extrapolation purposes, and
need to be robust at different doses for doseresponse predictions. Before these technologies
are used in humans, the ethical, legal, and social
issues should be addressed along with the
scientific issues.

Various projects were developed based on the research agenda.
These included an evaluation program to determine research
needs of IARC Group 2A, 2B, and 3 carcinogens, identification of
characteristics for a fellowship program to attract and nurture new
investigators, and various biomarker guidance and database efforts.
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Future Directions
In the next decade, it will be necessary to identify what new
high-throughput biotechnologies—particularly genomics,
transcriptomics, and proteomics—can provide for occupational
cancer research. The products of these new biotechnologies
may be considered as new biological markers. A large number
of gene variants, transcripts, or proteins can now be assessed in
a very short time. These products depict an increased level of
complexity because they represent a more detailed and systemwide data set.
These biotechnologies also offer the opportunity to understand
how genetic polymorphisms contribute to the risk of
occupationally related cancer and to identify some carcinogens
whose effects may be apparent only in genetically susceptible
populations. It is unlikely that a single metabolic polymorphism
is a major component in occupational cancer risks; rather,
genetic polymorphisms are involved in many mechanisms that
act in concert or conflict and need consideration simultaneously.
The high-throughput biotechnologies will allow these complex
interactions to be explored for the first time. Before their
utility is assured in occupational cancer research, however, a
number of technical and scientific issues need attention. These
issues include standardization of techniques, decisions about
scales and outliers, and methods for comparing platforms and
understanding the meaning of various perturbations of array
patterns in relation to exposure, effect modification, or disease.
If these biotechnologies and their products can be validated with
regard to such issues, then they have considerable potential to
contribute to occupational cancer research.
Although workplace risks have various distinguishing
characteristics, ultimately it may make more sense to consider
work and non-work-related risks holistically. Workplace risks
are caused primarily by exposure to workplace hazards; however,
these risks are mitigated by various personal and lifestyle factors,
such as environmental tobacco smoke. The role of workplace
environment, including sedentary occupations and lack of access
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to healthy foods, has not been examined extensively. Workplace
physical activity has consistently been found to be protective
against colon cancer; conversely, sedentary occupations increase
risk if not balanced with physical activity outside work.
Occupational factors appear to contribute to disparities in
morbidity and mortality by demographic and socioeconomic
factors. In addition to protecting the workforce from exposure
to specific occupational hazards, there is a need to understand
how the workplace environment interacts with other factors
to produce the enormous gaps in health and mortality in the
U.S., and how the workplace can play a role in closing those
gaps. A holistic view of a disease, such as cancer, requires an
understanding of all risk factors that could lead to it.
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Thanks to a new low-cost ventilation exhaust system, workers
near asphalt paving machines have greater protection from
asphalt fumes. Substituting plastic for glass bottles is preventing
low back disorders among workers who handle and transport
beverages. Improved respirator filters provide greater protection in
workplaces ranging from health care facilities to metal fabrication
shops. As these examples illustrate, research in control technology
and personal protective equipment can have widespread, direct
impact on workers’ safety and health.

87

A Decade of Progress
Award-winning partnerships have been the hallmark of the NORA
Control Technology and Personal Protective Equipment (CTPPE)
team. The team’s diverse membership regularly collaborated with
groups like the American Industrial Hygiene Association (AIHA),
the American Society of Safety Engineers (ASSE), and members of
the health care community. Together, they determined basic and
applied research needs for identifying, developing, and evaluating
practical and effective control strategies. NORA engineering research
in the asphalt paving industry was nationally recognized as a top 10
finalist for the Ford Foundation and Harvard University Innovations
in American Government Awards in 1998 and was the first recipient
of the NORA Partnering Award in 1999.
The team first gathered a broad consensus of research needs at a
unique 1998 workshop, titled “The Control of Workplace Hazards
for the 21st Century: Setting the Research Agenda.” Co-sponsored
with AIHA and ASSE, the conference assembled more than 250
researchers, manufacturers, and users of engineering controls and
personal protective equipment. Together, they defined a future
research agenda, which identified six priority areas: (1) biological and
chemical protective clothing, (2) engineering controls, (3) noise, (4)
non-ionizing radiation, (5) respirators, and (6) traumatic injuries.
Important concepts of the framework include:
Holistic or broad spectrum approach. Control
technology should be used to reduce all workplace
hazards, not just single hazards, such as air
contaminants.
Importance of primary prevention. Primary
prevention seeks to eliminate the possibility
of injury or disease rather than reducing the
probability.
Practical and cost-effective control technologies
and interventions. Control technologies and
interventions will not be used unless they are
practical and cost-effective.
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Field-testing control technologies and
interventions to evaluate their efficacy and
compatibility to the industry and the workers.
Additional training of undergraduate and
graduate engineering, business, and architecture
students in the primary prevention and control of
environmental and occupational hazards.
Communication of the results of control
technology research to safety and health
professionals, executives, supervisors, and
workers.

