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Preface 
 

 
 
 
 
 
 
 
Conformity assessment is key to ensuring that the products we pur-

chase are effective and perform to specifications; as users we are not ex-
pected to know or be engaged in the actual intricacies of how products 
are tested and verified to make sure that they meet performance require-
ments. This report focuses on conformity assessment for occupational 
personal protective technologies (PPT)—ensuring that PPT are effective  
in preventing or reducing hazardous exposures or situations that workers 
face in their jobs. Because respirators already have an extensive testing 
and conformity assessment process in place, the charge to this committee 
was to address conformity assessment processes for other types of PPT, 
including eye and face protection, gloves, hearing protectors, and protec-
tive clothing.  

The impetus for this study comes from the recommendations of a 
2009 Institute of Medicine and National Research Council report that 
reviewed the PPT Program at the National Institute for Occupational 
Safety and Health (NIOSH). The report identified gaps and inconsisten-
cies in the certification and other conformity assessment processes for 
non-respirator PPT and urged that this issue be further explored.  

As the committee surveyed the current state of conformity assess-
ment for PPT products, it became evident that a number of varied ap-
proaches are currently in place with the involvement of multiple 
organizations and federal agencies. Processes differed in the rigor of the 
testing, the extent of independent third-party involvement in the process, 
requirements for quality manufacturing processes, and follow-up efforts 
to identify post-marketing concerns. The need for a greater emphasis on 
a consistent and risk-based approach to PPT conformity assessment was 
identified as a priority by the committee. In workplaces where there are 
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greater risks to the health and safety of the worker if the PPT product 
does not perform effectively, increased levels of involvement and re-
quirements for independent third-party testing and certification are 
deemed appropriate.  

The NIOSH National Personal Protective Technology Laboratory 
(NPPTL) has a unique role to play as the nation’s focal point for occupa-
tional PPT. NPPTL staff’s depth of expertise is being used effectively in 
respirator testing and certification and in standards development efforts 
for non-respirator PPT. This expertise can be leveraged by increased col-
laborations with other federal agencies and organizations to enhance PPT 
conformity assessment efforts and by NPPTL serving as a central reposi-
tory for research and dissemination of PPT conformity assessment in-
formation.  

In exploring conformity assessment processes and the standards be-
hind them, the committee had the opportunity to engage in discussions 
with a number of dedicated professionals in government agencies and in 
the private sector, who work to develop and improve product standards 
and conformity assessment processes. The committee learned a great 
deal from its April 2010 workshop and in other conversations and greatly 
appreciates the time and effort that the workshop presenters, study spon-
sors, and many others provided in informing this study.  

This report reflects the hard work and careful considerations of a 
dedicated committee. I want to thank each committee member and the 
IOM staff members for working first to get a handle on this complex 
topic and then to carefully consider and discuss the many facets of this 
issue.  

The committee hopes this report will be a step forward in improving 
worker safety and health by ensuring consistent and rigorous testing of 
PPT products, thorough verification that products meet the performance 
criteria, and transparent and widespread dissemination of information on 
certified products.  

 
 
 
 Howard J. Cohen, Chair 
 Committee on the Certification of 
 Personal Protective Technologies 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

xi 
PREPUBLICATION COPY: UNCORRECTED PROOFS 

Contents 
 
 
 
 
 
 
 
 
 
 
SUMMARY  1 
 
1 INTRODUCTION 15 
 Scope of This Report, 16 

Personal Protective Technologies, 18 
Basics of Conformity Assessment, 19 
Why Certify? Why Conform?, 20 
Relevant Agencies and Organizations, 28 
Overview of This Report, 29 
References, 30 

 
2 ROLE OF GOVERNMENT AGENCIES IN 
 CONFORMITY ASSESSMENT 33 
 Standards Development, 35 
 Product Testing, 40 
 Accreditation of Laboratories and Certifying Organizations, 42 
 Declaration of Conformity and Certification, 44 
 Communication: Certification Marks and Labels, 46 
 Incentives and Enforcement, 48 
 Surveillance and Post-Marketing Testing and Evaluation, 49 
 Other Government Roles, 52 
 References, 53 

 
3 CURRENT PPT CONFORMITY ASSESSMENT 
 PROCESSES 57 
 Respirator Certification, 58 
 Healthcare Worker PPT, 62 
 Firefighter and Emergency Responder PPT, 67 
 Ballistic-Resistant Body Armor, 71 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

xii CONTENTS 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

 Hearing Protection Devices, 75 
 Personal Flotation Devices, 78 
 Protective Clothing for Pesticide Operators, 81 
 Other PPT, 82 
 PPE Conformity Assessment in the European Union, 84 
 Summary, 86 
 References, 88 
 
4 IMPACT AND ISSUES IN CONFORMITY 
 ASSESSMENT FOR PPT 91 
 Impact of Conformity Assessment on Safety and Health, 92 
 Conformity Assessment Issues for PPT, 96 
 References, 104 
 
5 CONFORMITY ASSESSMENT FOR NON-RESPIRATOR 
 PPT: A RISK-BASED FRAMEWORK 107 
 Guiding Principles for Conformity Assessment, 107 
 A Tiered Approach to PPT Conformity Assessment, 111 
 References, 115 
 
6 FINDINGS AND RECOMMENDATIONS 117 
 A Comprehensive Risk-Based Framework for PPT 
 Conformity Assessment, 117 
 Research, Surveillance, and Communication, 121 
 
7 TOWARD A COMPREHENSIVE APPROACH TO SAFE AND 

EFFECTIVE PERSONAL PROTECTIVE TECHNOLOGIES 
FOR WORKERS 127 

 Reference, 128 
 
APPENDIXES 
A Agendas of Public Meetings 129 
B Workshop Participants 139 
C Biographical Sketches of Committee Members 145 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

xiii 
PREPUBLICATION COPY: UNCORRECTED PROOFS 

Acronyms 
 
 
 
 
 
 
 
 
 
 
 
 
AAMI Association for the Advancement of Medical 

Instrumentation 
AIHA American Industrial Hygiene Association 
ANSI American National Standards Institute 
ASSE American Society of Safety Engineers 
ASTM originally, the American Society for Testing and 

Materials, now ASTM International 
 
BVP  Bulletproof Vest Partnership 
 
CBRN  chemical, biological, radiological, and nuclear 
CDC  Centers for Disease Control and Prevention 
CEL  Certified Equipment List 
CFR  Code of Federal Regulations 
CSA  Canadian Standards Association  
CSPC  Consumer Product Safety Commission 
 
DHS  Department of Homeland Security 
DoD  Department of Defense 
DOJ  Department of Justice 
DOL  Department of Labor 
 
EC  European Commission 
EEC  European Economic Community 
EPA  Environmental Protection Agency 
EU  European Union 
 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

xiv ACRONYMS 
 
FAR  Federal Acquisition Regulations 
FDA  Food and Drug Administration 
FFFIPP Fire Fighter Fatality Investigation and Prevention 

Program 
 
GAO Government Accountability Office (prior to 2004,  

General Accounting Office)  
 
HECC  Hockey Equipment Certification Council 
HEROES Homeland Emergency Response Operational and 

Equipment Systems 
HHE  Health Hazard Evaluation 
HHS  U.S. Department of Health and Human Services  
 
IAB  InterAgency Board for Equipment Standardization and 

Interoperability 
IAFF  International Association of Fire Fighters 
IEC   International Electrotechnical Commission 
IOM  Institute of Medicine 
ISEA  International Safety Equipment Association 
ISO  International Organization for Standardization 
 
MAUDE Manufacturer and User Device Experience 
MedSun FDA Medical Product Safety Network 
MedWatch FDA Safety Information and Adverse Event Reporting 

Program 
MSHA  Mine Safety and Health Administration 
 
NCSCI National Center for Standards and Certification 

Information 
NEISS  National Electronic Injury Surveillance System 
NFPA  National Fire Protection Association 
NIJ   National Institute of Justice 
NIOSH  National Institute for Occupational Safety and Health 
NIST  National Institute of Standards and Technology 
NLECTC National Law Enforcement and Corrections Technology 

Center 
NORA  National Occupational Research Agenda 
NPPTL  National Personal Protective Technology Laboratory 
NRC  National Research Council 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

ACRONYMS xv 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

NRR  noise reduction rating 
NRTL  Nationally Recognized Testing Laboratories 
NTTAA National Technology Transfer and Advancement Act  
NVFC National Volunteer Fire Council 
NVLAP  National Voluntary Laboratory Accreditation Program 
 
OMB  Office of Management and Budget 
OSHA  Occupational Safety and Health Administration 
 
PFD  personal flotation device 
PMA  premarket approval application  
PPE  personal protective equipment 
PPT  personal protective technologies 
 
QA  quality assurance 
 
SCBA  self-contained breathing apparatus 
SCSR  self-contained self-rescuer (respirator) 
SEI  Safety Equipment Institute 
SENSOR Sentinel Event Notification System for Occupational 

Risks 
 
UL  Underwriters Laboratories 
USBM  U.S. Bureau of Mines 
USCG  U.S. Coast Guard 
USDA  U.S. Department of Agriculture 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

1 
PREPUBLICATION COPY: UNCORRECTED PROOFS 

 
 

Summary 
 
 

 
 
 
 
 
 
 
 

When you purchase a product, you expect it to work. Construction 
workers on high-rise buildings need to be confident that their safety har-
nesses will arrest a fall. Firefighters need to know that their gloves and 
other protective equipment can withstand high temperatures. Healthcare 
workers administering highly toxic chemotherapy agents need to know 
that their gloves will withstand penetration. For personal protective tech-
nologies (PPT)—where the major purpose of the product is to protect the 
wearer against a hazard—a deficit in product effectiveness can mean in-
jury, illness, or death. Examining the extent to which products meet spe-
cific performance or design criteria is the focus of conformity assessment 
efforts. For PPT conformity assessment, the ultimate goal is preventing 
worker illness, injury, or death from hazardous working conditions.  

In 2009, the National Institute for Occupational Safety and Health 
(NIOSH) requested that the Institute of Medicine convene an expert 
committee to assess the certification or conformity assessment mecha-
nisms needed to ensure the efficacy and effectiveness of non-respirator 
personal protective technologies (Box S-1). 
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2 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 

 
BOX S-1 

Committee on the Certification of Personal Protective  
Technologies Statement of Task 

 
The Institute of Medicine (IOM) will convene an expert committee to assess 
the certification* mechanisms needed to ensure the efficacy of non-respirator 
personal protective technologies (PPT). National Institute for Occupational 
Safety and Health certification of respirators has had a significant positive im-
pact on the quality of respirators available in the workplace; however, there is 
no analogous federal process for ensuring certification of the efficacy of non-
respirator PPT (e.g., eye protection, hearing protection, medical masks, pro-
tective clothing).  
  
The IOM committee will examine various approaches to certification (e.g., fed-
eral laboratory certification, third-party certification, federal certification of non-
governmental laboratories) and will make recommendations on certifying non-
respirator PPT. As part of its data-gathering efforts, the committee will plan 
and conduct a public workshop to examine the various approaches used to 
certify the efficacy of other types of products used for protection (e.g., bullet-
proof vests, personal flotation devices) as well as to examine relevant stan-
dards and regulations and the benefits of certification to worker safety.  
  
The context for the study will emphasize efforts to certify personal protec-
tive technologies (other than respirators) for healthcare workers during an in-
fluenza pandemic, although the effort will be relevant to other types and uses 
of PPT.  
  
A report will be issued that includes the committee's recommendations on 
mechanisms for certifying and ensuring the efficacy of non-respirator PPT.  
 
______________________ 

*Defined broadly to encompass conformity assessment. 
 

 
 

WHY CERTIFY? WHY CONFORM? 
 

 Although safety and health professionals rank it low on the hierarchy 
of hazard controls, personal protective technologies continue to provide 
the primary means of risk reduction in workplace settings where risks or 
exposures change rapidly, where process change or engineering controls 
are deemed to be impractical (e.g., construction, maritime), or where ex-
posures are poorly characterized (e.g., spill response, hazardous waste 
remediation, firefighting). Approximately 5 million U.S. workers are 
required to wear respirators in 1.3 million U.S. workplaces. In some oc-
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SUMMARY 3 
 
cupations, such as construction and firefighting, PPT is the primary or 
only line of defense against hazardous exposure. PPT effectiveness can 
be seen every day in the survival and lack of harm experienced by most 
firefighters. In 2008, U.S. firefighters responded to 1,451,500 calls and 
suffered 36,595 injuries and 29 deaths on scene at fire incidents. 

Conformity assessment in the arena of occupational health has sev-
eral advantages for the various stakeholders involved, from the manufac-
turer who designs and builds the product, to the consumer comparing 
features of the product to make a decision to purchase, and to the regula-
tor who must assess claims about product design or performance. For the 
consumer, conformity assessment provides confidence in the claims 
made about the product by the manufacturer and may assist the consumer 
with purchasing decisions in determining the fitness of a product for its 
intended use. Conformity assessment may also allow the consumer or 
worker to differentiate among product choices with confidence in the 
labeling claims, have confidence a product meets a specific performance 
standard, and understand the limitations of its use or benefit.  
 
 

WHAT’S INVOLVED IN CONFORMITY ASSESSMENT? 
 

Conformity assessment is defined as the “demonstration that speci-
fied requirements relating to a product, process, system, person, or body 
are fulfilled.” The broad array of conformity assessment activities in-
volve manufacturers, distributors, purchasers, end users, testing laborato-
ries, certifying organizations, accrediting organizations, and government 
agencies. In discussions on product conformity assessment, the term first 
party refers to the manufacturer, second party to the purchaser, and third 
party to an independent entity, which is neither the seller nor the buyer.  

Conformity assessment processes for products in the marketplace is 
focused on product effectiveness—verifying and ensuring that a product 
meets specific criteria. To make this happen, conformity assessment in-
volves the following components: 

 
• Standards—A prerequisite to conformity assessment—well-

defined criteria must be in place so that there is a measure 
against which to assess the product. 

 
• Testing or inspection—The product is subjected to the required 

assessments.  
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• Accreditation—Accreditation ensures that testing and certifying 
procedures are being carried out properly and that testing labora-
tories, certifying organizations, and other entities are evaluated.  

• Attesting to conformity assessment—An entity has the responsi-
bility for examining the test results and attesting to whether the 
product met the requirements or standards.  

• Communication—Purchasers need to be able to identify which 
products meet the test criteria.  

• Post-marketing testing and evaluation and health surveillance— 
Post-marketing testing and evaluation involves the ongoing 
process of monitoring product manufacturing and products used 
in the workplace to ensure consistency in the quality and effec-
tiveness of the products and recall of defective products from the 
workplace. Health surveillance includes collecting and analyzing 
data on the impacts of PPT use on the health and safety of workers.  

 
 

THE ROLE OF FEDERAL AGENCIES IN 
CONFORMITY ASSESSMENT 

 
Many U.S. government agencies have been and continue to be active 

in ensuring the consistency and safety of products and services through a 
wide range of activities. The committee explored the range of possible 
roles for federal agencies by examining the current conformity assess-
ment processes for respirators, healthcare worker PPT, firefighter and 
emergency responder PPT, ballistic-resistant body armor, hearing protec-
tive devices, and personal flotation devices (Table S-1).  

The role of federal government agencies ranged from an all-
encompassing role in each phase of conformity assessment (e.g., respira-
tors) to more specific roles such as standardized labeling (e.g., Noise Re-
duction Rating labels for hearing protection devices). Many of the 
variations had multiple roles for government agencies, including specify-
ing or accrediting testing laboratories and certifying organizations. Prod-
ucts that have extensive conformity assessment processes often are those 
whose failure could significantly impact the health or safety of the 
worker.
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TABLE S-1 Summary of Standards and Conformity Assessment Approaches for Selected Examples            PR
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of Personal Protective Technologies (PPT) 
  

 
Respirators 

Healthcare 
Worker 
PPT 

 
Body  

Armor 

 
Firefighter 
PPT 

Hearing 
Protection 
Devices  

Personal  
Flotation 
Devices 

STANDARDS      
Voluntary consensus 
 

      

Government standards     a  
 

TESTING      
First party 
 

    f 

Third party 
 

   b    

DECLARATION OF CONFORMITY ASSESSMENT 
First party—
Manufacturer’s  
declaration 
 

     

Third-party  
certification—Optionalc 
 

  e b   

Third-party  
certification—Mandated 

 d     

NOTE: Second-party processes were not used in the examples described in this report. 
aEnvironmental Protection Agency standards for noise reduction ratings. 
bNot federally mandated, but required to meet NFPA criteria. 
cOptional is used to denote that third-party certification is not mandated by OSHA or other federal regulatory agencies.  
dFood and Drug Administration clearance or approval. 
eNot federally mandated, but required for inclusion on the NIJ Compliant Products List.  
fThird-party oversight of testing.  
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A COMPREHENSIVE RISK-BASED FRAMEWORK  
FOR PPT CONFORMITY ASSESSMENT 

 
Given the wide range of current approaches used to conduct confor-

mity assessment for PPT products, the committee saw the need for a 
structured framework to evaluate products protecting against comparable 
risks. This framework can be used to identify gaps, prioritize resources, 
determine and direct conformity assessment efforts, and ensure consis-
tent conformity assessment approaches. The necessary starting premise 
for PPT conformity assessment is that well-defined and adequate design 
specifications and performance standards with pass–fail criteria are in 
place for these products.  

Developing and designing a framework for PPT conformity assess-
ment should involve the following guiding principles: 

 
• Conformity assessment efforts for PPT should be focused on re-

ducing or eliminating the risks of worker injury, illness, or death; 
therefore the framework should be risk based.  

• End users can provide realistic and practical input into the types 
of equipment needed to protect against job hazards and should be 
involved in developing and implementing conformity assessment 
processes. 

• Adequate standards for product performance, use, and testing 
need to be clearly specified and serve as a prerequisite to con-
formity assessment. 

• The burden and cost of conformity assessment processes need to 
be considered.   

• A total lifecycle approach is needed that includes postmarketing 
testing, evaluation, and surveillance, as well as an effective recall 
system. 

• The conformity assessment process should promote and not in-
hibit product innovation. 
 

The degree of potential risk to the user from the failure of a PPT 
product during use in a specific task should determine the rigor of the 
conformity assessment process, particularly decisions regarding whether 
the process calls for first-, second-, or third-party declaration of confor-
mity. The potential risk is a function of the probability of product failure 
and the impact on user health and safety due to the failure, assuming 
proper use of the product. For instance, if a bullet-proof vest is pene-
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trated by a projectile, the impact can be fatal for the user; therefore, the 
degree of potential risk due to failure is high. The probability of occur-
rence of failure will depend on the task in which the worker is engaged. 
Thus, the potential risk to the safety and health of the worker should be 
the key factor in determining the type of conformity assessment process 
that should be adopted; the greater the risk to the end user in the event of 
product failure, the greater should be the rigor of the conformity assess-
ment process. This could be implemented for PPT used in medium and 
high-risk work environments through independent third-party testing and 
certifying processes.  

Estimates of the occupational health and safety risks due to hazard-
ous exposures can be quantified based on knowledge about the exposure. 
However, health surveillance data on PPT use in the workplace are lim-
ited or missing, including data on the extent and nature of PPT use and 
on adverse outcomes that occur related to PPT use (those that occur due 
to PPT failures, while wearing PPT, and when not wearing PPT in work 
situations requiring PPT use). Without these types of data, there are no 
drivers to draw attention to PPT performance, use, failures, and interface 
problems that could be harmful to workers.  

The proposed framework developed by the committee (Table S-2) 
emphasizes the risk to worker safety and health that would be encoun-
tered if the PPT were not working effectively. It also considers economic 
and other pragmatic factors (e.g., cost of conformance, impediments to 
innovation, risk to manufacturer’s reputation due to poor product quality 
and/or product failure).  
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TABLE S-2 Risk-Based Framework for Non-Respirator Personal Protective Technologies (PPT) Conformity  
Assessment 

 Conformity Assessment Responsibilities 
Degree of 
Risk to the 
User’s 
Safety and 
Healtha 

 
 
 
Product 
Testing 

 
 
 
Accredit 
Testing Labs 

 
 
Declaration of 
Product  
Compliance 

Conduct 
Post-Marketing 
Testing,  Evalua-
tion,  
Surveillance 

 
 
 
Recall 
Products 

 
 
Listing  of  
Certified 
Productsb 

 
 
Institute 
Tracking 
Label 

Provide 
Oversight to the 
Conformity 
Assessment 
Process 

Low First  party Voluntary First  party Voluntary First  party   First  party 

Medium Third party 

 

Third party Third party Third party Third party Federal govt. 
Agency 
 

 
Third party 

High Third party Third party Third party Third party  Third party Federal govt. 
agency 

Third party Federal govt. 
agency 

NOTE: The term third party is used to denote that the responsibility could be carried out by either private-sector organizations or federal 
government agencies that are independent of the product manufacturer. 
govt. = government 
aRisk is based on the potential for illness and injury that would result from failure of the PPT product.  
bListing could provide links to lists of certified products from third-party private-sector and government certifying organizations and 
agencies. 
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RECOMMENDATIONS 
 

A Comprehensive Risk-Based Framework 
for PPT Conformity Assessment 

 
The committee documented the wide range of approaches to PPT 

conformity assessment and the varied nature of government agency in-
volvement in these processes. Current U.S. approaches to occupational 
PPT are fragmented, often by job sector. Little has been done to classify 
PPT products based on a comprehensive risk-based framework. There-
fore, the first step needed for conformity assessment of non-respirator 
PPT products is to establish a framework that will categorize products 
based on the level of risk (low, medium, or high) to the health or safety 
of the worker that could result from failure of the product (equivalent to 
not using PPT), while also considering feasibility, cost, and other prag-
matic factors. Conformity assessment requirements would be detailed for 
each category of products in the framework. Efforts will be needed to 
identify the gaps and inconsistencies in current approaches for specific 
types of PPT, particularly for those in the medium- and high-risk categories.  

 
Recommendation 1: Develop and Implement Risk-Based Con-
formity Assessment Processes for Non-Respirator PPT 

 
The National Institute for Occupational Safety and Health 

(NIOSH) should work with other relevant government agencies, 
certifying and accrediting organizations, manufacturers, and end 
users to develop, implement, and support conformity assessment 
processes for non-respirator PPT. These conformity assessment 
processes should be commensurate with the level of risk of in-
jury, illness, or death that could result from failure of the PPT to 
protect the user from workplace hazards.  

NIOSH’s National Personal Protective Technology Labora-
tory (NPPTL) should serve in a leadership role and convene 
other relevant government agencies, certifying and accrediting 
organizations, manufacturers, and end users to develop and im-
plement a comprehensive, tiered risk-based framework for the 
classification and conformity assessment of PPT products for 
specific applications. This framework should be based on the de-
gree of risk to the safety and health of the user and other factors 
affecting the feasibility of implementing the proposed conformity 
assessment processes. To develop this framework and implement 
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the conformity assessment processes, the committee recommends 
that:  

 
• Components of the tiered PPT conformity assessment 

framework include the following categories and actions:  
 

o Low risk—manufacturer’s attestation to meet relevant 
standards 

o Medium risk—third-party testing and certification 
o High risk—third-party testing and certification with 

government involvement to provide oversight and to as-
sist in enforcement 

 
• Current processes and innovative models (e.g., probabilistic 

models) should be explored, where adequate data exist, for 
assessing the level of risk and incorporating other feasibility 
factors into categorizing PPT; 

• NIOSH NPPTL should work with other relevant federal 
agencies, manufacturers, organizations, and end users to 
identify current gaps and priorities in conformity assessment 
for medium- and high-risk PPT use, and to subsequently be 
engaged in developing and implementing the appropriate 
conformity assessment processes; 

• NPPTL and other government agencies should have the ap-
propriate level of engagement in the conformity assessment 
processes for non-respirator PPT depending on the risk 
level; and  

• Government contracts should specify that PPT used in work 
to fulfill those contracts must meet the requisite level of con-
formity assessment based on the comprehensive risk-based 
PPT framework.  

  
 

Research, Surveillance, and Communication 
 

NPPTL is already substantively involved in many aspects of confor-
mity assessment for non-respirator PPT, particularly voluntary standards 
development and development of test methods. Continued efforts in 
standards setting would be enhanced with NPPTL working with other 
government agencies and stakeholder organizations to encourage and 
promote end-user involvement in the development of voluntary stan-
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dards. As a research agency, NPPTL is well suited to furthering its ongo-
ing efforts to develop test methods and conduct research that contributes 
to the development of voluntary consensus standards and other confor-
mity assessment efforts for improving PPT. In particular the committee 
emphasizes protective ensembles and believes that NPPTL should focus 
efforts on PPT interface and related issues that are important in ensuring 
the effective use of multiple types of PPT or integrated ensembles. A 
new area for exploration could be the development and evaluation of the 
effectiveness of integrated ensembles for healthcare worker infection con-
trol precautions. 
 Increased postmarket testing, evaluation, and surveillance are key 
factors in enhancing PPT products for worker use. The limited availabil-
ity of data on product effectiveness across the lifecyle of PPT products, 
and in particular on PPT use in the workplace (including use of PPT in 
emergency conditions), are currently hindering improvements in PPT 
and PPT conformity assessment processes. A surveillance network that 
draws on and expands current surveillance systems already in place 
could provide information needed to identify workplace tasks where in-
juries, illnesses, or deaths are occurring because of noncompliant and/or 
poorly manufactured PPT, inadequately or incorrectly labeled PPT, PPT 
not being provided by the employer, and/or any end-user performance 
issues associated with PPT (e.g., the incorrect use of PPT due to inade-
quate or improper training that could shed light on PPT training needs).  

The fragmented nature of current PPT conformity assessment has re-
sulted in multiple and diverse sources of information that employers, 
workers, and others need to consult in order to identify certified equip-
ment or find independent information on non-respirator PPT. NPPTL 
currently administers its Certified Equipment List, which details the res-
pirators and respirator components that meet certification criteria. A sin-
gle reputable source for certified PPT products needs to exist for 
consumers (employers and end users) to make informed PPT choices.  

 
Recommendation 2: Enhance Research, Standards Development, 
and Communication  
 

NIOSH NPPTL should continue and expand its role in PPT 
conformity assessment. Specifically, NPPTL should: 
• Continue its involvement in standards-setting processes and 

committees and facilitate end-user participation in voluntary 
consensus performance-based standards; 
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• Expand research efforts on non-respirator PPT (based on 
risk assessment and opportunities) to include further efforts 
to establish standards and to develop test methods;  

• Develop and maintain an online resource (available through 
a website and other sources) that provides access to listings 
of all non-respirator PPT products that meet third-party 
conformity assessment requirements;  

• Expand its role and become the primary clearinghouse for 
reliable information on non-respirator PPT;  

• Fund research and support standards development necessary 
to test and certify protective ensembles, develop criteria for 
standardized interfaces, and flag non-conforming ensemble 
components; and 

• Expand its efforts in influenza pandemic-related research 
and conformity assessment for infection control ensembles. 

 
 

Recommendation 3: Establish a PPT and Occupational Safety 
and Health Surveillance System 
 

NIOSH should work with the Consumer Product Safety 
Commission (CPSC), Food and Drug Administration (FDA), Oc-
cupational Safety and Health Administration (OSHA), third-
party certifying organizations, and other relevant organizations 
to establish an electronic PPT and Occupational Safety and 
Health Surveillance System that includes data on PPT product 
effectiveness in the workplace. This system would involve the col-
lection and analysis of data across the lifecycle of PPT products 
(from design and production to worker use and maintenance) on 
the use of PPT, the failure of PPT, and adverse outcomes (injury, 
illness, fatality) that occur while wearing PPT in the workplace, 
including information on the performance standards assessed 
and adherence to labeling requirements. These efforts should 
collect and analyze data on PPT product effectiveness in the field 
by collaborating with existing surveillance programs and ex-
panding where needed to incorporate data collection on PPT use 
across industries including product recall information. The sur-
veillance system should link to the expanded Certified Equip-
ment List. Potential sources of collaboration include: 
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• Other NIOSH surveillance and data collection systems, in-
cluding the Fatality Assessment and Control Evaluation pro-
gram, health hazard evaluations, and the Sentinel Event 
Notification System for Occupational Risk (SENSOR); 

• CPSC’s recall database, unsafe product reporting system, 
and the National Electronic Injury Surveillance System 
(NEISS); 

• The FDA’s surveillance and adverse event reporting data-
bases, such as the Medical Product Safety Network (Med-
Sun), the FDA Safety Information and Adverse Event 
Reporting Program (Med Watch), and the Manufacturer 
and User Facility Device Experience (MAUDE) database; 
and 

• OSHA’s injury and fatality investigations and surveys to col-
lect information about injuries or illnesses potentially due to 
the failure of PPT. 
 
 

TOWARD A COMPREHENSIVE APPROACH  
TO SAFE AND EFFECTIVE PPT FOR WORKERS 

 
 To address the task of conformity assessment for non-respirator PPT, 
the committee has recommended a tiered risk-based approach that would 
categorize various types of PPT and apply consistent conformity assess-
ment requirements. From the committee’s perspective, this tiered ap-
proach has the advantage of addressing all types of non-respirator PPT 
and raising the quality of PPT conformity assessment. Although imple-
menting this approach will be a major effort, it will incentivize non-
respirator PPT developers and manufacturers to innovate and develop 
new products and technologies expeditiously to further enhance worker 
safety and health.  
 What will it take to make this change happen? First, government 
agencies, employers, workers, and other stakeholders must recognize that 
improving the health and safety of workers is of critical importance and 
impacts both economic and national security. Second, adequate resources 
and staffing will be required of relevant government agencies, labor and 
manufacturing organizations, standards-setting organizations, third-party 
testing and certifying organizations, and others. Third, PPT end users 
must actively participate in the process by providing feedback based on 
experience in using PPT in work and emergency situations. Fourth, de-
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mand for certified products need to be made evident. Professional or-
ganizations specific to various occupations (e.g., Joint Commission) 
must reinforce the requisite conformity assessment processes. Govern-
ment and private-sector contracts need to specify that PPT used in that 
work must meet performance criteria. Finally and most importantly, 
regulatory requirements will largely drive whether change occurs. OSHA 
and the Mine Safety and Health Administration regulations that stipulate 
requirements for third-party testing and certification, where applicable, 
can provide the impetus to drive the change that will result in a more 
consistent, comprehensive, and risk-based approach to PPT conformity 
assessment. This commitment to improve non-respirator PPT by 
strengthening the conformity assessment processes also necessitates an 
equally strong commitment to training and use of PPT. The goal is ensur-
ing and maintaining a safe and healthy workforce.  
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Introduction 
 

 
 
 

 
 
 
 
 

When you purchase a product, you expect it to work. Construction 
workers on high-rise buildings need to be confident that their safety har-
nesses will arrest a fall. Firefighters need to know that their gloves and 
other protective turnout gear can withstand high temperatures. Health-
care workers administering highly toxic chemotherapy agents need to 
know that their gloves will withstand penetration. For personal protective 
technologies (PPT)—where the major purpose of the product is to protect 
the wearer against a hazard—a deficit in product effectiveness can mean 
injury, illness, or death. Examining the extent to which products meet 
specific performance or design criteria is the focus of conformity as-
sessment efforts. For PPT conformity assessment, the ultimate goal is 
preventing worker illness, injury, or death from hazardous working con-
ditions.  

Personal protective technologies, including respirators, gloves, pro-
tective clothing, protective eyewear, and hearing protection, are used by 
workers in many types of worksites. An estimated 5 million workers are 
required to wear respirators in 1.3 million workplaces in the United 
States (OSHA, 2010). The U.S. market for personal protective equipment 
was estimated at approximately $6.4 billion in 2007 (SBI Reports, 2008).  

Currently in the United States, product testing and conformity as-
sessment requirements vary considerably among the various types of 
PPT. This report details the different approaches, examines the various 
roles that government agencies play in all phases of conformity assess-
ment, and provides the committee’s recommendations for future confor-
mity assessment efforts for PPT products.  
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SCOPE OF THIS REPORT 
 

In 2009, the National Institute for Occupational Safety and Health 
(NIOSH) requested that the Institute of Medicine (IOM) convene an ex-
pert committee to assess the certification or conformity assessment 
mechanisms needed to ensure the efficacy and effectiveness1 of non-
respirator personal protective technologies. The IOM committee was 
tasked with examining various approaches to conformity assessment and 
with making recommendations on conformity assessment processes for 
non-respirator PPT (Box 1-1). As part of its data-gathering efforts, the 
committee was asked to plan and conduct a public workshop to examine 
the conformity assessment approaches used for a range of products used 
for protection (e.g., bullet-proof vests, personal flotation devices) as well 
as to examine the benefits of certification to worker safety. The commit-
tee’s task also focused on PPT for healthcare workers during an influ-
enza pandemic with the recognition of the broader implications for 
modifying conformity assessment processes for PPT.  

The committee’s task did not focus on respirator certification be-
cause that is a well-established process codified in federal regulations 
and conducted by the NIOSH National Personal Protective Technology 
Laboratory (NPPTL). Additionally, the committee was not asked to ex-
amine the certification of personnel. Although PPT products are used by 
the general public in settings that range from hobbies to home repair and 
maintenance to protection against infectious disease, this report focuses 
on occupational use and does not specifically address PPT for use by the 
general public.  
 The committee held three meetings from January to July 2010. Two 
of those meetings included public sessions with input from many per-
spectives, including NIOSH staff, other federal agency staff, PPT manu-
facturers, professional association and labor union representatives, 
standards-setting organizations, third-party testing and certifying organi-
zations, and other stakeholders (Appendixes A and B). The public ses-
sions (one of which was organized as a workshop) provided background 
information to the committee; information gained in the presentations is 
referenced in the report. 

 
1Efficacy refers to producing the intended results under optimal conditions of imple-

mentation, such as in a controlled laboratory environment. Effectiveness refers to produc-
ing the intended results under the normal conditions in which the product is used, such as 
in the workplace. 
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 This study follows up on a recommendation of a 2008 IOM and Na-
tional Research Council report that called for “an assessment of the certi-
fication mechanisms needed to ensure the efficacy of all types of PPT” 
(IOM and NRC, 2008, p. 117). Specifically that report called for an as-
sessment of NPPTL’s role in conformity assessment for non-respirator 
PPT and that is one of the areas of focus of this report.  
  
 

  
BOX 1-1 

Committee on the Certification of Personal Protective Technologies 
Statement of Task 

 
The Institute of Medicine (IOM) will convene an expert committee to assess 
the certification* mechanisms needed to ensure the efficacy of non-respirator 
personal protective technologies (PPT). National Institute for Occupational 
Safety and Health certification of respirators has had a significant positive im-
pact on the quality of respirators available in the workplace; however, there is 
no analogous federal process for ensuring certification of the efficacy of non-
respirator PPT (e.g., eye protection, hearing protection, medical masks, pro-
tective clothing).  
  
The IOM committee will examine various approaches to certification (e.g., fed-
eral laboratory certification, third-party certification, federal certification of non-
governmental laboratories) and will make recommendations on certifying non-
respirator PPT. As part of its data-gathering efforts, the committee will plan 
and conduct a public workshop to examine the various approaches used to 
certify the efficacy of other types of products used for protection (e.g., bullet-
proof vests, personal flotation devices) as well as to examine relevant stan-
dards and regulations and the benefits of certification to worker safety.  
  
The context for the study will emphasize efforts to certify personal protec-
tive technologies (other than respirators) for healthcare workers during an in-
fluenza pandemic, although the effort will be relevant to other types and uses 
of PPT.  
  
A report will be issued that includes the committee's recommendations on 
mechanisms for certifying and ensuring the efficacy of non-respirator PPT.  
 
____________________________ 

*Defined broadly to encompass conformity assessment. 
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PERSONAL PROTECTIVE TECHNOLOGIES 
 
 Personal protective technologies are defined as the specialized cloth-
ing or equipment worn by workers for protection against health and 
safety hazards, as well as the technical methods, processes, techniques, 
tools, and materials that support their development, evaluation, and use 
(OSHA, 2002; NIOSH, 2007). The broad umbrella term of PPT is used 
in this report as it includes a wide range of protective products and tech-
nologies, including the personal protective equipment (PPE) work by 
workers (e.g., hearing protection, gloves, protective clothing, respiratory 
protection, protective eyewear, and fall arrest harnesses) as well as tech-
nologies such as service life indicators and filtration. Personal protective 
equipment (PPE) is a subset of PPT and refers specifically to the various 
types of gear worn to prevent injury, illness, or death.  

The use of PPT is a key element of the standard hierarchy of hazard 
control approaches that aims first to eliminate or minimize the risk in the 
work environment, then to modify the work environment or processes, 
and as needed to provide individual protective equipment to workers:  

 
• Substitution—changing the environment to reduce or eliminate 

the hazard;  
• Engineering or environmental controls—modifying the work 

environment (e.g., ventilation fans, negative pressure rooms); 
• Administrative controls—changing the work processes and prac-

tices (e.g., limiting the number of hours worked in a specific 
area); and  

• Personal protective technologies—use of equipment by indi-
viduals to provide protection from work hazards.  

  
Although PPT is generally considered a last line of defense in the hi-

erarchy of protective controls because it relies on the correct individual 
use and fit of protective equipment, in some jobs, such as firefighting, 
PPT is the only means available to minimize exposure to serious hazards.  

Effective use of PPT requires proper selection, use, care, and main-
tenance of the product. For PPT products such as respirators, testing to 
ensure the proper fit (i.e., fit testing) is a critical element of ensuring 
worker safety and is a required component of the comprehensive respira-
tor protection programs required by OSHA for workplaces with respira-
tory hazards.  
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BASICS OF CONFORMITY ASSESSMENT 
 

The International Organization for Standardization defines confor-
mity assessment as the “demonstration that specified requirements relat-
ing to a product, process, system, person, or body are fulfilled” 
(ISO/IEC, 2004). Conformity assessment is thus a broad term that en-
compasses an array of activities conducted by manufacturers, distribu-
tors, purchasers, end users, testing laboratories, certifying organizations, 
accrediting organizations, and government agencies. In discussions on 
product conformity assessment, the term first party refers to the manu-
facturer, second party to the purchaser, and third party to an independent 
entity, which is neither the seller nor the buyer (Breitenberg, 1997a; 
Gillerman, 2004).  
 
 

What’s Involved in Conformity Assessment?  
 
 Conformity assessment for products in the marketplace is focused on 
product effectiveness—verifying and ensuring that a product meets spe-
cific criteria for use in workplaces and other locations. To make this 
happen, conformity assessment involves the following components:  
 

• Standards—A prerequisite to conformity assessment—well-
defined criteria must be in place so that there is a measure 
against which to assess the product.  

• Testing or inspection—The product is subjected to the required 
assessments.  

• Accreditation—Accreditation ensures that testing and certifying 
procedures are being carried out properly and that testing labora-
tories, certifying organizations, and other entities are evaluated.  

• Attesting to conformity assessment—An entity has the responsi-
bility for examining the test results and attesting to whether the 
product meets the requirements or standards.  

• Communication—Purchasers need to be able to identify which 
products meet the test criteria.  

• Post-marketing testing and evaluation and health surveillance—
Post-marketing testing and evaluation involves the ongoing 
process of monitoring product manufacturing and products used 
in the workplace to ensure consistency in the quality and effec-
tiveness of the products and recall of defective products from the 
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workplace. Health surveillance includes collecting and analyzing 
data on the impacts of PPT use on the health and safety of workers.  

 
 Each of these components in conformity assessment is discussed in 
Chapter 2, and the various roles that federal agencies and other organiza-
tions play in each of these areas is explored with specific consideration 
as to what is needed to improve conformity assessment processes for 
non-respirator PPT.  

 
 

WHY CERTIFY? WHY CONFORM? 
 
 

Certification as a Public Health Function 
 

In the 1988 IOM report, The Future of Public Health, the mission of 
public health was described as fulfilling society’s interest in assuring the 
conditions in which people can be healthy (IOM, 1988). Three core func-
tions of public health agencies were described—assessment, policy de-
velopment, and assurance—as means toward achieving that goal. Each 
function has a role in the focus of this current report, certifying personal 
protective technologies.  