After the creation of this common research framework,
additional team partnerships emerged, resulting in important
impacts. Government, industry, and labor partnerships reduced
worker exposure to asphalt fumes and sponsored numerous
symposia on work-related hearing impairment. The team also
collaborated with the NORA Reproductive Health Research
Team to create the NIOSH Hazardous Drug Safe Handling
Working Group. This workgroup, formed from a partnership of
more than 60 diverse members, produced an influential NIOSH
Alert, titled Preventing Occupational Exposures to Antineoplastic
and Other Hazardous Drugs in Health Care Settings. The
workgroup recommended new guidelines to protect the nearly
5.5 million health care workers who are exposed to drugs known
or suspected to cause health effects ranging from skin rashes to
reproductive diseases, and possibly cancer.
Since the Alert was released in September 2004, six of seven
manufacturers of equipment for pharmacy compounding have
begun marketing engineering controls specific to the guidance
introduced in the document. NIOSH-conducted studies were
instrumental in forming an American Society for Testing and
Materials standard for glove testing, which the Food and Drug
Administration will use when approving gloves for use with
chemotherapy drugs. The Alert also received the inaugural 2005
NIOSH Bullard-Sherwood Research-to-Practice (r2p) Award.
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Future Directions
New control measures must be developed to address current and
emerging workplace hazards, such as nanotechnology. Existing
controls, even if effective, may lack acceptance or be perceived
as cost-prohibitive. For jobs in which personal protective
equipment is the only available option to ensure worker safety,
controls must be developed that are effective and practical. The
control also must not introduce a hazard greater than the one it
is intended to prevent, a concern raised by health care workers
who developed significant allergic responses to wearing latex
gloves. Personal protective equipment also must be designed and
made available to properly fit the growing numbers of female
and minority workers.
Based on the six areas identified during the conference on
“The Control of Workplace Hazards for the 21st Century:
Setting the Research Agenda,” the following future research
recommendations are proposed:
Biological and Chemical Protective Clothing
Investigate dynamics of biological and chemical
(B&C) dermal exposures.
Improve laboratory and field-testing methods.
Improve B&C protective clothing relative to
human factors and ergonomics.
Promote better education and training of users
regarding the selection, use, and limitations of
B&C protective clothing.
Develop B&C protective clothing
decontamination and disposal methods.

Engineering Controls
Review process-specific engineering controls for
a variety of common hazards.
Apply process review techniques for safety
management to control worker exposures.
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Study industrial hygiene implications of aircleaner performance, reliability, and economics.
Encourage use of computational fluid dynamics
for design of local exhaust systems.
Develop quantitative models relating cost of
process changes to exposure reduction.
Measure economic impact of pollution and
hazard prevention, with particular emphasis on
substitution for less hazardous chemicals.
Integrate occupational safety and health
principles into college engineering curricula.
Develop better methods for information
dissemination and training.
Develop a clearinghouse for completed engineering
control research to facilitate information exchange
among the many groups affected.
Conduct a needs assessment and identify research
gaps for control banding as a control strategy in
small businesses and developing countries.

Noise
Assess the distribution of exposures and the
current state of noise exposure monitoring
through surveillance, with particular emphasis on
impact noise.
Develop new technologies to provide quieter
machines, low-cost noise dosimeters, research
on the redistribution of hearing conservation
responsibility to the worker, and Material Safety
Data Sheets (MSDS) for reference in the workplace.
Research hearing protective devices (HPDs), the
effect of HPDs on the workplace, new technologies
integrating communication systems, and other
technologies where HPDs are needed.
Increase public awareness of hearing health as a
wellness issue.
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Non-Ionizing Radiation (NIR)
Improve instrumentation and techniques to
address measurement and control of exposures
in the near-field.
Improve engineering controls, personal protective
equipment and monitoring instruments for
dealing with NIR exposures in the workplace.
Encourage participation of both industrial
hygienists and management to address NIR
workplace hazards effectively.
Improve worker and safety professionals’
awareness of NIR issues through training.

Respirators
Conduct an assessment of respirators used
by industry and provide smaller businesses,
especially, with recommendations for respirator
use and training for the specific industry.
Standardize terms, recommendations, and
protection factors that trigger actions in a
respirator program.
Catalog end-of-service-life indicators for
cartridges and filters that do not last indefinitely.
Research fit-testing criteria to learn the optimal
duration and frequency of testing, how fit-testing
results compare to workplace performance, and
the cost-benefit of fit testing.

Traumatic Injuries
Transfer safety and technology research and
practices to small businesses.
Build in product safety (safety by design) to
protect workers.
Research the effect of psychosocial factors on
occupational injury.
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Research traumatic injury controls for special
groups (e.g., health care, farming, maritime,
retail store, general office, and transportation
workers).
Research the effect of multi-risk factors (work
task/environment, workforce/worker, and
organization/management) on traumatic injury
controls.
Research material-handling methods/techniques
and traumatic injury controls.

The team’s research agenda identifies opportunities for
research, partnership, intervention, and dissemination.
These opportunities can be pursued through the industryand cross-sector approach of NORA. The next decade of
NORA provides the opportunity to expand and strengthen
the existing partnerships among stakeholders to build on the
accomplishments of the NORA CTPPE Team.

93

Exposure Assessment Methods

16

12

8

4

96

97

98

99

00

01

02

03

04

Funding in millions by fiscal year. ■ Indicates intramural funds ■ Indicates extramural funds

Accurate exposure data are fundamental to occupational safety and
health research. Without effective ways to identify and measure
harmful exposures, inaccurate research conclusions could occur.
Diseases, for example, could be attributed to the wrong exposures,
or important health effects could be overlooked. Exposure
assessment research is a multidisciplinary field designed to improve
scientific accuracy, define exposure response relationships, and
reduce harmful workplace exposures.
The scope of occupational exposure assessment had broadened
considerably in the years immediately preceding NORA. Rapid
technological changes were occurring, and increased research
attention was being placed on non-industrial work settings. Major
gaps existed in the then current research methods, gaps that would
eventually drive the development of research methods for exposure
assessment. These gaps included a lack of sufficiently precise
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methods for exposure assessment to support accurate epidemiologic
studies in complex work environments; practical measurement
techniques that could be applied at reasonable cost; and validated
methods for measuring relevant exposure and total dose data directly
from biological samples obtained by relatively non-invasive techniques.
As NORA began, stakeholders believed that advancements in exposure
assessment could help identify at-risk workers, develop the most
cost-effective control and intervention strategies, illuminate exposureresponse relationships, and improve baseline data for standard setting
and risk assessment.
A Decade of Progress
The NORA Exposure Assessment Methods Team began its work
attempting to define exposure assessment. This exercise resulted in a
holistic definition of exposure assessment that would be meaningful
to all occupational health and safety disciplines and that would
encourage the collection of more universally practical exposure
assessment data. This effort resulted in a peer-reviewed manuscript,
entitled A Proposal to Standardize the Definition of Exposure
Assessment.
A primary goal of the team was to identify research gaps in exposure
assessment. This effort led to the 2002 white paper Exposure Assessment
Methods—Research Needs and Priorities. Within the white paper,
the team proposed definitions and prioritized recommendations for
research related to the field of exposure assessment. Proposed research
falls into four areas: (1) study design, (2) monitoring methods, (3)
applied toxicology, and (4) education and communication. The
purpose of this document is to stimulate discussion and new research
in those areas.
The recommendations in the white paper sparked a third major
team effort and publication. The team sponsored and organized an
international workshop on the development and use of biomarkers
from toxicologic, risk management, ethical and legal, and regulatory
perspectives. This workshop resulted in a proceedings publication
in the International Journal of Occupational Environmental Health
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and sparked an additional manuscript, entitled Biomarkers in
Occupational Health Practice. This paper discussed established
biomarkers and their applications, new biomarker technologies
and their potential roles, and gaps and barriers that prevent
widespread use of biomarkers. In addition to the abovementioned products, the team sponsored three other meetings and
workshops and has five other publications.
Future Directions
New technologies, such as nanotechnology, genetic engineering,
semiconductors, and electronics, have advanced beyond our
knowledge or experience to anticipate, recognize, or evaluate
exposure. Businesses are creating products faster than the health
and safety community can develop or conduct appropriate
methodologies for hazard characterization and exposure
determination. This problem is compounded by the increase
of small- to medium-size companies that have limited financial
resources and professional expertise available to properly
address occupational exposures. Proposed exposure assessment
methodologies like control banding have limited validation and
require toxicity information that may not be readily available.
In consideration of the above direction, several new priority
areas should be added or at least existing priority areas should be
expanded:
Research is needed to advance and streamline
the hazard and exposure assessment processes
associated with emerging technologies.
New methodologies will be required to better
anticipate and recognize problem areas and to
produce exposure assessments that address risk
assessment, management, and communication
issues.
Control-banding methods should be enhanced,
and additional modeling methods should be
developed and validated to address other needs
such as exposure classification, exposure ranking,
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data interpretation, expert systems, and complex
exposure scenarios such as mixtures and nonambient conditions.
Methodologies between disciplines that rely on
exposure assessment should be integrated.
Available information on the relationships
between exposure and health outcomes is being
gathered and published as a practical guide
for epidemiological studies to improve the
consistency and quality of exposure assessment,
as well as to identify gaps in the knowledge base
and opportunities for improvement of exposure
assessment.
The National Occupational Exposure Survey
should be updated and expanded.
The necessary contents of a national occupational
exposure database are being developed.
A data interpretation and analysis guide should be
developed. The AIHA has published a document,
entitled A Strategy for Assessing and Managing
Occupational Exposure, which advances the work
on determining compliance with an occupational
exposure limit. Further work is needed to
determine sampling strategies so that the decision
process can be based on modeling efforts.
Refinement of injury risk assessment, such as
developing accurate exposure durations, will
identify at-risk workers. It can also result in costeffective control and intervention strategies,
exposure-response relationships, and more
accurate risk assessments.
Control banding, a qualitative predictive model,
should be considered as a new approach to
exposure assessment.
Methodology is needed to measure nontraditional exposures such as work organization
and other stressors.
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Methodology and reporting of results should
be standardized to make it easier for all to
understand and use exposure assessment data.
A biomarker database should be developed.
This database would list the biomarker and the
stage of validation.
A national biomonitoring manual should be
developed from which standardized methods
could be drawn.
Guidelines should be developed that could
be used by occupational safety and health
practitioners to use biomarker and guidelines to
interpret and communicate biomarker results.
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Health services research (HSR) explores the relationship between
the type and quality of health services and the health outcomes of
individuals and communities. HSR examines diverse areas such as
health care management, economics, the type and delivery of care,
and the effectiveness of health care policies, practices, or prevention
strategies. While HSR had grown in scope and significance before
NORA, little attention was paid to the association between health
services and work-related injuries and illnesses.
The NORA HSR Team sought to promote better understanding
of the contribution of occupational health services to the
recognition, treatment, and prevention of work-related diseases
and injuries. Diverse approaches were needed to address concerns
about the quality of care, access to care, and the availability of
well-trained health professionals and researchers. In addition,
the team sought to understand the relationship between health
service interventions and health, social, and economic outcomes.
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A Decade of Progress
Occupational HSR has developed since the start of NORA,
beginning with an increase in training programs. In 1999, NIOSH
announced a targeted training support program to address the dearth
of trained investigators focused on work-related issues. Programs
funded under the training grants were expected to train researchers,
promote collaborative research, and build bridges between
institutions that train researchers and the organizations involved in
managing occupational health services. Four NIOSH Educational
and Research Centers (ERCs) successfully competed to add this
new component to their programs: Harvard University, University
of Minnesota, University of Washington, and University of North
Carolina (UNC). All have made progress toward the original goals
of the program.
The availability of research funding attracted experienced
occupational safety and health investigators as well as a limited
number of general HSR investigators to the HSR field. NIOSH
funded a range of investigations including studies to:
Improve understanding of regional variations in
treatment and outcomes of spinal cord injured
workers;
Expand use of workers compensation data for
occupational surveillance;
Investigate how different approaches to the diagnosis
and treatment of ergonomic-related injuries affect
outcomes;
Develop evidence-based guidelines for occupational
health practice; and
Identify inequalities in access to occupational health
services.