Assessment entails gathering data through case reviews or surveil-
lance systems to determine the status of health and safety in specific in-
dustries and occupations. Examples include hazard identification and 
exposure assessment in specific work environments.  

The second public health function, policy development, is the re-
sponse crafted to address threats to safety and health identified in the 
assessment stage. For example, public health policy might be drafted to 
include use of personal protective equipment to minimize hazardous ex-
posure and to prescribe certain performance criteria for that equipment. 

The assurance function includes activities that assure adopted poli-
cies are implemented. Examples include the Occupational Safety and 
Health Administration (OSHA) enforcing the requirement of respirator 
use for workers exposed to an inhalation hazard or the use of gloves for 
workers exposed to bloodborne pathogens. The assurance function also 
includes requiring documentation of conformity to specified performance 
standards for a respirator or glove type. 

Although this report has a focus on personal protective technologies 
with applications in occupational health, and the assurance of standards 
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is a recognized function of the public health system, conformity assessment 
issues arise in part from the international trade community.  
 
 

Conformity Assessment and the Global Economy 
 

With the advancement of international free trade agreements in the 
past several decades, the growth of emerging economies, and the re-
moval of many historical geographic and political trade barriers, the 
marketplace has become global, permitting commercial activity among 
new and diverse partners. Both the number and diversity of new trading 
partners has imposed the need for a common international language with 
which to discuss the buying and selling of goods and services in this in-
creasingly global marketplace. Central to this common language is the 
development and implementation of standards and descriptors of those 
goods and services that allow comparison of products and assist in judg-
ing product value. The elements of standards may describe both design 
and performance criteria, other requirements against which a product can 
be assessed, and test methods. The challenge for manufacturers may arise 
when varying conformity assessment processes and criteria are required 
to enter the marketplace in different countries and regions.  

 
 

Benefits of Conformity Assessment to Manufacturers, 
Consumers, and Regulators 

 
Conformity assessment in the arena of occupational health has sev-

eral advantages for the various stakeholders involved. Conformity as-
sessment provides benefits to any party encountering a product 
throughout its lifecycle, from the manufacturer who designs and builds 
the product, to the consumer comparing features of the product to make a 
decision to purchase, and to the regulator who must assess claims about 
product design or performance.  

Manufacturers may gain valuable quality control feedback by having 
their products assessed for conformity to performance standards, which 
can enable consistency in maintaining product effectiveness. Such activi-
ties may also validate marketing claims for their products. This may dif-
ferentiate their product from a competitor’s, providing a marketing 
advantage. 
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For the consumer, conformity assessment provides confidence in the 
claims made about the product by the manufacturer and may assist the 
consumer with purchasing decisions in determining the fitness of a prod-
uct for its intended use. Conformity assessment may also allow the con-
sumer or worker to differentiate among product choices with confidence 
in the labeling claims, have confidence a product meets a specific per-
formance standard, and understand the limitations of its use or benefit. 

The regulator benefits from the conformity assessment processes by 
having a designated pathway to follow to perform the assurance function 
to determine that product claims are valid and to verify the circumstances 
under which products were manufactured. This process also provides the 
platform from which to enforce health, safety, and environmental regula-
tions pertaining to the product performance and manufacture. 

 
 

Benefits to Worker Safety and Health 
 

Although standards may be an important communication tool in the 
marketplace, providing a common language to use to discuss a product, 
in the public health arena demonstrating a product’s conformity to a 
standard may be the regulatory “floor” on which a minimum level of pro-
tection from hazardous work is built. Conformity to the critical perform-
ance characteristics of personal protective technologies literally has “life 
or death” consequences for the firefighter, for example. 

In considering the need for and benefits of conformity testing for 
PPT, it is helpful to review the rationale for the current requirements for 
such testing for respiratory protection equipment. OSHA, in its 1998 
Respiratory Protection Standard Final Rule, made reference in the Pre-
amble to the meaning and benefits of a certification “mark,” specifically 
that of NIOSH (OSHA, 1998). Having examined the existing require-
ments of the National Fire Protection Association’s (NFPA’s) standards 
that required NIOSH certification for respirators used in firefighting 
(NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Appa-
ratus for Emergency Services), the agency went on to more broadly re-
quire NIOSH certification for compliance with the OSHA respirator 
standard (29 CFR §1910.134). 

Selected quotes from the Preamble (OSHA, 1998) describe the 
agency’s rationale for this decision as informed by the comments re-
ceived from the affected parties, also referenced: 
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Paragraph (d)(1)(ii) requires the employer to select a 
NIOSH-certified respirator and to use the respirator only 
in ways that comply with the conditions of its certifica-
tion. There was little controversy about this requirement, 
and there is no disagreement that respirators must be 
tested and found to be effective before they can be mar-
keted. NIOSH has performed this function in the past 
and has begun to revise its certification requirements to 
ensure that its procedures continue to define the per-
formance capabilities of acceptable respirator models, 
and to identify unacceptable models. The ISEA [Interna-
tional Safety Equipment Association] (Ex. 65–363), the 
trade association that represents most major respirator 
manufacturers, urged OSHA to require that only 
NIOSH-certified respirators be used to comply with this 
standard, and other commenters agreed (Exs. 54–187, 
54–213, 54–387, 54–428). 
 

Not only does NIOSH respirator certification pertain to the original 
selection and purchase of new equipment, but it also addresses the repair 
and maintenance of respirator equipment, according to OSHA (1998): 

 
The final provision of paragraph (h) deals with respirator 
repairs and adjustments. Final paragraph (h)(4) provides 
that respirators that fail inspections, or are otherwise de-
fective, are to be removed from service and discarded, 
repaired, or adjusted according to the specified proce-
dures. In addition, the employer shall ensure that repairs 
or adjustments to respirators are made only by persons 
appropriately trained to do so, and that they use only the 
respirator manufacturer’s NIOSH-approved parts that are 
designed for the particular respirator. The repairs also 
must be made in accordance with the manufacturer’s 
recommendations and specifications. Because compo-
nents such as reducing and admission valves, regulators, 
and alarms are complex and essential to the safe func-
tioning of the respirator, they are required to be adjusted 
and repaired only by the manufacturer or a technician 
trained by the manufacturer.  
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Paragraph (j)—Identification of Filters, Cartridges, and 
Canisters. The Final Rule provides that the employer 
only use filter cartridges and canisters that are labeled 
and color coded with the NIOSH approval label and that 
the label not be removed or made illegible. This is simi-
lar to the parallel requirement in the proposal, which was 
supported by commenters (Exs. 54–361, 54–428, 54–
455). OSHA has modified the proposed language in cer-
tain respects to add compliance flexibility while retain-
ing the original objective, that is, assurance that these 
elements meet NIOSH’s stringent requirements. These 
comments and modifications are discussed below. 
 

Further endorsing the importance of having confidence in the meaning of 
a manufacturer’s labeling, the agency remarked (OSHA, 1998): 
 

The changes from the previous standard recognize that 
employers who use respirators should be able to rely on 
labeling and color coding by respirator manufacturers for 
assurance that the respirators meet NIOSH requirements. 
This position is consistent with that taken by many 
commenters, who noted that the labeling and color cod-
ing of filters are the responsibility of the respirator 
manufacturer (Exs. 54–208, 54–218, 54–219, 54–278, 
54–289) and are required by NIOSH for certification.  
 

Expounding on the benefits that labeling provides in ensuring conformity 
to a standard, OSHA (1998) commented further: 
 

The NIOSH label serves several purposes. It ensures se-
lection of appropriate filters for the contaminants en-
countered in the workplace and permits the employee 
using the respirator to check and confirm that the respi-
rator has the appropriate filters before the respirator is 
used. . . . However, the employee is not the only one 
who uses the color coding and label. Color coding and 
labeling also allow fellow employees, supervisors, and 
the respirator program administrator to readily determine 
that the appropriate filters are being used by the em-
ployee. Cartridges that are appropriate for one operation 
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may be inappropriate for another, and color coding and 
labeling allow respirator users with inappropriate filters 
to be identified in the workplace and potential respira-
tory hazards to be avoided. 

 
OSHA makes the case that reliance on the meaning and assurance of 

a certification mark benefits both workers and employers where respira-
tory protection is used. These comments are also applicable to other 
types of PPT. The progression of conformity assessment efforts in re-
sponse to injuries is illustrated in the efforts made to prevent eye injuries 
to ice hockey players (Box 1-2).  

 
 

BOX 1-2 
Eye Protection for Ice Hockey Players 

 
Eye Injuries 
The progression of conformity assessment efforts is illustrated in the history of 
eye guards and face protection in ice hockey. In Canada, a prospective study 
during the 1974–1975 ice hockey season identified 253 amateur players with eye 
injuries, 37 of whom were legally blinded in one eye due to participation in the 
sport (Pashby et al., 1975). By comparison, a study in the 1983–1984 ice hockey 
season found the incidence of eye injuries in amateur players had declined to 
124 cases, with no face injuries in those wearing certified face protectors 
(Pashby, 1985). In the intervening years several changes had been put in place 
including changes in the penalties for stick infractions and mandatory require-
ments for certified face protectors to be worn by young hockey players. The aver-
age age of players with eye injuries was 14 in 1974–1975, and rose to 24 in 1983–
1984 (Pashby, 1985).  
 
Standards and Certification 
After the early study and other reports (e.g., Horns, 1976; Vinger, 1976), the Ca-
nadian Standards Association (CSA) and ASTM International developed stan-
dards specific to eye and face protection in sports in an attempt to reduce injuries 
and prevent inadequate products from being purchased by the consumer. The 
standards committees consisted of consumers, manufacturers, sports organiza-
tions, and public officials who helped formulate standards for sports eye protec-
tion in the United States and Canada. International standards for head and face 
protection in ice hockey have been developed by the International Organization 
for Standardization (ISO10256, Head and Face Protection for Use in Ice Hockey, 
2003).  
 
Development of standards has been followed in the United States and Canada by 
the implementation of third-party testing and certification requirements for some 
uses of eye-protective equipment for ice hockey. In Canada, CSA International 
(an arm of CSA Group) is responsible for the testing and certification of a number 
of products, including eye protectors. Upon successful completion of the testing 
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and certification of the product, the product receives a CSA certification mark. 
Canada’s Hazardous Products Act prohibits the sale or importation of ice hockey 
helmets and face protectors that do not meet the requirements of the relevant 
standards (CAN/CSA-Z262.1-M90 and CAN 3-Z262.2-M78) (Health Canada, 
2010). Beginning in 1981, the Canadian Amateur Hockey Association made certi-
fied CSA face protection a mandatory requirement for all of its minor players 
(Pashby, 1985).  
 
In the United States, amateur ice hockey equipment is certified by the Hockey 
Equipment Certification Council (HECC), an independent, nonprofit organization 
established in 1978. HECC works through the third-party validating laboratory, 
Intertek Testing Services, to verify that helmets, goal-tenders headgear, full-face 
protectors, and visors meet ASTM or CSA standards (HECC, 2010a). The HECC 
label is affixed to products that meet the required standards. An online listing of 
certified products is available through the HECC website (HECC, 2010b). HECC-
certified equipment is required by USA Hockey, the National Federation of State 
High School Associations, and the National Collegiate Athletic Association 
(facemasks only) (HECC, 2010c).  
 

 
 

U.S. Approach to Standards Development 
and Conformity Assessment 

 
 In the United States, many marketplace transactions rely on the 
manufacturer’s declaration of product conformity (Breitenberg, 
1997b)—in which the interaction is between the buyer and seller with no 
third-party involvement required by the government or private sector. 
However, varying levels of oversight are used for products that may sig-
nificantly impact the health and safety of the consumer (e.g., pharmaceu-
ticals, respirators, personal flotation devices). The use of a 
manufacturer’s self-declaration is generally effective in the United States 
because of several factors: competition among manufacturers, the size of 
the U.S. market, laws regarding truth in labeling and advertising, the 
abundance of product comparison information available to the consumer, 
and the potential for penalties to be imposed by the judicial system for 
products found to be defective (Breitenberg, 1997b).  

Federal legislation, in particular the National Technology Transfer 
and Advancement Act (NTTAA), Public Law 104-113, emphasizes the 
government’s use of voluntary consensus standards and encourages the 
participation of government agency staff in the work of standards devel-
opment organizations in the United States and globally. Specific to con-
formity assessment, the NTTAA specifies that the National Institute of 
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Standards and Technology (NIST) is charged with coordinating federal, 
state, and local conformity assessment efforts with private-sector activi-
ties to eliminate duplication and reduce the complexities of the processes 
(OMB, 1998). 

 
 

Drivers of Conformity Assessment  
 

 Not all products have extensive conformity assessment requirements. 
But for those that do, what drives the considerable investment of time, 
funds, staffing, and other resources necessary to ensure that products go 
through required procedures before reaching the marketplace? 
 Spurring the investment are the incentives for conformity assess-
ment. Reputable manufacturers aim to grow their share of the market by 
striving to maintain and enhance the company’s reputation for producing 
quality products. Taking an active role in developing standards and ad-
hering to conformity assessment procedures can be a major part of qual-
ity assurance efforts. For some products, consumer or purchaser demand 
for certified products is a strong incentive. This demand can translate 
into financial incentives when the requirements for certified products are 
written into purchasing contracts. For example, a number of law en-
forcement departments write specifications into their contracts that they 
will purchase only body armor certified by the National Institute of Jus-
tice and therefore listed on the Body Armor Compliant Products List. 
Grants or contracts that specify that funds can only be awarded if they 
are used to purchase certified equipment are another strong incentive 
(e.g., the Bulletproof Vest Partnership, see Chapter 3). Additionally, a 
competitive market can motivate manufacturers to ensure that their prod-
uct line meets the required conformity assessment procedures and can 
therefore be marketed with the relevant certification mark or label.  
 Beyond incentives, the drivers for conformity assessment include 
requirements for compliance as well as disincentives for noncompliance. 
For example, OSHA regulations stipulate that employers provide 
NIOSH-certified respirators in workplaces with respiratory hazards. Pen-
alties and regulations are in place for a number of conformity assessment 
processes that provide the legal and/or financial ramifications for non-
compliance. However, the use of fraudulent certification marks or mis-
representations of conformity assessment continue to be reported by 
third-party certifying organizations.  
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RELEVANT AGENCIES AND ORGANIZATIONS  
 
 In the United States, the testing, regulation, and use of PPT involve a 
number of government and nongovernmental agencies and organizations. 
In the federal government, oversight responsibilities for the safety of 
consumer products fall under agencies different from those responsible 
for worker health and safety. The Occupational Safety and Health Act of 
1970 created two federal agencies to address civilian worker safety and 
health: NIOSH (in the Department of Health and Human Services, or 
HHS) was designated with responsibilities for relevant research, training, 
and education, and OSHA (within the Department of Labor) for develop-
ing and enforcing workplace safety and health regulations. The Occupa-
tional Safety and Health Act also included the general duty clause 
regarding the duty of employers to ensure safe workplaces.  
 NIOSH conducts and funds research in PPT and plays an integral 
role in the development of relevant voluntary consensus standards for 
many types of PPT. In 2001, the congressional mandate to expand 
NIOSH’s research included a directive for NIOSH to establish a National 
Personal Protective Technology Laboratory (NPPTL). The congressional 
intent, which resulted in the inception of NPPTL in 2001, was outlined in 
Senate Report 106-293:  
 

[I]t has been brought to the Committee’s attention the 
need for design, testing and state-of-the-art equipment 
for this nation’s 50 million miners, firefighters, health-
care, agricultural, and industrial workers. . . . The Com-
mittee encourages NIOSH to carry out research, testing, 
and related activities aimed at protecting workers, who 
respond to public health needs in the event of a terrorist 
incident. The Committee encourages CDC [the Centers 
for Disease Control and Prevention] to organize and imple-
ment a national personal protective equipment laboratory. 
 

 This comprehensive approach to PPT has been an ongoing goal for 
NPPTL, although a large percentage of NPPTL’s current efforts and 
budget are necessary to meet their mandated task of testing and certify-
ing respirators (IOM and NRC, 2008). NPPTL also conducts and funds 
research in non-respirator PPT and is the only federal entity focused 
solely on PPT.  
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 OSHA regulates the use of PPT products in most U.S. workplaces; 
the Mine Safety and Health Administration (MSHA) regulates PPT use 
in the mining industry. As part of the requirements for a comprehensive 
respiratory protection program, OSHA and MSHA require that respira-
tors used by workers must be certified by NIOSH to meet specific per-
formance criteria (29 CFR §1910.134). OSHA also has a general 
regulatory standard (29 CFR §1910.132) and related regulations for the 
maritime, construction, and mining industries that govern all other forms 
of PPT. Several regulatory standards include requirements that occupa-
tional PPT must meet specific voluntary consensus standards. MSHA 
and NIOSH jointly certify respirators for mining applications. 
 Other federal agencies also have a role in testing and improving PPT 
for specific worker groups and the general public. The Consumer Prod-
uct Safety Commission has oversight responsibilities for PPT products 
sold in the consumer retail marketplace. The Department of Defense de-
velops and tests PPT for military applications. The Department of Home-
land Security focuses on emergency response PPT and works to 
coordinate and improve standards and equipment-related issues. The Na-
tional Institute of Justice has responsibilities for certifying body armor 
and other protective technologies for law enforcement officers. The En-
vironmental Protection Agency addresses PPT issues relevant to hearing 
protection, pesticide exposures, and emergency response readiness. The 
Food and Drug Administration (in HHS) has federal regulatory authority 
to provide manufacturers with the approval or clearance to market per-
sonal protective devices used in health care. NIST, within the Depart-
ment of Commerce, is designated to coordinate and assist with standards 
and conformity assessment efforts throughout the government.  
 
 

OVERVIEW OF THIS REPORT 
 

 In the remaining chapters of this report the committee discusses is-
sues related to conformity assessment of PPT and provides its recom-
mendations. Chapter 2 takes a step-by-step approach through each of the 
components of conformity assessment and discusses potential roles for 
government agencies in conformity assessment efforts for non-respirator 
PPT. Chapter 3 provides examples of current approaches to conformity 
assessment for PPT by highlighting the range of diverse approaches cur-
rently in use, including those used for certification of healthcare PPT, 
respirator certification, and certification of body armor for law enforce-
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ment personnel. Chapter 4 examines the limited data available on the 
impact of conformity assessment processes, and then delves into issues 
specific to PPT, including the complexities of certifying protective en-
sembles, user training, and risk assessment. In outlining an approach to 
conformity assessment for non-respirator PPT, the committee provides 
its framework in Chapter 5, and in Chapter 6 outlines its findings and 
recommendations. The report concludes in Chapter 7 with the commit-
tee’s thoughts on opportunities for moving forward in improving con-
formity assessment for non-respirator PPT with the goal of improving 
worker safety and health.  
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Role of Government Agencies 
in Conformity Assessment 

 
 

 

 

 

 

1852 Congress passed a law requiring all commercial steamboats 
to carry a personal flotation device for every passenger on 
board and to set up a Board of Supervising Inspectors 
(Steamboat Act of 1852) 

 
1906 Meat Inspection Act 

U.S. Department of Agriculture became responsible for 
domestic meat inspection  

 
1910 Bureau of Mines was established; developed a program of 

respirator research, performance testing, and analysis (Pub-
lic Law 61-179) 

 
1938 Federal Food, Drug, and Cosmetic Act (Public Law 75-

717) 
Act required new drugs to be shown safe before market-
ing—starting a new system of drug regulation 

 
 
Many U.S. government agencies have been and continue to be active 

in ensuring the consistency and safety of products and services through a 
wide range of activities. This chapter explores the range of possible roles 
for federal agencies, provides examples of how these roles are imple-
mented both for personal protective technologies (PPT) and for other 
consumer and industrial products, and highlights the committee’s 
thoughts on the strengths and limitations of these roles as specifically 
related to improving non-respirator PPT for worker safety and health.  

For many products there is no federal role, or only a limited role, in 
conformity assessment. Many products go directly into the marketplace, 
where consumer preferences, pricing, product recalls, market compliance 
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surveys, and other market forces (e.g., liability, manufacturer reputation) 
help sort out the effective or consumer-preferred products. Products may 
be designed to meet specific voluntary consensus standards, but with 
limited or no testing to see if the product meets the standard. Other prod-
ucts may have little or no production testing or inspection to ensure that 
they continue to meet their design parameters. Products that have exten-
sive conformity assessment processes often are those whose failure could 
significantly impact health or safety.  