An important team accomplishment of the NORA HSR Team
was a 1999 conference, co-sponsored with the NORA Social
and Economic Consequences (SEC) team, the Robert Wood
Johnson Foundation (RWJF), the Institute for Work and Health
of Canada, and the Agency for Healthcare Research and Quality.
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This conference gathered leading and emerging researchers to
review the current state of knowledge and to discuss future
research opportunities and priorities. Four of the HSR papers
commissioned for the meeting were published in the American
Journal of Industrial Medicine in 2001, along with most of the
SEC background papers. These papers emphasize a number of
key points raised during the conference, including the:
Need for research to minimize disability and
maximize injured workers’ quality of life and labor
market participation;
Need for systematic collection and standardization
of relevant data;
Importance of clarifying what constitutes highquality medical care for injured workers;
Importance of examining a wide range of social,
economic, and functional outcomes in addition to
direct costs;
Need to consider occupational health services in
the broader context of general health services; and
Importance of training investigators able to work
successfully across a range of disciplines.

This conference also highlighted the need for an integrated view
of health and safety risks. Traditionally, NIOSH had focused
exclusively on risk from work. Occupational health services
take a broader view by examining the relationships between
workplace exposures, policies, and other health hazards, such as
tobacco. The physical consequences of exposure to workplace
hazards, such as asbestos and tobacco, have been well known for
decades. Less attention had been paid to environmental tobacco
smoke as a workplace health hazard and to the need for health
services to assist cessation and workplace policies that promote
prevention. Recent work has drawn attention to the unequal
distribution of tobacco use among occupational categories and
the importance of interventions, both in the workplace and out
of work, that reflect that understanding.
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The NIOSH Scientific Workshop titled “Work, Smoking,
and Health,” held June 2000, gathered a diverse group
from academia, labor, industry, and governmental and nongovernmental organizations to address questions about the
impact of active or passive smoking, combined with occupational
hazards, on the health of workers. The workshop also addressed
the reasons for the uneven occupational distribution of tobacco
use and the most effective policies and programs and priorities
for future work. Workshop proceedings, background papers,
and a summary of research recommendations were published as
a NIOSH document in 2002.
The success of these meetings illustrates the importance of
partnerships in advancing HSR. NIOSH and RWJF held a
number of joint technical meetings and educational programs
to promote exchange of information and research data. This
collaboration grew from RWJF’s Workers’ Compensation Health
Initiative, established in 1995 to develop and evaluate innovative
approaches for the delivery of care to people injured at work.
NIOSH and RWJF provided funding to researchers to attend
these meetings and report on work in progress. This series of
technical meetings played a critical role in advancing the field.
A final outgrowth of the Health Services Research NORA priority
area has been the development of a new NIOSH and national
program, titled the WorkLife Initiative. This initiative seeks
to integrate efforts in health promotion and occupational safety
and health in order to develop mutually supportive strategies
for research and practice to improve worker health, safety, and
well-being. In 2004, NIOSH and more than 20 co-sponsors
organized a groundbreaking national symposium to explore
integrating approaches to reduce occupational and personal health
risks, the economic context of these programs, and the current
practices that best address the combination of occupational
workforce health protection and individual health promotion.
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Future Directions
Once virtually absent from the NIOSH intramural and
extramural programs, the WorkLife Initiative is expected to
become a major theme of NIOSH’s future work and supports
the current NIOSH r2p focus.
Despite the many successes in this priority area, the need to
develop cross-cutting research consistent with many topics
explored in the earlier HSR/SEC recommendations still exists.
Research is needed to address concerns about access to care for
occupational injuries and illnesses, quality of care, availability
of health professionals, and patterns of health care cost and
utilization.
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Intervention effectiveness research (IER) examines the connection
between a precisely defined intervention and the results of
using it in the workplace. An intervention may include
preventive technologies, hazard exposure guidelines or standards,
reorganization or restructuring of work processes, and administrative
changes such as job rotation or training. Knowledge about what
prevents workplace illness and injury is useful for economic,
standard-setting, and public health purposes. Measuring the results
of planned actions is a recognized part of good management.
Though critically important for research and practice, IER was an
underutilized tool when NORA began a decade ago. The NORA
IER Team adopted an ambitious agenda of outreach and research to
promote this priority area.
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A Decade of Progress
The team members published a conceptual paper on the IER
process. The team believes that the complete this process
includes activities related to development of the intervention,
its implementation, and the measurement of its effectiveness.
Within each of these stages, a five-phase subprocess occurs,
which consists of gathering background information; developing
partnerships; choosing methods and designs; completing the
development, implementation, or evaluation; and reporting and
disseminating findings.
The team collaborated with researchers at the Institute for Work
& Health (IWH) in Ontario, Canada, to develop a manual of
recommended IER methods in occupational safety and health,
titled Guide to Evaluating the Effectiveness of Strategies for Preventing
Work Injuries. This resource guide for researchers was completed
and published jointly by NIOSH and the IWH in 2001. The team
also prepared a booklet on IER for non-researchers, titled Does It
Really Work?, which NIOSH published in 2004. Both publications
have enjoyed a wide readership.
The team also cooperated with a number of organizations
to encourage IER and promote written guidelines. These
partnerships crossed a number of industries and occupational
groups, including state health departments, safety and health
professionals in agriculture, safety professionals in the National
Safety Council (NSC), and the Maine Occupational Research
Agenda. Most often, the partnership involved presenting
workshops or seminars on IER. The team developed targeted
curricula that addressed the learning needs of each group. The
curricula featured active, problem-solving activities that required
the application of study design principles to occupational
safety and health problems that were relevant to each particular
audience. With team support, the NSC developed and presented
a professional development seminar in IER. A pilot version
was presented and evaluated at the NSC’s annual conference in
2002. Since then, this day-long seminar has been refined and
presented at each subsequent NSC annual conference.
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NIOSH, the IER team, and its partners also sponsored an
international contest to recognize outstanding evaluations of
interventions designed to prevent work-related injuries. Contest
rules allowed for evaluations of any intervention ranging from a
simple tool or equipment change at a single worksite to programs
of training to protective equipment use. The intervention could
also be of one or more policies applied in a corporation, an
industry, a State, or a nationality (e.g., an OSHA standard). The
contest winner and two honorable mention submissions were
awarded plaques and provided travel assistance to present their
work at a special session of the National Occupational Injury
Research Symposium (NOIRS) on October 28, 2003. In addition
to the presentations by contest winners, the special session also
discussed the challenges of conducting IER work and presented
solutions to these challenges.
The team encouraged collaboration with researchers in other
NORA priority areas. Team members attended meetings of the
Hearing Loss, Musculoskeletal Disorders, Special Populations at
Risk, and Reproductive Health Research teams. Team members
supported a workshop conducted by the Musculoskeletal
Disorders Team on ergonomic IER in 2004. A meeting with
the Reproductive Issues Team resulted in an effort to evaluate
the effectiveness of an information product, a NIOSH Alert on
exposure to hazardous drugs in health care settings. The team
also is advising a group of NIOSH researchers about evaluating
interventions that target special populations.
Finally, the team is working with NIOSH to develop a database of
interventions and an intervention dissemination Website for small
businesses. Such resources are currently scattered. Descriptions
of interventions that do exist are often not accessible to wide
audiences. Effectiveness data are often not presented or nonexistent, leaving readers to wonder whether an intervention will
really work or not. The Center to Protect Workers’ Rights (CPWR)
and NIOSH are partnering on the development of the
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Website structure and format in order to harmonize the
presentation and offer standardized evaluations of the solutions.
Users will be able to search the database for hazard information,
training materials, and other potential interventions. The first
focus will be on construction industry interventions. Future efforts
will include agriculture and mining. The IER team will evaluate
the quality of the effectiveness research evidence available for each
intervention proposed for inclusion in the database.
Clearly, there have been many developments, both theoretical
and practical, in IER since the beginning of NORA. Other
indicators also point to change. During the NORA years, NIOSH
announced at least four requests for grant applications for IER
in construction safety and health (1997), agricultural safety and
health (1997), occupational safety and health (2000), and violence
prevention research (2002).
There was a substantial increase in active federal grants in IER
after 1996. Although there are many possible explanations for
this result, these data are not inconsistent with the possibility that
NORA (and its IER team) stimulated more research. Goldenhar
and Schulte (1994) published a review of the occupational safety
and health (OSH) intervention effectiveness literature. They
found 34 studies that occurred during the 6-year period from
1988 to 1993. In 2003, the IER team found more than 100 OSH
intervention effectiveness studies published during the 6-year
period from 1998 to 2003.
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Future Directions
A strength of the NORA team concept was assembling
researchers who are doing similar work, but come from different
perspectives. This collaboration increased the team’s awareness
of the close relationship between IER and important safety and
health changes in the workplace. The group felt the urgency
and importance of increasing and improving IER practice.
Improving the quality of IER through methods standardization
had to be secondary to improving overall practice and moving
IER results into the workplace. The following recommendations
carry on that practical perspective:
Continue to improve and disseminate practice
guidelines.
Strengthen the involvement of stakeholders in
designing and conducting IER.
Encourage the conduct of policy intervention
studies.
Study the process of transfer of IER results from
evaluator to user.
Continue to develop low-tech IER methods.
Encourage IER in all NORA research areas.
Ensure that IER methods are being taught in the
classrooms of the OSH professions.
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Risk assessment is the process that identifies hazard, exposure,
and dose-response information to determine whether an exposed
worker population is at greater-than-expected risk of disease or
injury. The magnitude and nature of the increased risk can then
be investigated, using either qualitative or quantitative approaches.
Qualitative risk assessments are generally descriptive and indicate
that disease or injury is likely or unlikely under specified conditions
of exposure. Quantitative risk assessments provide a numerical
estimation of risk based on mathematical modeling, such as 1
person per 1,000 would be expected to develop a disease or injury
given specific exposure conditions.
Quantitative methods require both detailed data on relevant
exposures and a mathematical model to describe the exposureresponse relationship. Animal models and epidemiology studies
can provide such data, but limitations exist. For example,
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experimental animal and molecular biologic data provide
detailed information on the exposure-response relationships,
but workers may have much lower and more variable exposures
than susceptible animal species tested at constant high doses.
Risk assessments based on population-based studies may have
real-world relevance to workers, but they generally suffer from a
number of limitations, including potential confounding by risk
factors or other exposures; variability in workplace exposures;
individual variability in health response; and detection of
statistically significant changes in adverse health outcomes.
Quantitative risk assessments may often be preferred whenever
data, modeling techniques, and biological understanding are
adequate to support their development. A call for more formal
quantitative methods for occupational safety and health regulation
began when the U.S. Supreme Court ruled in the “benzene
decision” (Industrial Union Department v. American Petroleum
Institute, 448 U.S. 607 [1980]). This decision stated that OSHA
could not issue a standard without demonstrating a significant risk
of material health impairment. The ruling encouraged, but did
not demand, the use of numerical criteria to determine whether a
risk is “significant.” As a result of that Supreme Court ruling, risk
assessment became standard practice in OSHA rulemaking for
health standards.
Yet, when NORA began in 1996, considerable controversy
surrounded many of the risk assessment methods for cancer and
non-cancer effects, and methods for assessing safety risks were
perceived as even less developed. NORA stakeholders recognized
a wide range of scientific disciplines were essential for providing
more reliable methods for estimating work-related risks. The
NORA Risk Assessment Methods (RAM) team was formed to
identify opportunities for new approaches to modeling and risk
communication.
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A Decade of Progress
During the last 10 years, risk assessments have become
increasingly sophisticated, sparking even greater support for
formal risk assessments in establishing national priorities and in
justifying regulatory actions taken by federal agencies. Given
the important emphasis placed on risk assessment, the NORA
RAM Team sought to identify research areas needed to improve
methodologies. The team identified five research areas, including:
Sources of human variability in susceptibility
among workers exposed to toxic substances;
Evaluation of toxicological risk assessment
models using epidemiological data;
Use of biomarkers of disease to develop risk
assessment models for predicting the risk of
chronic diseases;
The impact of errors in exposure assessments on
epidemiologic risk assessments; and
The influence of pattern of exposures in
determining occupational health risks.