In keeping with the study task, this report focuses on the role of 
agencies at the federal level. However, it is important to note that state 
and local government agencies also often play a critical role in standards 
development and conformity assessment. For example, water quality 
testing is largely under state and local jurisdiction (Breitenburg, 1997b; 
EPA, 2010). 

This chapter discusses each of the following conformity assessment 
functions (Figure 2-1) and potential roles for government agencies with 
the committee’s appraisal of the strengths and challenges of those roles 
as it relates to conformity assessment efforts for non-respirator PPT: 

 
• Standards development, a precursor to conformity assessment; 
• Product testing; 
• Accreditation of laboratories and certifying organizations; 
• Declaration of conformity and product certification; 
• Communication;  
• Incentives and enforcement; 
• Surveillance and post-marketing testing and evaluation; and 
• Other roles, including conducting research to inform standards 

and develop test methods, convening of stakeholders, and 
 training.  
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Follow-up efforts
including communication,
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enforcement
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or other
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Second Party

Third Party
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FIGURE 2-1 Overview of conformity assessment options.  
NOTE: CFR = Code of Federal Regulations.  
 
 

STANDARDS DEVELOPMENT 
 

The antecedent to a strong conformity assessment process is having 
rigorous standards in place. Once standards are available that set the cri-
teria for product performance, testing, and test methods, then a confor-
mity assessment process can be developed to assess the product’s ability 
to meet those criteria. Where possible, standards specify performance 
criteria rather than design criteria to allow for greater flexibility in devel-
oping innovative products. In addition to setting the specifications for 
minimum requirements for acceptable products, standards also can pro-
vide a basis for comparing products, as well as outlining preferred ap-
proaches for selection, use, care, and maintenance. Testing methods are 
either referenced or included in the standards along with pass/fail criteria 
so that conformance can be assessed consistently among testing entities 
and determinations can be made regarding the product’s ability to meet 
the required specifications. Standards development organizations and 
government agencies are the two sources for PPT product standards.  
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Voluntary Consensus Standards  
 

Voluntary consensus standards for the manufacturing, performance, 
and testing of products are developed by national and international stan-
dards development organizations. These organizations work through ex-
pert committees consisting of representatives from government agencies, 
manufacturers, employers, academia, and end users. In the United States, 
standards for PPT are developed by ASTM International (formerly 
American Society for Testing and Materials), the Association for the 
Advancement of Medical Instrumentation, and the National Fire Protec-
tion Association (NFPA), as well as by many organizations under the 
auspices of the American National Standards Institute (ANSI), which 
sets the requirements for consensus and balance, oversees the standards 
development process, and approves standards that bear the ANSI name.1 
Among the organizations developing ANSI standards for PPT are the 
American Industrial Hygiene Association, American Society of Safety 
Engineers, American Welding Society, and the International Safety 
Equipment Association. In Canada, PPT standards are developed by the 
Canadian Standards Association (CSA), which is also a third-party certi-
fication body. European standards for PPT are set by the European 
Committee for Standardization (CEN). For some types of PPT, efforts 
are underway to develop international standards through the International 
Organization for Standardization (ISO). 

Each standards development organization has its own sets of rules 
(e.g., frequency of updating standards, membership requirements), with a 
number of the standards organizations receiving ANSI accreditation. 
Some organizations develop test specifications while others develop 
standards that include a set of requirements for conformity assessment 
(e.g., NFPA’s PPT standards specify a requirement for third-party certi-
fication; see Chapter 3).  

Voluntary consensus standards can be used as the basis for govern-
ment conformity assessment programs, such as the Food and Drug Ad-
ministration’s (FDA’s) use of ASTM and other voluntary consensus 
standards for medical devices. Additionally, voluntary consensus stan-
dards may be specified in government regulations, such as Occupational 
Safety and Health Administration (OSHA) requirements for protective 

 
1Although it does not develop standards itself, ANSI is recognized as the nationals 

standards body of the United States, and administers the U.S. participation in interna-
tional standards bodies such as the International Organization for Standardization (ISO) 
and International Electrotechnical Commission (IEC), where membership is by country.  
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helmets to meet ANSI Z89.1 standards (29 CFR §1910.135). Govern-
ment agency staff members often participate in the development of vol-
untary consensus standards, and in some cases take leadership roles in 
moving these standards through the consensus process. National Personal 
Protective Technology Laboratory (NPPTL) staff members actively par-
ticipate in voluntary standards development by serving on a number of 
standards committees for ASTM, ANSI, ISO, and NFPA (Box 2-1).  

In general, the voluntary standards organization has no vested inter-
est or specific role to play in the testing of PPT. Some certified products 
will have the name of the standards organization on its label (e.g., 
NFPA), while others will use the certifying organization’s or accredited 
testing laboratory’s mark on their product label (e.g., the “UL” mark 
from Underwriters Laboratories).  

 
 

 
BOX 2-1 

Examples of NPPTL Participation in Voluntary Standards 
and Guidelines Development  

 
AIHA committees on respiratory protection and protective clothing and equip-
ment  
ANSI committee on eye and face protection  
ANSI Z88 committees on respiratory protection  
ASTM E54 committees on homeland security applications 
ASTM E56 committee on nanotechnology 
ASTM F23 committees on personal protective clothing and equipment  
IAB committees on equipment standardization for homeland security 
ISO committees on respiratory protection, human factors, and eye and face 
protection 
NFPA technical committees on fire-protective clothing, respiratory protection, 
and safety equipment 
NIJ Special Technical Committee on law enforcement CBRN protective ensem-
bles 
 
NOTES: AIHA = American Industrial Hygiene Association; ANSI = American 
National Standards Institute; ASTM = ASTM International (formerly the Ameri-
can Society for Testing and Materials); IAB = InterAgency Board for Equipment 
Standardization and Interoperability; ISO = International Organization for Stan-
dardization; NFPA = National Fire Protection Association; NIJ = National Insti-
tute of Justice. 
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Government Standards 
 

For some products, state or federal government agencies have the re-
sponsibility for developing and revising design, performance, and testing 
standards. These are often the result of long-standing legislatively man-
dated commitments (e.g., personal flotation devices regulations, respira-
tor regulations, hearing protection ratings) or are in areas where federal 
agencies have specific responsibilities often not filled by other organiza-
tions.  

As will be discussed in Chapter 3, testing and certification require-
ments for respirators are detailed in the Code of Federal Regulations 
(CFR) in 42 CFR Part 84. The National Institute for Occupational Safety 
and Health’s (NIOSH’s) NPPTL is responsible for drafting and submit-
ting changes to the regulations through the federal rulemaking processes. 
Respirator regulations are often specific for each class of respirators 
(e.g., air-purifying, self-contained breathing apparatus). NIOSH has 
adopted a modular approach to updating the respirator regulations and is 
involved in various stages of the rulemaking process on changes to spe-
cific sections. Other standards developed by government agencies in-
clude the military specifications and military standards developed and 
used by the U.S. Department of Defense (DoD); DoD continues to move 
toward increased use of voluntary consensus standards and commercial 
specifications where available (GAO, 1994).  

Government’s involvement in conformity assessment often involves 
a combination of federal requirements and voluntary consensus stan-
dards. Environmental Protection Agency (EPA) regulations require that 
hearing protective devices be tested according to an ANSI standard, 
while the requirements regarding noise reduction ratings for hearing pro-
tective devices are detailed in federal regulations found in 40 CFR Part 
211. The FDA’s process for approving medical devices incorporates vol-
untary consensus standards into FDA guidance documents. Similarly, the 
National Institute of Justice (NIJ) standards for ballistic-resistant body 
armor are detailed in NIJ standards documents.  

 
 

Committee Comments 
 

One of the challenges of using codified government standards or 
regulations is the amount of time and effort required to propose and im-
plement changes. Changes to the CFR go through multiple cycles of 
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comment, revision, and changes. The slow process can stifle innovation. 
For example, manufacturers who develop novel types of respirators that 
do not meet an existing set of regulations for a class of respirators (e.g., 
liquid air self-contained breathing apparatus or supplied air suits) cannot 
currently obtain NIOSH approval. The products therefore cannot be sold 
and used in workplaces with limited exceptions. Barriers to frequent re-
visions may also have an impact on available resources. For example, the 
CFR schedule which details financial fees charged to manufacturers for 
respirator testing has not changed since 1972 and is inadequate for meet-
ing current costs of respirator testing and certification (IOM and NRC, 
2008). Other parts of the NIOSH budget are therefore being used to ad-
dress those costs.  

Innovative technologies and products that are developed to mitigate 
new hazards or the same hazard in a different environment are often the 
genesis of new voluntary consensus standards, which can provide per-
formance criteria in a timely manner. For non-respirator PPT standards, 
development of voluntary consensus standards is the preferred avenue. 
Although these standards can also take time to develop and revise (e.g., 
NFPA standards are normally on a 5-year rotating revision plan), new 
standards can be added or revisions made to adapt to innovations in the 
marketplace. The National Technology Transfer and Advancement Act 
(Public Law 104-113) encourages federal government agencies to be in-
volved in relevant voluntary consensus standards development. NPPTL 
is active in this area, and efforts to continue this involvement are encour-
aged.  

The committee emphasizes the need for standards to be performance-
based, to the extent possible, to allow for greater innovation than design-
based requirements. Pass–fail criteria and detailed test methods are keys 
to ensuring consistent testing and reporting. Increased attention is being 
paid to issues of integrating the various types of PPT into wearable and 
effective PPT ensembles, as will be further discussed in Chapter 4. 

The development of valid standards that have relevant application to 
PPT use in the workplace requires input from a wide range of stake-
holders. Often voluntary standards organizations have difficulty achiev-
ing proper balance in their standards committees as parties other than 
manufacturers, particularly end users, may have financial constraints that 
do not allow them to attend meetings. ANSI accreditation of standards 
development organizations includes the requirement for balanced com-
mittees and stipulates that it is incumbent upon the standards develop-
ment organizations to maintain this balance. Innovative methods need to 
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be used that allow other groups such as end users to participate in stan-
dards development in order to achieve meaningful results. The commit-
tee is optimistic that, with new communication tools (e.g., remote/virtual 
meetings), voluntary standards will achieve such balance. Where NPPTL 
or other government agencies choose to directly participate in voluntary 
standards committees, committee balance and underrepresentation of key 
interest groups needs careful consideration.  

 
 

PRODUCT TESTING 
 

Testing to meet product standards is conducted either in-house, by 
the manufacturer or purchaser, or by an independent third-party labora-
tory, each of which may be an accredited laboratory. Some certifying 
organizations (e.g., UL) have accredited in-house testing facilities and 
others (e.g., SEI) use outside accredited third-party laboratories. Valid 
product testing follows specific testing methodologies outlined in the 
standards or in other approved documents. Independent testing laborato-
ries can be private, public, nonprofit, or for-profit.  

First-party testing is conducted by the product manufacturer. Many 
manufacturing companies have extensive testing facilities and test their 
own products and those of their competitors. In many cases, when prod-
uct testing is performed through a first-party laboratory paradigm, it is 
done in situations where low risk is associated with noncompliance. If 
users are dissatisfied with the product, they can purchase another product 
or brand in the marketplace. Generally, the government is not involved in 
this type of testing or assessment. For example, a consumer product, such 
as cell phone batteries, may undergo internal testing only, or the manu-
facturer may decide to get input from an independent third-party testing 
and certification process, to determine if the batteries conform to Insti-
tute of Electrical and Electronics Engineers (IEEE) standards (UL, 
2010). The batteries pose low hazardous risk to the consumers and, if 
dissatisfied with the product, consumers can purchase other brands.  

Second-party testing is conducted by the retailer or the purchaser. 
Although not as common as first- or third-party testing, some retailers 
put considerable resources into verifying that the product meets the re-
quirements (e.g., lead levels in children’s toys) through second-party 
testing. 

Third-party testing is conducted by an independent laboratory or cer-
tifying organization. In many cases third-party testing is done by private-
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sector laboratories, although this work is also conducted by government 
laboratories. For example, Underwriters Laboratories (UL) and Safety 
Equipment Institute (SEI) conduct or oversee third-party testing and of-
fer voluntary third-party certification programs for protective helmets 
and eyewear (testing to meet ANSI and ASTM standards). For body ar-
mor, private-sector laboratories are approved by the National Law En-
forcement and Corrections Technology Center to conduct testing. 
Government laboratory testing includes respirator testing at NPPTL.  

For some non-PPT products and marketable goods, federal and state 
government agencies are also involved in inspections that involve as-
sessments of product characteristics that do not need laboratory testing or 
are not easily tested in the lab (Gillerman, 2004). Federal responsibilities 
can involve both laboratory testing and onsite inspections. For example, 
federal and state meat inspection procedures involve onsite inspections 
of slaughtering or processing facilities and live animal and carcass in-
spections as well as laboratory tests of tissue samples (USDA, 2008).  
 
 

Committee Comments 
 

Independent testing by accredited third-party laboratories and certi-
fying organizations provides greater and more transparent assurance that 
the product meets the required criteria; this is especially important for 
PPT used to reduce moderate to high risk of worker injury or illness. One 
major reason for government agencies to do the testing is to provide an 
independent assessment of the product. However, for most products this 
role can also be filled by accredited third-party private-sector laborato-
ries and certifying organizations. Issues such as fees for product testing 
are more easily handled and updated in private-sector organizations.  

NPPTL devotes a significant portion of its resources to do rigorous 
testing and the associated conformity assessment efforts for respirators. 
As noted above, challenges in this process include updating the manufac-
turer fee schedules because the schedules are part of federal regulations. 
From the committee’s perspective, NPPTL can use its extensive exper-
tise in PPT to effectively provide input on product testing processes in-
cluding research on test methods.   
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ACCREDITATION OF LABORATORIES AND 
CERTIFYING ORGANIZATIONS 

 
Accreditation organizations verify whether the testing laboratory or 

certifying organization is equipped and capable of performing the re-
quired test methods and evaluations and whether it meets other opera-
tional requirements that include independence, staff qualifications, strong 
quality assurance programs, and acceptable recordkeeping requirements 
(Breitenberg, 1991; Gillerman, 2004). International standards for ac-
creditation are detailed in ISO standards, e.g., ISO 17025:2005 and ISO 
Guide 65 (ISO, 1996, 2005). In addition to laboratory accreditation, 
which is done by federal, state, local, and private-sector programs, there 
are also organizations that accredit the accrediting bodies and ensure a 
further level of adherence to quality testing and certification processes. 
NFPA standards require that the certifying organizations and the accred-
iting bodies be accredited to meet ISO standards, but do not specify 
which organization is used to conduct the accreditations. NFPA stan-
dards state that the certifying organization shall be “accredited for per-
sonal protective equipment in accordance with ISO Guide 65, General 
Requirements for Bodies Operating Certification Systems. The accredita-
tion shall be issued by an accreditation body operating in accordance 
with ISO 17011, General Requirements for Accreditation Bodies Accred-
iting Conformity Assessment Bodies” (NFPA 1994). In the private sector 
there are accreditation bodies, such as the American National Standards 
Institute (ANSI) and the American Association for Laboratory Accredita-
tion (A2LA) that accredit testing laboratories and certification bodies to 
ISO 17025 and ISO 65. 

Several laboratory accreditation programs are operated by federal 
agencies (Breitenberg, 1991). OSHA’s Nationally Recognized Testing 
Laboratories (NRTL) program accredits third-party, private-sector labo-
ratories that test (and often certify) electrical equipment and other work-
place materials (OSHA, 2010b). Under this voluntary program, each 
NRTL-accredited laboratory must be reviewed at least once every 5 
years. The NRTL program specifies the product standards used in testing 
and requires that the laboratories be independent of the product’s manu-
facturer, supplier, and vendor. Laboratories accredited in the NRTL pro-
gram are required to perform inspections of factory production runs and 
conduct field inspections to ensure that the certifier’s identifying mark or 
label is present on the product. The NRTL program is available for labo-
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ratories in the United States as well as internationally if that foreign 
country accepts U.S. certification.  

The National Institute of Standards and Technology (NIST) conducts 
the National Voluntary Laboratory Accreditation Program (NVLAP). 
This program accredits laboratories to conduct one or more of a wide 
range of testing or calibration protocols. Accreditation programs under 
NVLAP include those for chemical calibration, information technology 
security testing, personal body armor, energy-efficient light products, 
thermal insulation materials, and a wide variety of commercial products 
(NIST, 2010). The NVLAP accreditation program is available for par-
ticipation by commercial laboratories, manufacturer’s in-house laborato-
ries, university laboratories, and government laboratories. Each 
laboratory must renew its accreditation annually. 

In addition to federal programs, there are a number of private-sector 
for-profit and not-for-profit laboratory accreditation programs. The Con-
sumer Product Safety Commission (CPSC), for example, mandates that 
third-party testing laboratories must be accredited by an International 
Laboratory Accreditation Cooperation–Mutual Recognition Arrangement 
signatory accrediting body and the accreditation must be registered with 
and accepted by the CPSC (CPSC, 2010a).  
 
 

Committee Comments 
 
 The committee identified a number of organizations that accredit 
laboratories and certifying organizations to test and certify non-respirator 
PPT. For future new conformity assessment processes for these products, 
the committee believes the primary stipulation could be that accrediting 
laboratories and certifying organizations meet ANSI/ISO standards for 
quality assurance. 
 
 

DECLARATION OF CONFORMITY 
AND CERTIFICATION 

 
Who declares or attests that the product meets the requirements and 

standards? What data are used to attest to the conformity? These ques-
tions have many varied answers. Certain products pose little risk to the 
end user, and in those cases the consumer and the marketplace sort out 
the high-quality products from those of low quality. For some products it 
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is easy for the consumer to determine if the product works consistently 
over time, but for other products the only way to know if a product will 
be effective is to test it. Consumers need verification that tests have been 
conducted, and that the product has met the expected criteria. The at-
testation or declaration of conformity can be done by the manufacturer 
(first party), by the purchaser (second party), or by an independent third 
party.  

 
 

First-Party Declaration of Conformity 
 
For many products sold in the United States, the manufacturer de-

clares that the product conforms to relevant requirements and meets the 
industry standards. This declaration is based in some cases on data gen-
erated in the manufacturer’s laboratory and in other cases on data gener-
ated by a third-party testing laboratory. For example, manufacturers of 
hearing protective devices attest to the noise reduction level. Although a 
manufacturer’s declaration is often termed self-certification, as noted 
below, the term certification is more narrowly defined.  

 
 

Second-Party Declaration of Conformity 
 

Purchasers become involved in conformity assessment, particularly 
when they serve as a link between the manufacturer and the general pub-
lic or end-user consumer. Wholesalers or retailers may verify that a 
product meets standards before putting the merchandise on store shelves. 
Second-party declarations may also be made by manufacturers who ver-
ify and attest that the component parts from other manufacturers meet the 
requisite standards and can thus enter the assembly process.  

 
 

Third-Party Declaration of Conformity  
 

Although the term certification is often used interchangeably and 
colloquially to encompass all forms of conformity assessment, the term 
has a much more specific definition that requires independent third-party 
involvement. ISO defines certification as “third-party attestation related 
to product, processes, systems, or persons,” with attestation defined as 
the “issue of a statement, based on a decision following review that ful-
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fillment of specified requirements has been demonstrated” (ISO/IEC, 
2004). Certification encompasses both a verification of testing data and 
follow-up product and manufacturing audits. Third-party attestation of 
conformity provides the verification by an organization that is not the 
seller or buyer and thus offers a more independent appraisal. Third-party 
declaration is based in some cases on testing or inspection data from the 
manufacturer, and in other cases on data generated by a third-party test-
ing laboratory.  

Examples of the range of approaches include the FDA’s drug ap-
proval process, which provides an assessment by FDA reviewers of data 
supplied by the pharmaceutical or medical device manufacturers or re-
lated entities (see Chapter 3). The NIOSH respirator certification process 
conducted by NPPTL follows a different model in which the testing is 
done by the government laboratory charged with verifying that the prod-
ucts meet the requisite standards. In both processes there are post-
marketing testing and evaluation components including product audits 
and manufacturing site audits. Requirements and timelines for recertifi-
cation vary.  
 
 

Committee Comments 
 

The committee believes each conformity declaration approach has 
value. Each serves a purpose, depending on the type of product and the 
nature of the marketplace. Given that most PPT products are designed 
specifically to prevent worker illness, injury, or death, third-party certifi-
cation (declaration of conformity) would be the preferred approach. In-
dependent verification and attestation that the product meets the requisite 
standards gives increased assurance to the worker of product effective-
ness. Currently, many approaches to conformity assessment for non-
respirator PPT require only first-party declaration of conformity. For ex-
ample, OSHA regulations for protective helmets used in the workplace 
require that the products meet a specific standard, but third-party certifi-
cation is not required. Voluntary third-party certification is available 
from several private-sector testing and certifying organizations. For ex-
ample, SEI and UL offer certification programs for protective helmets 
and fall protection harnesses. Manufacturers can have their products cer-
tified and thus meet employer and worker demands for certified fall pre-
vention equipment. Further efforts are needed to explore whether third-
party certification should be federally mandated for some non-respirator 
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PPT products or what incentives could be put in place to encourage third-
party testing and certification.  

 
 

COMMUNICATION: CERTIFICATION MARKS 
AND LABELS 

 
Because the entire conformity assessment process is focused on get-

ting safe and effective products to the end users and consumers, informed 
purchasing decisions need to be made—and communication is critical. 
Purchasers need to know what products have been deemed to meet the 
relevant standards and what products have not. Communicating confor-
mity assessment generally takes the form of either a certification mark or 
the inclusion of the product on a list of certified or approved products. 
Additionally, certificates of conformity are used to indicate that all es-
sential characteristics of the product have been assessed and have met 
certain standards. The owner of the certification mark is responsible for 
the certification, including determining the requirements for certification. 
Certification marks are often, but not always, registered marks with the 
U.S. Patent and Trademark Office (Breitenberg, 1997a; USPTO, 2010). 
Many private-sector organizations have a specific logo or mark; for ex-
ample, the Woolmark issued by Australian Wool Innovation Limited 
attests to wool quality and performance criteria (AWI, 2010). Private-
sector PPT-related certification marks include the UL, SEI, and CSA 
designations.  

According to the U.S. Patent and Trademark Office, three types of 
certification marks are used: (1) those that certify goods or services 
originating from a certain region (e.g., Florida orange juice); (2) those 
that certify goods or services that meet certain quality, material, safety, 
or manufacturing standards; and (3) those that certify the maker of the 
product or service (e.g., work or labor performed by a member of a un-
ion) (USPTO, 2010). The certification mark does not need specific word-
ing—in fact, a design can used. The accompanying proof of conformity, 
however, should indicate: “the identity of the certification body (and any 
other testing body if applicable) and any relationship that the body(s) 
may have to the manufacturer; the lot, batch, or other production infor-
mation to allow traceability to the production source and time of produc-
tion; the date when the certificate was issued; and the officer of the 
company responsible for its issuance” (Breitenberg, 1997a). In addition, 
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the supplier, type or model number, and all important safety and mainte-
nance instructions should be included.  

Government agencies can issue certification marks; for example, the 
Federal Communications Commission uses a mark for computers and 
other electronics (FCC, 2010). Detailed certification labels are used by 
NIJ and NIOSH to denote certified products. These agencies also use 
online lists of certified products as another way to communicate which 
products have met testing criteria. The NIOSH Certified Equipment List 
provides details on certified respirators, including the related components 
(NIOSH, 2010d); NIJ’s Body Armor Compliant Products List also pro-
vides product information (NIJ, 2010). The InterAgency Board for 
Equipment Standardization and Interoperability (IAB)2 provides a Stan-
dardized Equipment List through the Responder Knowledge Base on its 
website as a guideline for local, state, and federal responder units in-
volved in preparing for and responding to hazardous events (IAB, 2010). 
Private-sector third-party certifying organizations, such as SEI, UL and 
CSA, also maintain online certified product lists. Public listing is re-
quired as part of meeting the ISO requirements to receive accreditation 
as a certifying entity. 

A major challenge in conformity assessment is enforcing the certifi-
cation mark and identifying and policing fraudulent use. NIOSH has had 
several occasions in recent years in which respirators with labels that 
indicated NIOSH certification were determined not to be NIOSH-
certified products. In those cases, NIOSH has contacted the manufactur-
ers of mislabeled products and required the product to be relabeled or 
recalled. NPPTL staff have also sent out user notices and posted the in-
formation identifying the fraudulent respirators on the NIOSH website 
(NIOSH, 2010c). Manufacturers of certified products are often vigilant 
in identifying non-certified products offered by their competitors.  

 
 

Committee Comments 
 

Communication about certified products is a valuable role for gov-
ernment agencies to fulfill because the agencies can provide websites or 
other tools that offer lists of certified products from multiple certifying 

 
2Founded by the DoD and the Department of Justice in 1998, the IAB brings together 

local, state, and federal agencies and organizations to prepare for and respond to emer-
gencies and disasters. The IAB focuses on issues relevant to interoperability, compatibil-
ity, and standardization of response equipment and processes.  
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organizations. No comprehensive list is currently available of non-
respirator PPT products that meet the required standards or other regula-
tions. In December 2009, NPPTL released its Respirator Trusted Source 
Information Page (NIOSH, 2010a). A similar effort with a central data-
base website for other types of PPT would be a valuable resource. An 
information source would be especially important for small and large 
employers that may not be affiliated with a consolidated purchasing ar-
rangement, for self-employed individuals, and for low-wage temporary 
workers so they can make informed decisions about quality PPT. Manu-
facturers also have responsibilities to provide product use instructions 
that can readily be understood. 

 
 

INCENTIVES AND ENFORCEMENT 
 

Investing in and adhering to conformity assessment processes can be 
driven by positive incentives or by legal mandates or penalties. Worker, 
union, and employer demand for certified products is one of the positive 
driving forces for fire protection PPT. Local fire departments often stipu-
late that contracts be awarded for PPT products that meet NFPA stan-
dards as evidenced by third-party testing and certification. Similarly, 
financial incentives can include stipulations in federal contracts that only 
certified products can be purchased using federal grant funds (see Chap-
ter 4). This is demonstrated by the success of the Bulletproof Vest Part-
nership Program with the Department of Justice (DOJ, 2010). Since 
1999, more than 13,000 jurisdictions have participated in the Bulletproof 
Vest Partnership Program, which provides matching funds to law en-
forcement agencies if they purchase body armor from the NIJ Compliant 
Product List (NIJ, 2010). The Department of Homeland Security (DHS) 
also requires that all emergency response equipment purchased with 
grant funds must be on the IAB’s Authorized Equipment List.  

Some government agencies have the jurisdiction to issue regulatory 
requirements, issue stop use alerts, or impose penalties for the use of 
noncompliant products. For example, OSHA requires workplaces to use 
NIOSH-certified respirators and U.S. Coast Guard-approved personal 
flotation devices, and can issue citations and penalties for noncompli-
ance. Both the CPSC and the EPA have the authority to impose fines for 
noncompliance with safety standards.  
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NIOSH does not have regulatory authority for nonrespirator PPT and 
can not require or enforce requirements for conformity assessment proc-
esses. Current OSHA regulations specify the voluntary consensus stan-
dards that should be met for various types of non-respirator PPT (see, 
e.g., Table 3-8), but do not specify a requirement for conformity assess-
ment processes to ensure that those standards are being met. If deemed 
appropriate for other types of PPT (particularly PPT used in medium- 
and high-risk work environments), OSHA and the Mine Safety and 
Health Administration could establish regulations requiring third-party 
declaration of conformity (certification).  

 
 

SURVEILLANCE AND POST-MARKETING TESTING 
AND EVALUATION 

 
Monitoring to ensure ongoing compliance is an integral part of third-

party certification and is also built into other conformity assessment sys-
tems. Pre- and post-marketing testing and evaluation efforts include the 
manufacturing and product audits conducted on the products and manu-
facturing sites (Gillerman, 2004). Product assessments may include test-
ing of products selected at random from retailers or from the production 
line. These ongoing efforts help ensure consistency in product quality 
and aim to avoid selection bias, that is, having manufacturers choose a 
“golden sample” for analysis.  

In addition, health surveillance efforts are needed to assess the im-
pact on the health and safety of the worker. Occupational health surveil-
lance is defined as the systematic collection and analysis of occupational 
injuries, illnesses, hazards, and exposures (NIOSH, 2010e).  

The FDA, for example, has several communication avenues for the 
reporting and communication of adverse events and conducts manufac-
turing and import inspections. The NIOSH respirator certification pro-
gram involves both site and product audits in addition to several specific 
follow-up programs (see Chapter 3). New initiatives for body armor are 
requiring further efforts in post-market testing and evaluation. As dis-
cussed in Box 2-2, the CPSC is tasked with oversight of the safety of 
thousands of consumer products, including PPT for the general public. 
To conduct surveillance and post-marketing follow-up, CPSC has several 
data collection systems in place that allow consumers to report problems 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

50 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 
with unsafe products directly through an online reporting system (CPSC, 
2010b) and that collect data on emergency room visits in which con-
sumer products are involved through the National Electronic Injury Sur-
veillance System (CPSC, 2010c). These systems serve as examples of the 
potential for comparable efforts in occupational health surveillance 
and/or may be areas of collaboration in collecting worker safety informa-
tion relevant to PPT. 

  
 

 
BOX 2-2 

CPSC Product Safety Surveillance 
 

With an annual average of 23,000 deaths and more than 32.7 million injuries as-
sociated with consumer products, the Consumer Product Safety Commission 
(CPSC) is responsible for regulating 15,000 consumer products to protect Ameri-
cans from unreasonable risk of injury (CPSC, 2003). The CPSC is tasked with 
identifying hazards; developing and monitoring safety standards; compliance and 
enforcement; public outreach; and intergovernmental coordination (CPSC, 2009). 
In late 2007, toy manufacturers were required to recall millions of toys due to 
hazardous lead levels and unsafe toy components (Merle, 2007). The extensive 
toy recalls and increasing public concern surrounding toy safety led Congress to 
pass the Consumer Product Safety Improvement Act (Public Law 110-314) in 
August 2008. It included a mandate for third-party testing for certain children’s 
products. 
 
The wide scope of products under the purview of the CPSC has necessitated the 
development of a number of surveillance mechanisms, including the National 
Electronic Injury Surveillance System, which is in place in many hospital emer-
gency rooms to transmit incident information regarding product-related events. 
Incident information can be transmitted electronically, in some cases within 24 
hours after an occurrence. The CPSC also reviews mortality data in the form of 
approximately 8,700 death certificates annually covering unintentional product-
related deaths. Consumers, manufacturers, healthcare professionals, and others 
can also report product problems directly through the CPSC website (CPSC, 
2010b).  
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Only limited data exist on the performance of PPT in the workplace. 
Data are needed so that problems with PPT performance or use can be 
identified and resolved. The committee believes that stronger and more 
comprehensive efforts to collect and analyze health surveillance data are 
needed, particularly on PPT use in the workplace and adverse outcomes 
associated with the non-use of PPT, defective PPT, whether the PPT was 
certified or not, any issues with PPT misbranding or adulteration, and/or 
end-user issues with PPT.  

NPPTL is currently exploring health surveillance opportunities rele-
vant to PPT use. Several ongoing surveillance or data collection efforts 
possibly could be expanded to allow for collection of information on 
PPT and PPT use in the workplace including NIOSH surveillance activi-
ties such as the Fatality Assessment and Control Evaluation (FACE) pro-
gram, health hazard evaluations, and the Sentinel Event Notification 
System for Occupational Risk (SENSOR). Health hazard evaluations 
conducted by NIOSH offer another opportunity for information on PPT 
use. For example, in 2008 a health hazard evaluation was conducted to 
evaluate potential hazards associated with repackaging of reflective glass 
beads; safety glasses were recommended to prevent eye injury (NIOSH, 
2008). NIOSH also conducts follow-up investigations, including a recent 
evaluation of healthcare respirators in California (NIOSH, 2010b). More 
information on the extent and nature of PPT use in the workplace would 
inform improvements in both PPT products and their use.  

Workplace injury and illness reporting systems may be another po-
tential source of information. Currently, the OSHA Injury and Illness 
Recordkeeping Standard (29 CFR §1904) mandates that injuries and ill-
nesses are recorded on the OSHA 300 form, which gathers one to two 
lines of information on the injury. The OSHA forms are employer-based 
systems, which could be modified to collect data about PPT use, misuse, 
or failure. Additionally, the Bureau of Labor Statistics conducts an an-
nual Survey of Occupational Injuries and Illnesses that requests informa-
tion from a stratified sample of employers on injuries and illnesses listed 
on the OSHA 300 log. This survey could be another source for PPT in-
formation if that data were required.  
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OTHER GOVERNMENT ROLES 
 

Federal agencies are active in a number of other roles that facilitate 
and provide the foundation for conformity assessment efforts, including 
research, training, and convening roles. Additionally, as mentioned 
above, serving as an information clearinghouse to provide a reliable 
source of information on PPT selection, use, care, and maintenance is a 
critically important role.  

 
 

Research 
 

Federal agencies often play a vital role in conducting or funding re-
search efforts that provide the foundation for test methodologies or that 
illuminate the criteria needed to assess a product’s effectiveness in real-
world use. In part this may be research that is not of high interest to indi-
vidual manufacturers, or the market niche may be so narrow for some 
types of PPT that federal agencies are best suited as funders. In addition 
to strengthening the conformity assessment process, these types of re-
search are vital to protecting worker safety and health and are needed for 
reducing liability risk for purchasers and manufacturers.  

NPPTL has been active in research on test methods in a number of 
areas, including chemical permeation through protective clothing materi-
als. A partnership involving NPPTL, NIST, and North Carolina State 
University conducted interlaboratory testing and validation of the stored-
energy test method; stored-energy testing is needed to avoid skin burns 
when wearing firefighter turnout gear. This ASTM standard will be con-
sidered for incorporation into the next edition of NFPA 1971, Standard 
on Protective Ensembles for Structural Fire Fighting and Proximity Fire 
Fighting.  

As discussed in Chapter 4, research is needed on testing methods and 
standards criteria for protective ensembles and the interface among mul-
tiple types of PPT (e.g., respirator, hearing protection, eye protection, 
protective helmet).  

 
 

Convening Role 
 

Another role for federal agencies is in convening the range of stake-
holders involved in specific issues and promoting discussion among the 
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groups. Currently NPPTL holds an annual stakeholder meeting as well as 
a number of other public meetings to receive input on specific issues. 
Discussions with stakeholders, including end users, regarding conformity 
assessment for non-respirator PPT would be valuable.  

 
 

Training 
 

PPT effectiveness is highly dependent on the consistent provision of 
PPT by the employer and the correct use of PPT; therefore end-user edu-
cation and training is critical. Consistent and performance-based training 
can have a large impact on the selection, use, care, and maintenance of 
PPT. OSHA has extensive requirements for training of employees who 
use respirator protection (29 CFR §1910.134); similar efforts for non-
respirator PPT training and certification of training personnel could be 
explored.  

 
 

REFERENCES 
 
AWI (Australian Wool Innovation Limited). 2010. Australian Wool Innovation 

Limited. http://www.wool.com (accessed August 10, 2010). 
Breitenberg, M.A. 1991. Laboratory accreditation activities in the United 

States, NISTIR 91-4576. http://gsi.nist.gov/global/docs/pubs/NISTIR_4576. 
4576.pdf (accessed October 7, 2010). 

Breitenberg, M. 1997a. The ABC’s of the U.S. conformity assessment system. 
NISTIR 6014. http://ts.nist.gov/Standards/Conformity/primer.cfm (accessed 
September 27, 2010).  

Breitenburg, M. 1997b. The U.S. certification system from a governmental per-
spective. NISTIR 6077. Gaithersburg, MD: National Institute of Standards 
and Technology. 

CPSC (Consumer Product Safety Commission). 2003. CPSC strategic plan. 
http://www.cpsc.gov/cpscpub/pubs/reports/2003strategic.pdf (accessed May 
14, 2010). 

CPSC. 2009. CPSC 2009 annual report. http://www.cpsc.gov/cpscpub/pubs/ 
reports/2009rpt.pdf (accessed May 17, 2010). 

CPSC. 2010a. CPSC registration for third party testing laboratories user’s 
guide. http://www.cpsc.gov/about/cpsia/labreguserguide.pdf (accessed Sep-
tember 28, 2010).  

CPSC. 2010b. Report unsafe products. http://www.cpsc.gov/talk.html (accessed 
October 1, 2010).  

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

54 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 
CPSC. 2010c. National Electronic Injury Surveillance System. http://www.cpsc. 

gov/library/neiss.html (accessed October 1, 2010).  
DOJ (U.S. Department of Justice). 2010. Bulletproof vest partnership. 

http://www.ojp.usdoj.gov/bvpbasi/ (accessed May 4, 2010). 
EPA (Environmental Protection Agency). 2010. Clean Water Act enforcement. 

http://www.epa.gov/oecaerth/civil/cwa/index.html (accessed September 28, 
2010). 

FCC (Federal Communications Commission). 2010. Equipment authorization. 
http://www.fcc.gov/oet/ea/procedures.html#sec2 (accessed October 4, 
2010).  

GAO (U.S. General Accounting Office). 1994. Acquisition reform: DoD begins 
program to reform specifications and standards. GAO/NSIAD-95-14. 
Washington, DC: GAO.  

Gillerman, G. 2004. Making the confidence connection. ASTM International 
Standardization News. December. http://www.astm.org/SNEWS/ 
DECEMBER_2004/gillerman_dec04.html (accessed August 9, 2010).  

IAB (InterAgency Board for Equipment Standardization and Interoperability). 
2010. Standardized equipment list. https://iab.gov/SEL.aspx (accessed July 
30, 2010).  

IOM and NRC (Institute of Medicine and National Research Council). 2008. 
The Personal Protective Technology Program at NIOSH. Washington, DC: 
The National Academies Press.  

ISO/IEC (International Organization for Standardization/International 
Electrotechnical Commission). 1996. General requirements for bodies op-
erating product certification systems. ISO/IEC Guide 65.  

ISO/IEC. 2004. Conformity assessment – Vocabulary and general principles. 
ISO/IEC 17000:2004.  

ISO/IEC. 2005. General requirements for the competence of testing and calibra-
tion laboratories. ISO/IEC 17025.  

Merle, R. 2007. Mattel recalls more Chinese-made toys. The Washington Post, 
August 15. 

NIJ (National Institute of Justice). 2010. Models that comply with the NIJ 
standard-0101.06 for ballistic-resistance of body armor. http://www. 
 justnet.org/pages/BallisticCPL.aspx (accessed May 19, 2010). 

NIOSH (National Institute for Occupational Safety and Health). 2008. Evalua-
tion of employees’ chemical exposures while blending and repackaging 
glass beads for road markings. HETA 2008-0017-3095. 
http://www.cdc.gov/niosh/hhe/reports/pdfs/2008-0017-3095.pdf (accessed 
August 9, 2010).  

NIOSH. 2010a. Respirator trusted-source information page. http://www.cdc. 
gov/niosh/npptl/topics/respirators/disp_part/RespSource.html (accessed July 
30, 2010). 

NIOSH. 2010b. NIOSH investigation of 3M Model 8000 filtering facepiece 
respirators as requested by the California Occupational Safety and Health 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

http://www.cdc.gov/niosh/hhe/reports/pdfs/2008-0017-3095.pdf


Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

ROLE OF GOVERNMENT AGENCIES IN CONFORMITY ASSESSMENT 55 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

Administration, Division of Occupational Safety and Health. HETA 2010-
0044-3109. http://www.cdc.gov/niosh/hhe/reports/pdfs/2010-0044-3109.pdf 
(accessed July 30, 2010).  

NIOSH. 2010c. NIOSH respirator user notices. http://www.cdc.gov/niosh/npptl/ 
usernotices (accessed August 17, 2010).  

NIOSH. 2010d. Certified equipment list. http://www.cdc.gov/niosh/npptl/topics/respirator 
(accessed August 9, 2010).  

NIOSH. 2010e. Surveillance. http://www.cdc.gov/niosh/topics/surveillance (ac-
cessed October 5, 2010). 