NIOSH supported these research priorities by funding
evaluation research for toxicological and epidemiological
estimates of the risk for carcinogenic hazards. In addition,
NIOSH, EPA, and NCI funded a 1999 RFA for research
focusing on the development of cancer risk assessment methods
and practices.
Perhaps the most important accomplishment of the RAM team
was to sponsor a workshop on “Future Research to Improve
Risk Assessment Methods” in August 2000. The primary
purpose of this workshop was to develop a national research
agenda for risk assessment methods. Working groups prepared
research recommendations to improve methods for conducting
quantitative risk assessments in the areas of toxicology, epidemiology,
and modeling. The Journal of Human and Ecological Risk Assessment
published the conference proceedings in 2002.
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The toxicology workgroup recommended research to do the
following:
Increase understanding of inter- and intra-individual
variability in susceptibility during all life stages.
Account for factors that affect cross-species
extrapolation.
Adjust for dose rate effects.
Define toxicological responses at low doses.
Make better use of continuous as well as quantal
data from toxicological responses.
Develop better response data from short-term
exposures.
Address exposures to chemical mixtures and by
multiple exposure routes.
Refine uncertainty factors with reliable
experimental data.

The epidemiology group concluded methodological research is
needed in the following areas:
Aspects of epidemiologic study designs that
affect dose-response estimation;
Alternative methods for estimating dose in
human studies; and
Refined methods for dose-response modeling for
epidemiologic data.

The modeling group recommended research to do the following:
Characterize inter-individual and inter-species
variability in susceptibility.
Develop improved models for injury risk assessment,
including development and characterization of risk
estimates and exposure metrics.
Adapt and modify existing standard procedures
(e.g., to derive reference doses).
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Develop acceptability criteria for mechanistic
hypotheses and data.
Develop models for multiple endpoint data,
particularly for different endpoints on different
scales.
Develop new mechanistic models of
carcinogenesis.
Improve methods for combining data of different
types in risk analyses.
Explore evidence and models for complex
dose-response relationships in the context of
homeostasis (including models of hormesis).

Future Directions
Although research is ongoing in many priority areas, none
have been definitively addressed. Researchers, for example,
can better evaluate the concordance between toxicological and
epidemiological estimates of carcinogenic risks, but challenges
remain. Exposures measured in most epidemiological studies
are relatively less precise than exposures measured under the
controlled experimental conditions possible in toxicological
studies. This lack of precision makes it difficult to determine
whether toxicologically based risk estimates accurately predict
the risk in humans. Toxicological studies, however, might not
exist for substances with good quantitative epidemiology.
As with concordance issues, scientists have made distinct
progress understanding inter- and intra-individual variations
in chemical susceptibility, but many questions remain.
These questions may be partially addressed by studies of
inter-individual variations in xenobiotic metabolism and by
future knowledge gained in the genomics revolution. The
field of quantitative risk assessment is entering a new era of
understanding the molecular basis for chemically induced
disease. Genomic and proteomic data may provide important
new insights, such as:
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Illuminating the genetic basis for individual
variations in susceptibility;
Identifying factors affecting cross-species
extrapolation;
Refining uncertainty factors;
Contributing to new epidemiologic study designs
that improve dose-response estimation;
Developing improved biomarkers;
Providing insight into the causative linkages
between exposure and response;
Improving our understanding of toxicological
responses at low doses;
Addressing exposures to chemical mixtures and
by multiple exposure routes;
Leading to alternative methods for estimating
dose in human studies; and
Modifying current mechanistically based models
of carcinogenesis.