NIST (National Institute of Standards and Technology). 2010. National Volun-
tary Laboratory Accreditation Program. http://ts.nist.gov/standards/ 
accreditation/index.cfm (accessed September 28, 2010). 

OSHA (Occupational Safety and Health Administration). 2010a. OSHA forms 
for recording work-related injuries and illnesses. http://www. 
osha.gov/recordkeeping/new-osha300form1-1-04.pdf (accessed September 
28, 2010).  

OSHA. 2010b. Nationally recognized testing laboratories.  http://www.osha. 
gov/dts/otpca/nrtl/index.html (accessed September 28, 2010).  

UL (Underwriters Laboratories). 2010. CTIA Battery Certification Program. 
http://www.ul.com/global/eng/pages/offerings/industries/hightech/batteries/
program/ (accessed August 4, 2010).  

USDA (U.S. Department of Agriculture). 2008. http://www.fsis.usda.gov/ 
Fact_Sheets/Slaughter_Inspection_101/index.asp (accessed August 10, 
2010).  

USPTO (U.S. Patent and Trademark Office). 2010. Trademark manual of exam-
ining procedure – 6th ed., rev. 2: Service marks, collective marks, and certi-
fication marks. Washington, DC: USPTO. http://tess2.uspto.gov/tmdb/ 
tmep/1300.htm 

http://www.osha.gov/dts/otpca/nrtl/index.html


Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

57 
PREPUBLICATION COPY: UNCORRECTED PROOFS 

3 
 

Current PPT Conformity 
Assessment Processes 

 
 
 
 
 
 
 
 
 
 
The employer shall select and provide an appropriate respirator 
based on the respiratory hazard(s) to which the worker is exposed 
and workplace and user factors that affect respirator performance 
and reliability. The employer shall select a NIOSH-certified respira-
tor. The respirator shall be used in compliance with the conditions of 
its certification 
 29 CFR §1910.134(d)  
 
All compliant product that are labeled as being compliant with this 
standard shall meet or exceed all applicable requirements specified 
in this standard and shall be certified.  
 NFPA, 1971, Protective Ensembles for Structural Fire Fighting 

and Proximity Fire Fighting 
 

Because workers face a wide range of hazards in the workplace, the 
types of personal protective technologies (PPT) used to prevent or reduce 
exposures, injuries, or fatalities differ widely among occupations. Re-
quirements for thermal and respiratory protection needed by firefighters 
differ from fall protection needed on high-rise construction sites, which 
differ from the dermal and respiratory protection needed by agricultural 
pesticide operators.  

The committee was charged with examining a variety of approaches 
used to conduct conformity assessment efforts. This chapter provides 
overviews of several approaches to conformity assessment, specifically 
those for respirators, healthcare worker PPT, firefighter and emergency 
responder PPT, ballistic-resistant body armor, hearing protection devices, 
personal flotation devices, and PPT for pesticide operators. For each, the 
process is described briefly, and the committee’s assessment is provided 
on the strengths and weaknesses of these approaches particularly as they 
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relate to conformity assessment for non-respirator PPT. The chapter also 
briefly discusses the conformity assessment approach used in the Euro-
pean Union for PPT products. These examples provide the details for the 
steps in the conformity assessment process described in Chapter 2 and 
throughout the remainder of the report.  

 
 

RESPIRATOR CERTIFICATION 
 

The National Institute for Occupational Safety and Health (NIOSH) 
is the principal governmental agency with responsibility for testing and 
certifying respirators. Certification testing and related research is con-
ducted at NIOSH’s National Personal Protective Technology Laboratory 
(NPPTL) in Pittsburgh, PA. NIOSH’s work in post-marketing testing and 
evaluation efforts, including product and manufacturing audits, is also 
conducted by NPPTL. Testing and certification requirements are detailed 
in federal regulations (42 CFR Part 84). 

The U.S. federal government has been involved in evaluating respi-
ratory protection since the early 1900s. With the Organic Act of 1910 
(Public Law 61-179), the U.S. Bureau of Mines (USBM) was founded to 
deal with a wave of catastrophic mine disasters. Early goals of the 
USBM were aimed at determining whether fatalities from coal mine ex-
plosions were caused by injury or suffocation. The mission of the Bureau 
of Mines expanded over the years to testing and certifying respirators. 
The USBM was solely responsible for testing and certifying respirators 
until NIOSH was established in 1971 with a broader health and safety 
focus on all occupations. In 2001, NIOSH received a congressional man-
date to expand occupational safety and health research. As part of this 
direction, NIOSH established NPPTL as a new laboratory focused on 
PPT and responsible for respirator certification.  

 
 

Standards  
 

Standards for respirator testing and certification are set in the federal 
regulations as part of the Code of Federal Regulations (CFR). In 1972 
NIOSH and USBM jointly published updated respirator certification 
regulations as 30 CFR Part 11. NIOSH undertook primary responsibility 
for performance testing of respirators in 1973. Respirator responsibilities 
for USBM, and subsequently the Mine Safety and Health Administration 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

CURRENT PPT CONFORMITY ASSESSMENT PROCESSES 59 
 
(MSHA), focused on products and issues specific to mining applications. 
In the early 1980s, NIOSH, MSHA, and the respirator stakeholder com-
munity revised the regulations to meet changing needs in the workplace. 
The resulting new regulations, 42 CFR Part 84, were first published for 
public comment in August 1987 and finalized in 1995. Efforts to change 
the regulations involve a complex and lengthy federal rule-making proc-
ess often taking at least 2 to 3 years and often much longer, from devel-
opment of the performance criteria and background documents, through 
the comment period and revisions, to enactment of the Final Rule (IOM 
and NRC, 2008). NPPTL is currently revising the regulations by using a 
modular approach that addresses changes to specific sections, with the 
goal of completing two regulatory modules per year (IOM and NRC, 
2008).   
 
 

Conformity Assessment 
 

The conformity assessment process for respirators is a third-party 
certification effort, with all phases conducted by NIOSH. Respirator 
manufacturers register with NIOSH to obtain a manufacturer’s code, 
which allows for quality assurance evaluations. Samples are sent by the 
manufacturers to NPPTL and undergo a series of test procedures that 
vary depending on the category of respirator. Tests include evaluations 
of filter efficiency, determination of exhalation valve leakage, and 
evaluations of breathing resistance (NIOSH, 2010a). The goal for turn-
around time for testing is no more than 90 days (IOM and NRC, 2008). 
NPPTL is currently undergoing International Organization for standardi-
zation (ISO) accreditation as a testing laboratory. Manufacturers may 
also send prototypes of upcoming products and receive results on how 
they performed in testing. Respirators and respirator components that 
meet the testing criteria are listed on the NIOSH Certified Equipment 
List, and manufacturers are given approval to affix the NIOSH certified 
label to their products.  

NIOSH conducts site and product audits, although program resources 
for these purposes are limited (IOM and NRC, 2008). Each manufactur-
ing site undergoes a site audit at least every 2 years. Additionally, 
NIOSH has a product auditing program where a limited number of respi-
rators are purchased commercially and then tested. Self-contained, self-
rescuer respirators used in mining environments are routinely pulled 
from the workplace and tested by NIOSH. The agency also tests certain 
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respirators that have been alleged to be defective by wearers or others 
(e.g., a recent study examined N95 respirators submitted by the state of 
California [NIOSH, 2010b]), and runs a Certified Product Investigation 
Process. Once a respirator is certified, the manufacturer is not required to 
resubmit the device for further testing unless modifications are made. 
Manufacturers are charged a fee for testing and certification; however, 
fees are based on 1972 fee schedules and do not reflect NIOSH’s total 
costs for performing this work (IOM and NRC, 2008). 

 
 

Requirements and Incentives 
 

The Occupational Safety and Health Administration (OSHA) re-
quires that all respirators used in workplaces be NIOSH certified. OSHA 
also requires a complete respiratory protection program at the worksite, 
including fit testing of respirators where relevant (29 CFR §1910.134). 
OSHA’s penalties for infractions—in addition to the demand by employ-
ers, workers, and unions for certified respirators—work to ensure that the 
products purchased for employee use are NIOSH certified. Responsible 
manufacturers also make efforts to ensure that their products meet the 
testing criteria and are certified. 

Although funds for post-market evaluations are limited, NIOSH has 
recently identified several respirators for which the manufacturer made 
fraudulent claims of NIOSH certification (NIOSH, 2010c). NIOSH 
NPPTL can revoke certification and, to the extent possible, actively 
pursues these cases to make sure that the labeling is changed or that the 
devices are removed from the marketplace. As noted in the 2008 Institute 
of Medicine (IOM) and National Research Council (NRC) report, which 
assessed the NIOSH PPT Program, post-marketing evaluation and efforts 
to disseminate revocation notifications need to be expanded.  

 
 

Committee Comments 
 

NPPTL conducts rigorous testing of respirators and is actively involved 
in updates to respirator standards. The respirator conformity assessment 
process (summarized in Table 3-1) involves an active role for NPPTL in 
all phases of the process including post-marketing testing and evaluation 
of respirators (albeit with limited funds for this purpose) with extensive 
stakeholder input into all phases of the conformity assessment efforts 
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(IOM and NRC, 2008). In 2007, 81 percent of applications for air-
purifying and air-supplied respirator certification were processed within 
90 days1 (IOM and NRC, 2008). However, this federally intensive proc-
ess presents challenges. NIOSH testing standards are slow to change due 
to tedious legal requirements, and as a result, the overall process can tend 
to stifle innovation. Furthermore, this extensive certification process is 
resource intensive. Given that the costs are not covered by the fees 
charged to manufacturers, it is unlikely that future NIOSH budgets will 
have enough funding to extend the current testing and certification model 
used for respirators to other types of PPT (e.g., protective clothing). Re-
garding the shortfall in respirator certification fees, a recent IOM/NRC 
committee concluded, “NIOSH should revise the respirator certification 
fee schedules so that certification fees paid by respirator manufacturers 
fully cover the cost of certification. NIOSH’s research budget for PPT 
research should not be eroded by the costs of certification” (IOM and 
NRC, 2008, p. 15).  

 
 

TABLE 3-1 Overview of the Conformity Assessment Process for Res-
pirators  
Standards 
 

Government regulations (42 CFR Part 84) 

Testing 
 

Third party: NIOSH 

Attestation of conformity assessment 
 

Third party: NIOSH certification 

Laboratory accreditation 
 

ISO 17025 accreditation of NPPTL in 
progress 
 

Surveillance and post-market testing and 
evaluation 
 

NIOSH NPPTL conducts manufacturing 
and product audits, respirator equipment 
investigations, Long-Term Field Evalua-
tion program for mine escape respirators, 
and the Firefighter Fatality Investigation 
and Prevention Program 
 

Incentives/enforcement 
 

OSHA requires NIOSH-certified respira-
tors in the workplace  

 

                                                 
1The committee did not have comparison data on the average length of time required 

for other (nonrespirator) certification processes.   
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HEALTHCARE WORKER PPT 
 

The Food and Drug Administration (FDA) has federal regulatory au-
thority to ensure the safety and effectiveness of medications and medical 
devices brought to market in the United States. PPT for healthcare work-
ers are considered medical devices and are subject to FDA evaluation 
and oversight.  
 
 

Standards 
 
 The standards for healthcare PPT include those issued by ASTM In-
ternational, the American National Standards Institute (ANSI), the Asso-
ciation for the Advancement of Medical Instrumentation, and others. The 
FDA recognizes voluntary consensus standards and incorporates them 
into its guidance documents for manufacturers of medical devices. The 
standards are not codified in federal regulations. Federal regulations for 
healthcare PPT provide a broad description of the product and identify 
the medical device class (e.g., 21 CFR §880.6265, examination glove).   

 
 

Conformity Assessment 
 

The FDA categorizes medical devices into three classes associated 
with low, intermediate, and high risk to patients or users of the device; 
specific approval processes are defined for each class (FDA, 2010). Class 
I devices are considered low risk. This category includes items such as 
tongue blades, shoe covers, caps, and patient examination and surgery 
gloves (Box 3-1). Class II devices are deemed intermediate risk. PPT in 
this category include surgical gowns, surgical masks, and respirators. 
Class III devices are deemed high risk and include those devices that are 
“life-supporting or life-sustaining, or for a use which is of substantial 
importance in preventing impairment of human health, or if the device 
presents a potential unreasonable risk of illness or injury” (21 CFR 
§860.3). Implantable cardiac pacemakers, breast implants, and cochlear 
implants are among these devices.  
 The class to which a medical device is assigned determines the proc-
ess by which the FDA evaluates safety and effectiveness. All medical 
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BOX 3-1 

Medical Gloves 
 
Medical gloves, including those used for surgery and medical examination, are 
Class I medical devices, but manufacturers are required to submit a 510(k) ap-
plication prior to bringing product to market. Manufacturers must be in compli-
ance with general controls and Good Manufacturing Practices for medical glove 
manufacture. Broadly, this includes quality management and organization, de-
vice design, production and process controls, packaging and labeling controls, 
device evaluation, distribution, complaint handling, servicing, and records.  
 
FDA requires that manufacturers of surgeon and medical examination gloves 
demonstrate substantial equivalence to gloves already approved for market. 
Voluntary consensus standards are recognized by the FDA, and manufacturer 
compliance with the recognized standards serves to demonstrate substantial 
equivalence. This includes, for example, ASTM standards for detection of holes 
and tests for residual powder (FDA, 2008). Recommendations for gloves with 
special attributes are also included in the FDA guidance. For chemotherapy 
gloves, for example, in addition to conformance with the recognized standards 
(or equivalent) for medical gloves, the FDA application stipulates inclusion of: 
“(1) the product labeling that specifies the chemical(s) that the glove provides 
protection against; (2) the results of a controlled scientific study to substantiate 
the claim; (3) a comprehensive description of the test method used; (4) the 
complete test protocol; (5) an analysis of test results; (6) a discussion as appro-
priate and conclusions” (FDA, 2008). Third-party testing is not required. 

 
 
devices are subject to a range of general controls, which include prede-
fined Good Manufacturing Practices. This umbrella Quality System 
Regulation, defined in 21 CFR Part 820, provides a framework that all 
device manufacturers must follow with regard to device design, produc-
tion and packaging controls, evaluation, servicing, recordkeeping, and 
other factors. These controls are deemed sufficient to ensure the safety 
and effectiveness of Class I devices, so these devices can be registered 
and listed without further rigorous premarket evaluation. Class II de-
vices, because they are intermediate risk, are expected to meet or exceed 
defined controls or standards in addition to adherence to general controls.  

Class II devices are most often approved by demonstration of “sub-
stantial equivalence” to a previously approved product already on the 
market, known as the “predicate.” This process is known as approval via 
a 510(k) application, as defined by Section 510(k) of the Federal Food, 
Drug, and Cosmetic Act (Public Law 75-717). If a device differs substan-
tially from previously marketed products, particularly in a way that 
brings its safety and effectiveness into question, then a full Premarket 
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Approval (PMA) process is required. The reporting requirements of a 
PMA are more rigorous and far more substantive than that required by 
the 510(k) application and subsequently increase processing time and 
cost. The FDA identifies the devices that are determined to be high risk 
and therefore require the PMA process, including most Class III devices. 
PPT used by healthcare workers are currently categorized as Class I and 
II devices (Table 3-2); no PPT are categorized Class III devices. Some 
Class I devices, such as medical examination gloves, are also required to 
comply with the 510(k) process. 

The FDA also oversees post-market evaluation, surveillance, and en-
forcement processes, including both voluntary and mandatory adverse 
event reporting systems that rely on manufacturers, hospitals, long-term 
care facilities, and individual practitioners and patients to report device-
related adverse outcomes (FDA Medical Product Safety Network [Med-
Sun] and FDA Safety Information and Adverse Event Reporting Pro-
gram [MedWatch]). The FDA manages a publicly available database of 
adverse event reports, the Manufacturer and User Facility Device Ex-
perience Database (MAUDE). The FDA augments this passive surveil-
lance for some devices with post-approval review of literature or clinical 
trials, establishment and maintenance of mandated registries, and routine 
and targeted field inspections. When problems are identified, the FDA 
may conduct a more intensive investigation.  

 
 

TABLE 3-2 FDA Classification of PPT-Related Equipment  
 

Class 
Risk to Patient or 
Device Wearer 

 
Requirements 

Healthcare PPT and  
Related Devicesa 

I Low  General standards for 
good manufacturing 
processes; most Class 
I devices are exempt 
from 510(k) submis-
sions 
 

• Surgeons’ gloves 
(510[k] required) 

• Examination 
gloves (510[k] 
required) 

• Other surgical 
apparel (isolation 
gowns, shoe cov-
ers, caps, hoods, 
operating room 
shoes) (510[k] 
exempt) 
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II Intermediate  510(k) submission  
 

• Surgical gowns 
• Surgical masks 
• Surgical respirators 

III High  Subject to pre-market 
approvals; must sub-
mit clinical evidence 
of safety and effec-
tiveness 

None 

NOTE: The FDA uses the terms surgical gowns, isolation gowns, surgical masks, and 
surgical respirators and defines each in guidance documents.  
aProtective eyewear used as PPT is not regulated by the FDA as a medical device. 
SOURCE: IOM (2008). 

 
 

Requirements and Incentives 
 

For healthcare PPT, the FDA has the authority to promulgate public 
health advisories and safety alerts, issue warning letters to manufactur-
ers, recall or seize products, suspend or revoke device approval, and rec-
ommend criminal prosecution. FDA regulations are focused on the 
manufacturer.  

OSHA regulations address whether employers are providing appro-
priate PPT and training. When the potential exists for healthcare workers 
to be exposed to bloodborne pathogens, OSHA requires use of PPT that 
“does not permit blood or other potentially infectious materials to pass 
through to or reach the employee’s work clothes, street clothes, under-
garments, skin, eyes, mouth, or other mucous membranes under normal 
conditions of use and for the duration of time which the protective 
equipment will be used” (29 CFR §1910.1030). OSHA does not specifi-
cally require that PPT used by healthcare workers be FDA approved or 
cleared, but OSHA does require many of the same standards that form 
the basis for FDA clearance and approval decisions.  

In addition to OSHA regulations, a further incentive to healthcare fa-
cilities seeking accreditation by the Joint Commission are the Joint 
Commission’s standards regarding infection control, which include ex-
pectations that respirator fit testing is conducted and updated.  

 
 

Committee Comments 
 

The FDA conformity assessment process used for healthcare PPT 
(summarized in Table 3-3) is based on conformity to a “predicate”, al-
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ready approved for market. Voluntary consensus standards, recognized 
by the FDA, are incorporated into guideline documents to assist manu-
facturers to demonstrate substantial equivalence to the predicate. Be-
cause these standards are not codified in federal regulations, they can 
potentially be amended more rapidly than federal regulations. The stan-
dards currently recognized by the FDA for PPT establish the required 
physical attributes but not necessarily its performance in the healthcare 
setting. The committee emphasizes the need for conformity assessment 
processes that examine performance of the PPT against workplace haz-
ards and exposures. Increased input from healthcare workers on stan-
dards development committees is important in improving these 
processes.  

The FDA’s conformity assessment processes for PPT products are 
dependent on testing data submitted by the manufacturers and do not re-
quire third-party testing (except for respirators). For some types of PPT 
used by healthcare workers for which failure of the PPT product could 
result in injury or illness of workers, more rigorous conformity assess-
ment requirements are needed. Recent studies by the Government Ac-
countability Office (GAO) report that the FDA medical device approval 
system is facing large volumes of applications for increasingly complex 
devices from U.S. and international manufacturers. The GAO reports 
noted concerns about the lack of adequate resources at the FDA to ad-
dress the demand, a reduced emphasis on the PMA process, and fewer 
inspections of manufacturing facilities (GAO, 2008, 2009). The 510(k) 
process is currently being reviewed by the Institute of Medicine (IOM, 
2010). 