Despite clear needs and new opportunities, it is difficult to
predict the future of risk assessment methods. Improvements
are typically sparked by the need to address practical problems.
Applied projects that address research gaps are needed for risk
assessment and regulatory actions. In addition, methodological
projects that address issues in both epidemiology and toxicology,
particularly related to the use of genomic and proteomic data,
should be supported. Improvements in the research base and
the quality of epidemiological and toxicological methods would
clearly be the best possible investment for enhancing our ability
to accurately characterize human risks.
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When workplace illnesses and injuries occur, workers’ compensation
claims are not the only result. Workers, their families, their
employers, and society suffer from hidden costs such as decreased
quality of life, increased time and work demands on worker families,
disruption of work, reduced productivity, and costs to the health
care system and programs for the disabled. In 1996, NIOSH
and its partners identified social and economic consequences
(SEC) as a priority NORA research area. When the SEC team was
formed, there was limited SEC research in the U.S., with the costs
of workers’ compensation insurance and claims being the largest
single area of focus. The team sought to foster research that would
identify and understand the complete costs of workplace illnesses
and injuries.
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A Decade of Progress
In 1999, the team worked to define the direction of SEC research in
a conference co-sponsored by the NORA Health Services Research
Team, the Robert Wood Johnson Foundation, the Institute for
Work and Health of Canada, and the Agency for Health Care
Research and Quality. In 2001, the American Journal of Industrial
Medicine published a set of papers from this conference, in what
was, at the time, the most direct and in-depth treatment of the
subject matter in an occupational safety and health journal.
Several themes emerged that clarify the state of knowledge,
research gaps, and needs, and are summarized below:
The economic burden of injuries on workers is very
great, and more research is needed to determine
the non-monetary costs.
Psychologists, sociologists, anthropologists,
and others have begun to describe social
consequences of work injuries, including
depression, a reduced ability to perform social
and family roles, and difficulty maintaining family
relationships.
Almost all analyses of employer costs have
focused on worker’s compensation claims,
overlooking less visible costs, including hiring
and training of replacements and the impact on
productivity.
Workers tend to return to work earlier when they
return to the same employer, and return-to-work
programs can improve long-term work outcomes
in ways that future studies should aim to quantify.
More research is needed on factors that
discourage workers from filing workers’
compensation claims, resulting in under-reporting
of illnesses and injuries.
Workers’ compensation benefits often fall short
of replacing lost earnings and do not cover all
medical costs.
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There is much unrealized potential for using
existing administrative and survey data to assess
economic and social consequences. Additionally,
new data need to be developed using better
measures of causal factors and outcomes.

NORA has increased funding for SEC research to address these
knowledge gaps, with substantial focus on both workers and
employers. Worker-focused research explored lost earnings,
changes in employment status, medical costs, impacts on the
worker’s family, and the overall value to workers of avoiding
accidents. Employer-focused research examined worker
compensation costs and prevention measure costs, whereas a
few studies looked at costs associated with productivity losses.
A smaller number of projects focused on societal costs, such as
costs to public programs like Social Security Disability Insurance
(SSDI) and Medicare.
The primary focus of approximately one third of the economicsrelated projects was not economic questions, but identifying
the impact of risk factors on illness and injury or measuring
intervention effectiveness. This finding suggests that economic
research can often be most effectively done in the context of more
traditional occupational safety and health research. Additionally, a
significant number of the extramural projects dealt with economic
determinants of workplace injury and illness rather than their
economic consequences, focusing on such things as availability
of economic resources for prevention, competitive pressure on
employers, and the economic situation of workers as a factor
affecting time away from work after an injury. Future economic
research should continue to examine these kinds of subjects.
The team also has sought to increase the visibility of SEC research
while bringing together other stakeholders. For example, the
team produced a partially annotated bibliography of the social
consequences of workplace injury and illness (NIOSH, 1999),
and a database of researchers of social and economic consequences
(NIOSH, 2000), and sponsored production of a compendium of
NIOSH-supported projects with economic components (NIOSH,
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2005). One of the team’s last major accomplishments was cosponsoring, along with the NORA Intervention Effectiveness
Research Team and other organizations, a conference organized by
NIOSH and WHO, entitled Economic Evaluation of Occupational
Health and Safety Interventions at the Company Level. This meeting
was the first to bring together individuals who have independently
developed methods for analyzing employers’ investments in safety
and health, and was attended by representatives from international
governments, academics, large and small businesses, research and
professional organizations, and NIOSH researchers.
NIOSH has a growing commitment to economics research.
During the last decade of NORA, NIOSH hired four economists
and two economist research fellows. It supported an internal
Economics Interest Group that evolved in 2004 into the NIOSH
Economics Forum, which supports the development and diffusion
of economics research within the Institute and positions NIOSH
to address future research needs.
Future Directions
The team has drafted a research agenda that evolved from the
1999 conference. Its major themes are outlined below:
More research is needed on employer costs
and consequences, especially for costs other
than workers’ compensation. Tools for employer
evaluation of prevention measures also must be
further developed.
Methods of economic evaluation at all levels—
worker, employer, and societal—must be
developed and standardized.
Sources of support for injured workers must be
evaluated for their adequacy, equity, cost, and
effectiveness, including workers’ compensation,
disability insurance, medical insurance, SSDI, and
Temporary Assistance to Needy Families (TANF).
Research is needed to document how workers
and their families cope with a disabling work
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injury, including how they alter their patterns of
activity and work, and how their mental health
and relationships are affected.
The long-term effects of injury and illness on
workers and employers due to recurrence of
health problems, change in jobs, or withdrawal
from the workforce need to be studied.
The role of many factors in determining the
ultimate success of workers in returning to work
needs further study: the nature of the injury
or illness, the work environment, the state of
the labor market, and employer and workers’
compensation policies.
Work injuries and illness reduce the nation’s
productive capacity and divert resources to
health care. Full assessment of the economic
burden of occupational injuries and illnesses
requires estimation of their impact on gross
domestic product (GDP), tax revenues, growth,
competitiveness, and income distribution.
Research is needed on how the burdens of
occupational injury and illness are shared by
workers, family members, employers, the wider
community, and government. This research
promises to improve incentives for greater
prevention.
Examination of the consequences of workplace
illness and injury by specific condition, injury
type, and hazard, and the degree to which they
may be greater for certain vulnerable worker
groups is needed in order to set research and
prevention priorities.
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Surveillance Research Methods
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Surveillance is the collection, analysis, interpretation, and
dissemination of data describing a health- related event.
Surveillance is critical to effective occupational safety and health
programs. It enables decision makers to identify the problem
and the affected group of workers. Surveillance also describes the
magnitude and severity of an issue and assesses progress made in
reducing the burden of occupational injuries and illnesses. As a
result, surveillance programs create added value by establishing
baseline and trend data, assisting in priority setting, and providing
information to guide research, interventions, control, or prevention.
Surveillance research methods are inherent to the development
and continuing support of health surveillance activities. These
activities include a range of epidemiologic and statistical methods,
tools, approaches, and strategies integral to the development,
maintenance, and enhancement of public and occupational health
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surveillance programs. These methods are developed or adapted
to estimate, enumerate, and describe health-related events, worker
characteristics, workplace environments, and the morbidity,
mortality, and health status of workers in the U.S.
Surveillance and survey methods were well established through
the mid-1990s for monitoring injuries, illnesses, and fatalities on
a national level. Successful federal-state partnerships supported
ongoing fatality evaluations, and case-based surveillance methods
developed between 1987 and 1992 were being tested and evaluated
in states for a variety of occupational concerns. Four challenges,
however, inhibited continued state-of-the-art advancements:
Problems of illness and injury under-recognition
and under-reporting;
Inadequate or non-existent denominator and
economic data;
Inadequate or non-existent data on priority or
vulnerable populations; and
 lack of methods and strategies to identify and
A
track problems among small-scale businesses,
independent contractors, and part-time and
occasional laborers.