 
 

TABLE 3-3 Overview of the Conformity Assessment Process for 
Healthcare Worker PPT  (Non-Respirator) 

Standards 
 

Voluntary consensus standards 
incorporated into FDA guidance 
documents 
 

Testing 
 

First party: Manufacturers submit 
required information to FDA 
 

Attestation of conformity assessment 
 

Third party: FDA reviews product 
data for Class II and Class III 
products 
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Laboratory accreditation 
 

Not applicable  

Surveillance and post-market testing and 
evaluations 
 

FDA 
 

Incentives/enforcement FDA and OSHA regulations, Joint 
Commission standards 

 
 
The FDA’s medical device approval process relies on determining 

equivalence to predicate devices. The requirements for FDA clearance or 
approval are determined by an initial categorization of the type of device 
as to the level of risk that could be posed to the patient or user. Products 
used in work tasks with widely differing potential risk may be classified 
in the same risk category. For example as noted in Box 3-1, chemother-
apy gloves are a subcategory of patient examination gloves, both catego-
rized as Class I products, even though failure of a chemotherapy glove 
likely presents much more risk to the wearer given skin exposure to toxic 
and often carcinogenic drugs. The FDA is currently requiring additional 
data for clearance of chemotherapy gloves even though they are still 
categorized as a Class I device.  

The FDA’s regulatory authority for enforcing compliance is a 
strength of the medical device approval process, although a concern is 
whether resources are adequate to conduct site inspections and surveil-
lance efforts. The requirements that manufacturers meet Quality System 
Management regulations specified by the FDA could be bolstered by 
specifying that relevant ANSI/ISO standards (e.g., ISO 9000 standards 
for quality management systems) need to be met. 

 
 

FIREFIGHTER AND EMERGENCY RESPONDER PPT 
 

Conformity assessment for most firefighter and emergency responder 
PPT (excluding respirators) follows a voluntary third-party certification 
process. The National Fire Protection Association (NFPA) is recognized 
as the primary national source of standards for firefighter and emergency 
responder protective clothing and equipment. NFPA committees have 
developed standards for a wide variety of PPT, including standards for 
protective ensembles for structural, proximity, and wild land firefighting 
as well as standards for garments for protection of industrial personnel 
against flash fire. Additionally, NFPA standards cover a broad range of 
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emergency response applications beyond firefighting applications, in-
cluding standards for protective ensembles for technical rescue incidents, 
ensembles for hazardous materials response, and PPT for emergency 
medical operations. NFPA standards are voluntary consensus standards, 
and the organization does not evaluate, test, or approve any product or 
PPT system. NFPA standards for fire and emergency services PPT do 
require that the products be certified by third-party, private-sector certi-
fying organizations if the manufacturer chooses to assert that the product 
meets applicable NFPA standards. 
 
 

Standards 
 

The NFPA employs a structured process to develop standards for 
firefighter and emergency responder PPT. This process is designed to 
maximize opportunity for public and stakeholder input, with emphasis on 
participation from firefighters and the emergency responder community. 
Standards technical committees are constituted to address standards de-
velopment for specific categories of PPT. The technical committees are 
balanced to include participation by manufacturers, fire service and 
emergency responders, government agency staff, and general interest 
members, including those from certifying organizations. NFPA standards 
are frequently updated and revised, typically on a 5-year schedule. Stan-
dards are developed in scheduled phases, proceeding from public an-
nouncement to development of a first draft of the standard by the 
technical committee. The draft standard is made available as a proposal 
for public comment. The technical committee then produces a report re-
quiring that each public comment be addressed with respect to incorpora-
tion into the standard. Each technical committee that is responsible for 
specific categories of PPT operates with oversight from a technical corre-
lating committee. The NFPA Standards Council is responsible for final 
approval of the PPT standard. 

 
 

Conformity Assessment 
 

Each NFPA PPT standard document contains a full chapter describ-
ing the requirements for certification to that standard. All products that 
are labeled as being compliant to the NFPA standard must meet or ex-
ceed all applicable requirements of the standard. The testing, certifica-
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tion, and labeling of the product is done by an accredited certifying or-
ganization. NFPA standards require that the certifying organization be an 
independent third-party organization accredited to ISO 65, General Re-
quirements for Bodies Operating Product Certification Systems. The cer-
tifying organization is responsible for inspection, evaluation, and testing 
to NFPA standards to determine product compliance. The certifying or-
ganization’s laboratories must be accredited to ISO 17025 requirements 
for testing and calibration laboratories. Furthermore, NFPA requires that 
the organization that accredits the certification organizations must meet 
ISO 17011 requirements for accrediting conformity assessment bodies. 
NFPA standards do not specify which organization is used to conduct the 
accreditations. 

NFPA standards require that for conforming products, the certifying 
organization’s label, symbol, or identifying mark be permanently at-
tached to the product label or be part of the product label. It further re-
quires that the certifying organization perform quality assurance audits 
and requires annual verification of product compliance by the certifying 
organization. NFPA PPT standards specify that manufacturers provide a 
quality assurance program that meets requirements specified in the stan-
dard. The certifying organization is required to establish procedures to be 
followed when situations are reported in which a compliant product is 
subsequently found to be hazardous. The certifying organization must 
require manufacturers to investigate complaints and returns in accor-
dance with ISO 9001 requirements for investigating written complaints 
and returned products. Furthermore, the certification program requires 
that the manufacturer investigate product hazards and have programs for 
safety alerts and product recall. 

 
 

Requirements and Incentives 
 

NFPA standards and the accompanying certification are not federally 
mandated, but there is strong demand by workers, unions, and fire and 
emergency response departments for certified products. The U.S. De-
partment of Homeland Security specifies in its grants that include pur-
chase of PPT, that NFPA standards and third-party certification 
requirements must be met to use grant funds (see also Chapter 4). 
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Committee Comments 
 
The NFPA standards and their detailed requirements for conformity 

assessment provide a strong example of effective voluntary consensus 
standards coupled with a rigorous third-party certification system (Table 
3-4). NFPA standards are true performance standards with pass/fail crite-
ria developed with significant input from the stakeholder community. 
The standards approval process is organized and systematic, with regu-
larly scheduled revisions. Each of the NFPA standards committees relies 
on substantial involvement by firefighters and emergency response per-
sonnel. The NFPA process benefits from participation and support of 
worker unions and associations, including the International Association 
of Firefighters and the National Volunteer Fire Council. While applaud-
ing the current level of involvement, the committee believes that any 
mechanisms that will facilitate increased end-user participation in the 
NFPA standards development process would contribute to further im-
proving the standards. 

 
 

TABLE 3-4 Overview of the Conformity Assessment Process for 
Firefighter and Emergency Responder PPT (excluding respirators)  

Standards 
 

Voluntary consensus standards: NFPA 
 

Testing 
 

To state that the product conforms to 
NFPA standards requires third-party 
testing  
 

Attestation of conformity 
assessment 
 

To state that the product conforms to 
NFPA standards requires third-party 
certification  
 

Laboratory accreditation 
 

NFPA details the criteria for accredita-
tion, including meeting the relevant  
ISO standards 
 

Surveillance and post-market 
testing and evaluation 
 

Conducted by the certifying organiza-
tion 
 

Incentives/enforcement 
 

Worker and employer demand, grant 
requirements 
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It is important to recognize that the NFPA does not certify PPT; 
rather, the NFPA standards call for certification by private-sector certify-
ing organizations and specify requirements for certification and quality 
assurance. The NFPA standards are thorough in stipulating that the third-
party certifying organization needs to establish procedures to be followed 
if a compliant product is subsequently found to be hazardous, and the 
standards require a program of corrective action in the case of com-
plaints, including safety alerts and product recall. One issue that was 
raised at the committee’s workshop was that the NFPA does not actively 
pursue false or fraudulent uses of assertions on product labels that the 
product meets NFPA standards. The committee notes that any mecha-
nism that could potentially strengthen the enforcement aspects of com-
pliance to NFPA standards would be worthy of consideration, including 
strengthening the enforcement of the incorrect use of the term “NFPA 
approved” on product labeling to ensure that only certified products 
make this assertion.  

 
 

BALLISTIC-RESISTANT BODY ARMOR 
 

Law enforcement officers wear multiple types of PPT depending on 
the circumstances of their work. This section focuses on the conformity 
assessment processes specific to ballistic-resistant body armor. From 
1966 to 1971, the number of law enforcement officers killed in the line 
of duty each year more than doubled from 57 to 129 (NIJ, 2001). Shortly 
thereafter, efforts began at the U.S. Department of Justice to explore the 
development of lightweight, ballistic-resistant body armor and the estab-
lishment of performance standards. In 1972, the National Institute of Jus-
tice (NIJ) released the first draft standards for performance of ballistic-
resistant body armor used by law enforcement personnel.2 Current ef-
forts to certify the effectiveness of these products involve NIJ, the Na-
tional Institute of Standards and Technology (NIST), and NIJ-funded 
centers collectively known as the National Law Enforcement and Correc-
tions Technology Center (NLECTC). An estimated 3,000 lives have been 
saved by protection from effective body armor (NIJ, 2008b). 

 
 

 
2A similar course of events also led to the 2000 NIJ performance standards for stab- 

and puncture-resistant body armor in response to requests from the correctional officers’ 
community (NIJ, 2001). 
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Standards 
 

The original NIJ set of standards for body armor focused on penetra-
tion of the vest by a bullet (NIJ, 2001); subsequent iterations examined 
the effects of blunt trauma, the degradation of the armor when wet, and 
the effects of angled shots and multishot assaults. The most recent edi-
tion was developed through a collaboration between NIJ and the NIST 
Office of Law Enforcement Standards and was released in 2008 (NIJ, 
2008a). The impetus for many of the recent changes was serious injury to 
a law enforcement agent in 2003 from bullet penetration of a certified 
vest (Miller, 2010). Analysis of the failed vest determined that its service 
life was significantly shorter than originally believed due to premature 
degrading of the protective fibers. The 2008 standard requires more rig-
orous testing, including the determination of service life by artificial ag-
ing as well as the stipulation that an increased number of vests undergo 
testing and further post-market assessments. 
 
 

Conformity Assessment 
 

Since 1985, NIJ has administered a voluntary compliance testing 
program for ballistic- resistant body armor involving pre- and post-
market testing carried out by accredited independent laboratories. This 
effort is coordinated primarily through the NLECTC.3 More than 5,000 
models have been tested since 1987, and approximately half have met the 
requirements for certification (Miller, 2010). Five independent private-
sector laboratories are currently accredited by the National Voluntary 
Laboratory Accreditation Program (NVLAP) to conduct ballistic- resis-
tant body armor testing in accordance with the 2008 NIJ standard. In ad-
dition to NVLAP accreditation, NIJ specifies that laboratories be within 
the United States and be fully independent from armor manufacturers. 
Testing costs are paid by the manufacturers, with cost structures deter-
mined by each laboratory.  

The current program requires that manufacturers submit armor mod-
els and an application package to the NLECTC National Center for ini-

 
3Five NLECTC centers are funded by NIJ to work with federal, state, local, and tribal 

law enforcement agencies as well as corrections, and criminal justice agencies on issues 
related to technology needs and challenges. The NLECTC National Center has responsi-
bility for managing the Compliance Testing Program and maintaining the Compliant 
Products List. 
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tial review. Upon acceptance, the manufacturer submits samples to one 
of the independent laboratories for testing. Tested samples are main-
tained by the NLECTC for potential future comparison and analysis. 
Products that meet the standard are provided an NIJ Notice of Compli-
ance and manufacturers are authorized to use the NIJ compliance label. 
The label also provides information on the date of manufacture and issue. 
Certified products are listed on the NIJ Compliant Products List, avail-
able online (NIJ, 2010). The list provides information on the threat-level 
protection of the body armor, manufacturer contact, and warranty infor-
mation. Renewal of compliance is required after 5 years (NIJ, 2009). The 
compliance-testing program includes an appeals process. Efforts are un-
derway by NIJ and the NLECTC to implement a new post-market testing 
program. The follow-up program will monitor ongoing performance by 
randomly selecting subsequent production samples and submitting them 
for a subset of the original certification tests (NIJ, 2009).  

 
 

Requirements and Incentives 
 

Many law enforcement agencies base their purchasing decisions for 
body armor on the NIJ Compliant Products List. Additionally, the De-
partment of Justice’s Bulletproof Vest Partnership Program, which pro-
vides matching funds to law enforcement agencies for the purchase of 
vests, requires that those vests be on the NIJ Compliant Products List. 
Since 1999, more than 13,000 jurisdictions have participated in the pro-
gram and an estimated 800,000 vests have been purchased with $277 
million in federal funds (DOJ, 2010).  

 
 

Committee Comments 
 

The standards and conformity assessment processes for body armor 
(summarized in Table 3-5) have evolved over the past 30 years. The NIJ 
standards (developed in conjunction with NIST) are performance based, 
with a clear testing protocol and well-defined pass/fail criteria. Law en-
forcement officers are significantly involved in the development of the 
standards. 

The conformity assessment process for body armor is an example of 
third-party certification with critical involvement and oversight provided 
by a federal agency. This level of conformity assessment is appropriate 
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given the high degree of risk posed to law enforcement and military per-
sonnel if the product fails to provide protection. Since 2008, safety alerts 
about any noncompliant product have been posted on the NIJ website to 
inform consumers, and a well-organized list of compliant products is 
available online. Surveillance efforts include data collected by the Fed-
eral Bureau of Investigation on deaths of law enforcement officers that 
occur in the line of duty (FBI, 2008).  

The Bulletproof Vest Partnership Program is an innovative example 
of government involvement in providing funds so that law enforcement 
agencies can afford to buy compliant products. These types of creative 
solutions are needed to promote and maintain worker safety and could be 
used for other types of PPT.   

Although this is a voluntary conformity assessment process, factors 
such as worker and employer demand, purchasing requirements, poten-
tial product liability, and manufacturer reputation positively influence 
body armor manufacturers to obtain certification. As with respirators, 
issues regarding training and use of equipment also need to be addressed.  

 
 

TABLE 3-5 Overview of the Conformity Assessment Process for 
Ballistic-Resistant Body Armor  
Standards 
 

Standards developed by NIJ and NIST 
 

Testing 
 

Third-party testing  
 

Attestation of conformity 
assessment 
 

Third-party certification by NIJ through 
NLECTC 
  

Laboratory accreditation 
 

NVLAP accreditation; laboratories are 
also required to be independent of the 
manufacturer and be located in the 
United States 
 

Surveillance and post-market 
testing and evaluation 
 

NLECTC 
 

Incentives/enforcement 
 

Bulletproof Vest Partnership Program, 
worker and employer demand 

NOTE: NIJ = National Institute of Justice; NIST = National Institute of Standards and 
Technology; NLECTC = National Law Enforcement and Corrections Technology Center; 
NVLAP = National Voluntary Laboratory Accreditation Program. 
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HEARING PROTECTION DEVICES 
 

Approximately 30 million people in the United States are occupa-
tionally exposed to hazardous noise levels (OSHA, 2010). The Noise 
Control Act of 1972 (Public Law 92-574) vested the U.S. Environmental 
Protection Agency (EPA) with authority to regulate and enforce product 
noise emission standards and the labeling of products entering U.S. 
commerce regarding noise emissions and noise-reducing properties. The 
primary responsibilities for noise control are under the purview of state 
and local governments (EPA, 2010).  

 
 

Standards 
 

Since 1979, the EPA has required (40 CFR Part 211) that manufac-
turers of hearing protection devices provide a noise reduction rating 
(NRR) on the packaging. The NRR was designed to provide information 
to prospective purchasers and users regarding the amount of protection 
provided by a given device. When the labeling requirement was first 
proposed, the most frequent method used to characterize sound attenua-
tion was the real ear attenuation at threshold method (described in ANSI 
S3.19-1974) (NIOSH, 1998).  

 
 

Conformity Assessment 
 

Manufacturers are responsible for attesting to the conformity of their 
products to meet the NRR designated on the product label. Hearing pro-
tection devices are tested either by the manufacturer themselves or by an 
independent laboratory, which then provides the testing results to the 
manufacturer. At the committee workshop, participants noted that EPA 
does not require accreditation of manufacturers’ laboratories or inde-
pendent testing laboratories because the industry is composed of mostly 
small companies and limited product lines. Initial and recurring costs of 
laboratory accreditation or other third-party certification processes would 
increase costs of compliance with the regulation without quantifiable 
benefits to the public (Feith, 2010).  

EPA, through an interagency agreement with the Centers for Disease 
Control and Prevention and NIOSH, conducts spot checks of products in 
the marketplace. Penalties for manufacturers who falsify certification 
information include product recall; a $25,000 fine for each initial product 
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violation; and a $50,000 fine for each subsequent product violation or up 
to a year in jail (Feith, 2010).  

OSHA mandates that employers select hearing protection devices 
based on their NRR values when employees are exposed to noise at or 
above the Permissible Noise Exposure (90 decibels averaged over 8 
hours and measured on the A scale) and requires employees who have a 
permanent threshold shift (hearing loss) to wear protective devices at 85 
decibels averaged over 8 hours (29 CFR §1910.95). OSHA currently re-
quires that the NRR value be reduced by 7 decibels to account for the 
fact that NRR testing is done on a different sound scale than the one used 
by OSHA.  

The EPA is currently revising its 1979 regulations regarding hearing 
protection devices, and final regulations have not been published. Pro-
posed revisions to the current regulations would require periodic testing 
and renewals in attesting to product conformance. The proposed changes 
will also address the following issues: 

 
• Stating a range of NRR values rather than one numerical value to 

provide users with information on the least and greatest levels of 
protection that can be achieved when used according to manu-
facturer instructions and product fit; 

• Revising the product label to be more user-friendly and to pro-
vide information needed to make informed decisions about the 
product’s level of protection (NRR values) and suggested use 
environment; 

• Requiring recurrent testing during the life of a product;  
• Relabeling when modifications and retesting of a product’s NRR 

values differ by a minimum of 3 decibels as compared to previ-
ous labeled NRR values; and 

• Introducing adjustments for “A”-weighted noise exposure and 
noise spectra to eliminate arbitrary product derating (EPA, 
2009). 

 
 

Committee Comments  
 

An advantage of the conformity assessment process used for hearing pro-
tection devices (summarized in Table 3-6) is that it minimizes the cost to 
the manufacturers by requiring only first-party conformity assessment. 
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TABLE 3-6 Overview of the Conformity Assessment Process for 
Hearing Protection Devices  
Standards EPA 

Testing 
 

First party: Manufacturers  
 

Attestation of conformity assessment 
 

First party: Manufacturers 

Laboratory accreditation 
 

Not required 

Surveillance and post-market testing and 
evaluation 
 

EPA and NIOSH 

Incentives/enforcement EPA 
 
This can allow product innovation to easily be introduced. Current issues 
with this approach are focused on the test standard and testing methodol-
ogy and on the length of time that has elapsed between revisions of the 
standard. The EPA’s proposed change to provide a range rather than a 
single NRR value may help to address this issue. As with respirators, 
fitting the hearing protection devices is also emphasized as a critically 
important component of the effectiveness of hearing protection devices 
(Neitzel et al., 2006).  

The approach used by the EPA also works well because of specific 
regulatory authority granted through legislation that allows the EPA to 
impose penalties that are sufficient to discourage manufacturers from 
falsifying data. Whether such an approach can prohibit unscrupulous dis-
tributors from importing hearing protection devices and falsifying the 
NRR values is not clear. Such distributors and off-shore manufacturers 
may not have assets that the EPA can access. Similar regulatory authority 
to impose significant penalties for noncompliance or fraudulent claims is 
not in place for other types of PPT. 

 
 

PERSONAL FLOTATION DEVICES 
 

Personal flotation devices (PFDs) are used in both occupational and 
recreational settings. Federal government involvement in conformity as-
sessment for PFDs began in the mid-1800s after the loss of lives from 
explosions of ship boilers. The Steamboat Act of 1852 prescribed, among 
other measures, that passenger-carrying steamboats have on board life 
preservers made of suitable floating materials for all passengers. To 
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oversee compliance with this and other safety laws, nine supervisory in-
spectors were appointed and in the late 1800s the Steamboat Inspection 
Service (a forerunner of the U.S. Coast Guard) was established. A 1904 
disaster on a New York City excursion vessel, the General Slocum, 
prompted the further development of a set of federal regulations. Of the 
ship’s 1,358 passengers, at least 955 died; few life preservers were used, 
and of those that were used, a number of safety violations were found. 
The most egregious was the concealment of 8-ounce bars of iron within 
the cork blocks that were fraudulently put in the life preservers to bring 
them up to the required weight (U.S. Commission, 1904). The regula-
tions that resulted included the standardization of factory testing proce-
dures and the use of an inspection mark.  