A Decade of Progress
Progress in developing surveillance research methods is evident in
a number of team agenda-setting activities.
The NORA Surveillance Research Methods Team was a major
contributor of input for the development of the NIOSH
Surveillance Strategic Plan, advocating (1) strengthening the
case-based surveillance capacity of state health departments and
other state agencies to conduct occupational surveillance, and (2)
promoting effective occupational safety and health surveillance
conducted by employers, unions, and other non-governmental
organizations.
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Team members contributed to The Role of States in a Nationwide
Comprehensive Surveillance System for Work-related Diseases, Injuries
and Hazards and Occupational Health Indicators: A Guide for
Tracking Occupational Health Conditions and Their Determinants
reports. The latter proposes 19 surveillance indicators to guide
states regarding the minimum level of occupational health
surveillance activity. The indicators represent a core set of data
that would assist each state with the development of programs
to prevent workplace injuries and illnesses. NIOSH issued
a Program Announcement to provide states the opportunity
to develop these surveillance indicators to profile the state’s
population health status.
In 2001, the team convened a workshop on Best Practices in
Workplace Surveillance. This workshop was a first step in
implementing the fourth goal of the NIOSH Surveillance
Strategic Plan, to promote effective occupational safety and health
surveillance as conducted by employers, unions, and other nongovernmental organizations. A workshop CD-ROM is available
at the NIOSH Website. Workshop recommendations included:
Expanded surveillance research at national and
state levels;
Adapting or scaling (for small workplaces) of
the surveillance tools and techniques of larger
employers;
Applied surveillance research, integrating the
principles of surveillance, risk management,
and prevention; and
Improve the dissemination research data.

NIOSH co-sponsored a workshop at the 2003 Truck Driver
Occupational Health and Safety Conference. This workshop
stimulated continued collaboration between NIOSH and
transportation experts, leading to NIOSH’s funding the
Occupational Motor Vehicle Safety and Health Research program.
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The team co-sponsored the 2004 workshop on Data Resources
for Occupational Health Surveillance and Research focusing
on the availability of denominator data for specific industry or
occupation sectors; population-based data or establishment-based
data for specific industry or occupation subgroups; how these
data are made available or accessed; and whether these surveys
or programs are amenable to “special supplements” to advance
emerging research and other method development needs (i.e.,
special populations surveillance and research).
The peer-reviewed literature reflects progress to disseminate
surveillance data and develop new surveillance systems. Although
the problems of illness and injury under-recognition and underreporting remain, surveillance data increasingly are used to
identify new research opportunities, evaluate emerging health
issues, and evaluate under-reporting. Although inadequate or
non-existent denominator data remain problems for occupational
disease mortality surveillance, population-based illness and injury
surveillance programs and surveys are adopting methods that
overcome or avoid these limitations. Recent NIOSH reports
demonstrate the adaptability of current surveillance programs to
design and conduct surveys on emerging safety and health issues
and priority populations.
Future Directions
Maintain a strong national surveillance program
to establish priorities. Future surveillance should
(1) maintain ongoing surveillance and disseminate
surveillance data as guided by the NIOSH
Surveillance Strategic Plan, and (2) respond to
emerging occupational health and hazard issues.
Create new program initiatives and projects to
develop and adapt methods for state and nongovernmental partners. New surveillance programs
and research methods are reflected in the NIOSH
Surveillance Strategic Plan and NORA research
priorities for cancer, emerging technologies,
exposure assessment methods, musculoskeletal
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disorders, traumatic injury, reproductive outcomes,
and workplace organization factors.
Link the results from state-level surveillance
to intervention and prevention activities. This
step could produce significant improvements in
occupational safety and health. Recent evaluation
and planning activities reinforce the importance
of expanding and enhancing state-based
occupational surveillance.
Advocate an expanded surveillance research
program that focuses on smaller employment
establishments in a private-sector surveillance
research initiative. An estimated 7 million privatesector establishments employed 115 million
workers in 2001. Establishments with 19 or fewer
employees accounted for 85.7% of all workplaces,
but only 24.1% of all employees. Establishments
with 100 or more employees accounted for only
0.7% of all workplaces, but over 46.8% of all
employees.
Establish Collaborating Surveillance Research
Centers of Excellence to guide the development
of surveillance to prevention practices including
new Research and Development teams that
harness the strengths of occupational health
researchers, non-government organizations,
insurance carriers, and public health agencies.
Specific activities within the Centers should
include: (1) providing technical assistance and
consultation with respect to developing and
evaluating occupational surveillance methods;
(2) establishing outreach programs to identify
specific methodological and research needs,
evaluate occupational surveillance follow-up
methodologies, and develop and evaluate
innovative strategies for improving the quality
and utility of surveillance data; and (3) expanding
surveillance and surveillance research that focuses
on smaller-scale employment establishments.
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