Currently, four types of PFDs are specified for commercial or recrea-
tional selection depending on the intended use and time to rescue.4 

 
• Type I PFDs/Off-shore life jackets: Best for all waters where 

rescue may be slow coming. 
• Type II PFDs/Near-shore buoyant vests: Good for calm, inland 

waters, or where there is a good chance for fast rescue. 
• Type III PFDs/Flotation aids:  For general boating or the special-

ized activity that is marked on the device such as water skiing, 
hunting, fishing, canoeing, kayaking and others.  

• Type V PFDS /Special use devices:  Only for special uses or 
conditions (e.g., boardsailing vests, commercial whitewater 
vests) (USCG, 2010c).  

 
 

Standards 
 

The U.S. Coast Guard (USCG) is responsible for the conformity as-
sessment processes for PFDs under its jurisdiction. Buoyancy, strength, 
and design standards that PFDs are required to meet are outlined both in 
the CFR (46 CFR Part 160) and in voluntary consensus standards devel-
oped by ANSI/Underwriters Laboratories (UL). The CFR also outlines 
the requirements for acceptance of testing laboratories and the confor-
mity assessment processes described below. The Coast Guard has exam-
ined the feasibility of probabilistic risk-based compliance standards and 
risk-based quality assurance processes for PFDs (Box 3-2). 

 

 
4Type IV PFDs are throwable devices including ring buoys and seat cushions (USCG, 

2010c).  
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BOX 3-2 

Risk-Based Standards and Quality Assurance Processes 
 

The U.S. Coast Guard has provided grant funds for, and the personal flotation 
device (PFD) industry has supported, development of probabilistic risk-based 
compliance standards (Ayyub, 2008) and risk-based quality assurance proc-
esses for PFDs (Ayyub, 2002). The risk-based compliance standards are in-
tended to quantify the probability of a PFD saving the life of a user from 
drowning as a result of a marine event. For this task, risk-based models have 
been developed for various buoyancy methods and use environments that 
account for all the major scenarios leading to drowning or surviving an acci-
dental immersion. The risk-based quality assurance for PFDs is designed to 
provide for varying levels or frequencies of sampling, testing, and inspections 
based on trends in product compliance resulting from the manufacturers’ qual-
ity assurance program and its implementation. These approaches to standards 
and conformance assessment could be applied to the evaluation and design of 
conformance assessment programs for various kinds of personal protective 
technologies (see Chapter 4). 

 
 

Conformity Assessment 
 

The Coast Guard is responsible for the issuance of a certificate of 
approval for personal flotation devices that meet carriage requirements 
for a specific vessel. States generally rely on the Coast Guard approval to 
regulate PFDs that are used to meet their carriage and use requirements; 
however, for activities on private waters or where use is not regulated, 
non-approved “PFDs” can be used. For example, a number of manufac-
turers have been producing competition vests that have no standards or 
regulations other than the various rules for water skiing and wakeboard-
ing competition.  

The Coast Guard conducts a preapproval review of any new concept 
or design before the product is submitted for testing (46 CFR Part 160). 
Once a manufacturer receives Coast Guard Type Approval, a Certificate 
of Approval is issued for 5 years and remains valid if product sample and 
quality control requirements are met (USCG, 2010b). Oversight for the 
subsequent conformity assessment processes is conducted by a Coast 
Guard-recognized laboratory. Currently, UL is the only testing and certi-
fying organization authorized by the Coast Guard. Production testing of 
PFDs to meet the required standards is conducted by the manufacturer 
under the oversight of UL. After testing requirements have been met, the 
product is given Coast Guard approval and a UL listing. UL releases la-
bels to the manufacturer that have the required text, including specifica-
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tion that the product was “Inspected and tested in accordance with U.S. 
Coast Guard regulations” and stating the manufacturer’s or distributor’s 
name and address as well as the lot number (46 CFR Subpart160.002).  

UL is also tasked with ensuring that manufacturers maintain quality 
control programs as detailed in Coast Guard regulations. The extent of 
manufacturing site inspections is determined in a product sampling plan 
based on the number of devices produced and the nature of the quality 
controls used (USCG, 2010a). As part of the post-marketing testing and 
evaluation efforts, manufacturers are required to send samples of wear-
able recreational PFDs to UL testing facilities once a year for inspection 
and testing.  

 
 

Requirements and Incentives  
 

Incentives for PFD conformity assessment include demand for certi-
fied products from workers, employers, passengers, recreational boaters, 
and other individuals involved in water activities. In the United States, 
commercial passenger watercraft and recreational watercraft are required 
to have Coast Guard-approved PFDs for each passenger on board (with 
some exceptions). The Coast Guard has the authority to enforce require-
ments for use of PFDs within its jurisdiction.  

 
 

Committee Comments 
 

 The conformity assessment processes for PFDs are summarized in 
Table 3-7. As noted above, codifying standards in federal regulations has 
pros and cons. The regulations provide USCG with enforcement author-
ity, but changes to the standards require more lengthy processes. For ex-
ample, standards for inflatable PFDs were specified for adults, but at the 
time these standards were developed it was unknown whether children or 
youth could cope with the backup inflation needed in case of automatic 
inflation system failure. Experience and study have shown that children 
at least 12 years and older can handle inflatable PFDs (Young et al., 
2009), and the need for more comfortable PFDs makes it desirable for 
the USCG to approve inflatable PFDs for this group. Regarding probabil-
istic models for risk-based standards (Box 3-2), the development of these 
models requires extensive resources and should likely be considered only 
for PPT where failure of the products could result in death or serious injury.  
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TABLE 3-7 Overview of the Conformity Assessment Process for Per-
sonal Flotation Devices  
Standards USCG and voluntary consensus standards 

 
Testing First party, with third-party oversight 

 
Attestation of conformity 
assessment 
 

Third party 

Laboratory accreditation 
 

Approved by USCG  

Surveillance and post-
market testing and evalua-
tion 
 

Conducted by third-party certifying organization 

Incentives/enforcement USCG penalties 

NOTE: USCG = U.S. Coast Guard. 
 
 
Longstanding third-party testing and certification processes have 

been refined by the USCG. The committee did not examine the implica-
tions of having only one testing and certifying organization, but ac-
knowledges that the system has been working for many years. 
 

 
PROTECTIVE CLOTHING FOR PESTICIDE OPERATORS 

 
In the United States, protective clothing required for pesticide opera-

tors is under the jurisdiction of the EPA. The requirements are mandated 
through CFR 40 with details provided as part of 40 CFR Part 170, 
Worker Protection Standard, and 40 CFR Part 171, Certification of Pes-
ticide Applicators. A conformity assessment process does not currently 
exist however, for assessing the protective performance of these gar-
ments. Therefore, inclusion of performance-based criteria is being pro-
posed as part of the two CFR sections that are currently undergoing 
revision.  
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Standards 
 
In 2009, ASTM Standard F2669, Standard Performance Specifica-

tion for Protective Clothing Worn by Operators Applying Pesticides, was 
approved as a performance specification for protective clothing for pesti-
cide operators. An equivalent ISO standard draft is now under review. 
The technical requirements of the two standards are similar, with input 
provided by individuals representing relevant federal agencies, the crop 
protection industry, garment manufacturers, researchers, and users. The 
performance specification standards categorize the protective clothing 
into low, medium, and high levels of protection. Testing and other re-
quirements in ASTM F2669 reflect the level of protection provided by 
the garment, with more stringent requirements for higher levels of pro-
tection. 

 
 

Conformity Assessment 
 

A risk-based conformity assessment process based on use of the 
three levels of protection specified in ASTM F2669 is being explored by 
the EPA, NPPTL, and other agencies and organizations. An approach 
being considered is the use of potential risk to the operator (calculated as 
part of the risk assessment for pesticide registration) being the basis for 
determining protective clothing requirements. The conformity assess-
ment details are still being developed, with a proposal to require first-
party declaration of conformity for Class 1 products (low potential risk) 
and third-party certification required for Classes 2 and 3 (medium and 
high potential risks).  

Committee Comments 
 
 The proposed process provides an opportunity for EPA and NPPTL 
to work together to address the health and safety of pesticide operators 
using a performance-based conformity assessment process. EPA, with 
jurisdiction over pesticide registration and enforcement of the regula-
tions, could draw on the PPT expertise provided by NPPTL.  
 

 
OTHER PPT 

 
In the United States, the certification of PPT other than respirators is not 
federally mandated in OSHA or MSHA regulations. If a manufacturer 
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chooses to certify the performance of its PPT products (other than respi-
rators), third-party certifying organizations can test the product to deter-
mine if specific ASTM, ANSI, or other standards have been met. For 
example, SEI, UL, and CSA International are private-sector organiza-
tions that administer third-party certification programs by testing and 
certifying a broad range of safety and protective products used occupa-
tionally and recreationally. Third-party organizations generally undergo 
accreditation processes to affirm that the specific certification program 
meets ISO Guide 65 and other required standards. As noted in Table 3-8, 
voluntary third-party certification programs are available for a number of 
types of PPT. Some certifying organizations have the testing conducted 
by a set of accredited third-party laboratories, while others use internal 
testing facilities and capacity.  
 

 
TABLE 3-8 Examples of Voluntary Consensus Standards and Certifying 
Organizations 

  
Examples of Relevant 
Standard(s)a 

Examples of 
Certifying 
Organizations 

Head protection, hard hats ANSI Z89.1-2003, 
1997, 1986b 

SEI, UL, CSA 
International 

Protective footwear ASTM F2412-2005; 

ANSI Z41-1999, 
1991c  

SEI, CSA International 
 

Eye and face protection ANSI Z87.1-2003, 
1989d 

SEI, UL, CSA Interna-
tional 

NOTE: SEI = Safety Equipment Institute; UL = Underwriters Laboratories. 
aAs specified in OSHA regulations (29 CFR §1910). Third-party certification programs 
are also available to certify firefighter protective equipment to meet NFPA standards. 
b29 CFR §1910.135 
c29 CFR §1910.136 
d29 CFR §1910.133  
 
 

Committee Comments 
 

Although OSHA regulations specify voluntary consensus standards 
that need to be met for non-respirator PPT, third-party testing or certifi-
cation of these products (including head, foot, and fall protection) is not 
mandated. Where the use of these products is required because of high-

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

84 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 

                                                

risk worksites, third-party testing and, in many cases, third-party certification 
could be a mechanism for reducing the risk to workers and enhancing the cer-
tainty that the PPT products meet performance requirements.   

 
 

PPE CONFORMITY ASSESSMENT IN THE 
EUROPEAN UNION5 

 
The countries of the European Union (EU) work through the Euro-

pean Commission and other organizations to ensure the safety and effec-
tiveness of personal protective products. European standards and 
technical specifications for product performance, testing, and certifica-
tion are developed by the European Committee for Standardization, 
which works in many cases with ISO to harmonize international stan-
dards, to the extent possible.  

Two EU directives are focused on PPE. Directive 89/656/EEC is a 
social directive and discusses the health and safety of individuals. Direc-
tive 89/686/EEC is a commercial directive and focuses on issues related 
to conformity assessment and sale of PPE products in the member coun-
tries. The directives are applicable to all uses of PPE, including, but not 
limited to, occupational uses. The PPE directives in the EU stipulate that 
products meet both a set of essential requirements as well as additional 
requirements based on the relevant category specific to that product (Box 
3-3). The health and safety essential requirements directive details basic 
requirements related to ergonomics, comfort, sizing, and compatibility of 
different types of PPE designed for simultaneous use. To be sold in EU 
countries, all PPE must have the EU’s conformance mark, the CE mark-
ing (conformité européenne), with appropriate information as specified 
by the product category. In cases where third-party testing is required, 
testing must be conducted by notified bodies—laboratories accredited by 
various organizations in accordance with ISO 17025. 

 
 
 
 
 
 
 
 

 
5The European Union’s documents use the term personal protective equipment (PPE).  
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 BOX 3-3 
 European Union Certification Categories for PPE 

 

• Category 1: Includes personal protective equipment (PPE) of simple de-
sign and with minimal risk, where the user can assess the level of protec-
tion provided. Examples include gardening gloves, swimming goggles, and 
sunglasses. Manufacturers of PPE in this category submit the European 
Commission (EC) declaration of conformity stating that the product com-
plies with all relevant provisions of the directive. Signing the declaration 
authorizes the manufacturer to affix the CE marking to each product.  

• Category 2: Includes any PPE that does not fit in Categories 1 or 3. Exam-
ples include sports helmets, eye protection (except swimming goggles or 
eye protection against high temperatures, electrical risks, or ionizing radia-
tion). Products in Category 2 are required to undergo third-party testing 
with a notified body and to carry a CE marking after the EC declaration of 
conformity is issued by the notified body.  

• Category 3: Includes PPE of complex design and PPE designed to “pro-
tect against mortal danger or against dangers that may seriously and irre-
versibly harm the health, the immediate effects of which the designer 
assumes the user cannot identify in sufficient time” (EC, 2010b). Examples 
include fall protection, respiratory protective equipment, and clothing de-
signed for high- or low-temperature environments. Products in this cate-
gory are required to undergo third-party testing by a notified body and also 
undergo one of two product monitoring procedures: (1) checks on the final 
product—the notified body carries out random production quality checks at 
least annually and selects an adequate sample of products for testing, or 
(2) monitoring of production with supervision—meeting ISO quality control 
systems with random audits by the notified body. The CE marking for 
Category 3 products includes the assigned number of the notified body re-
sponsible for the production control phase.   

 
The term Category 0 has also been used to include equipment excluded 
from the scope of the PPE directive. Surgical masks are in this category as 
they are covered in another directive. However, in cases where surgical 
masks are intended to be used to protect the wearer against microbial or vi-
ral infections, they are specified as Category 3 PPE. PPE products designed 
and manufactured specifically for the armed forces are not covered by this 
directive. 
 
SOURCES: EC (2010a,b). 

 
 

Committee Comments 
 

The committee did not identify any available data that compared 
worker safety before and after the conformity assessment requirements 
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were implemented in the EU. U.S. efforts relevant to categorizing PPT 
will need to closely examine data that become available.  The mandate 
that all PPT products sold in the European Union have the CE mark is 
the major driver of conformity assessment efforts, and similar mandates 
are not available for non-respirator PPT in the United States. Issues fac-
ing the EU process include ensuring adequate participation by all the 
stakeholders, including worker-related organizations. 
 

 
SUMMARY 

 
As evidenced by the descriptions throughout this chapter and sum-

marized in Table 3-9, conformity assessment is conducted in a number of 
different ways, even within the field of PPT. Moving toward a more sys-
tematic and consistent approach to PPT conformity assessment is the 
topic of the following chapters.  
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TABLE 3-9 Summary of Standards and Conformity Assessment Approaches for Selected Examples 
of Personal Protective Technologies (PPT) 

  
 

Respirators 

Healthcare 
Worker 
PPT 

 
Body  

Armor 

 
Firefighter 
PPT 

Hearing 
Protection  
Devices  

Personal  
Flotation 
Devices 

STANDARDS      
Voluntary consensus 
 

      

Government standards     a  
 

TESTING      
First party 
 

    f 

Third party 
 

   b   

DECLARATION OF CONFORMITY ASSESSMENT 
First party—
Manufacturer’s  
declaration 
 

     

Third-party  
certification—Optionalc 
 

  e b   

Third-party  
Certification—Mandated 

 d     

 
 

           
 

 
 

 
                                           87 

NOTE: Second-party processes were not used in the examples described in this report aEnvironmental Protection Agency  
standards for noise reduction ratings. 
bNot federally mandated, but required to meet NFPA criteria. 
cOptional is used to denote that third-party certification is not mandated by OSHA or other federal regulatory agencies.  
dFood and Drug Administration clearance or approval. 
eNot federally mandated, but required for inclusion on the NIJ Compliant Products List.  
fThird-party oversight of testing. 
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4 
 

Impact and Issues in Conformity 
Assessment for PPT 

 
 
 
 
 
 
 
 
 

For most public health concerns, multiple preventive measures con-
tribute to protection against injury or disease, and determining the 
extent of attribution of any one preventive measure or action is com-
plex. (IOM/NRC, 2008)  
 
 

Although safety and health professionals rank it low on the hierarchy 
of hazard controls, personal protective technologies (PPT) continue to 
provide the primary means of risk reduction in workplace settings where 
risks or exposures change rapidly, where process change or engineering 
controls are deemed to be impractical (e.g., construction, maritime), or 
where exposures are poorly characterized (e.g., spill response, hazardous 
waste remediation, firefighting). Reliable risk reduction using PPT re-
quires an often complex web of tasks performed by product designers or 
engineers, manufacturers, employers, safety and health professionals, 
supervisors, and trained workers. Assessing the conformity assessment of 
PPT products is one part of the efforts needed across the lifecycle of the 
product to ensure effectiveness; these efforts also encompass careful at-
tention to design, quality manufacturing practices, end-user training, and 
evaluation of product performance in real world use.  For PPT to provide 
effective risk reduction, several criteria must be met: 

 
• PPT standard test methods must consistently reflect field conditions 

and technology performance; 
• Standards must include an adequate margin of safety to accommo-

date exposure variation in the work process and expected misuse; 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

92 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 

 

• Manufacturing systems standards such as quality control must be 
adequate to assure each PPT item performs at least to minimum 
standards; 

• Selection of PPT for specific work practices must conform to ex-
pected use; 

• Potential interference of PPT with the functions of other ensemble 
components or planned work tasks needs to be characterized and po-
tential adverse impacts of PPT examined; 

• Use instructions, training, and supervision regarding PPT to ensure 
proper work practices must be addressed; 

•  Replacement cycles, field checks, maintenance, cleaning, storage, 
packaging, and durability standards must assure continued field per-
formance over the normal lifetime of the PPT; 

• Product labeling must be accurate; 
• Consumers need to be aware of any recalls due to product failure; 

and 
• Post-marketing testing and recalls must be used to correct process 

issues, be timely and comprehensive, and be a mechanism for con-
tinuous performance improvement. 

 
Standards development and conformity assessment efforts may ad-

dress selected aspects of these criteria in order to increase the likelihood 
of effective implementation and risk reduction.  

This chapter explores the limited types of data that are available on 
the impact of PPT conformity assessment on worker safety and health. 
The chapter also explores issues that pose particularly challenging ques-
tions for implementing and sustaining conformity assessment processes 
for PPT products.  

 
 

IMPACT OF CONFORMITY ASSESSMENT 
ON SAFETY AND HEALTH 

 
Assessing the impact of PPT use on reductions in worker injury or 

death can be challenging, particularly in occupations where multiple 
safety measures are implemented, where exposures are intermittent or 
variable, or where risks are poorly characterized. A greater challenge is 
finding data to assess the impact of PPT conformity assessment on 
worker safety and health. To address the question regarding the impact of 
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conformity assessment posed in the committee’s charge, the committee 
first took a broader look at the impact of PPT.  

What is clear throughout the many successes in the fields of public 
health and occupational health and safety is that reducing or eliminating 
hazardous exposures leads to reductions in injuries and deaths. Examples 
include reductions in cigarette smoking and increases in seat belt use 
(IOM, 2003). PPT products are designed to reduce hazardous exposures. 
Improvements in the effectiveness of PPT products—including those 
resulting from conformity assessment testing and certification—should 
lead to a greater beneficial impact on worker safety and health.  

As noted in the Institute of Medicine and National Research Council 
report (2008, p. 81), which assessed the National Institute for Occupa-
tional Safety and Health (NIOSH) PPT Program,  

 
Trying to gauge to what extent disease or injury is prevented or 
is minimized usually involves assessing multiple potential causes 
and an array of individual and environmental influences. For 
most public health concerns, multiple preventive measures con-
tribute to protection against injury or disease, and determining 
the extent of attribution of any one preventive measure or action 
is complex.  
 
Quantitatively determining the extent to which personal protec-
tive technologies (PPT) contribute to worker well-being is a dif-
ficult matter. Engineering and administrative controls play a 
significant role in preventing hazardous exposures. Additionally, 
because the use of PPT is an individual-based measure, with ef-
fectiveness determined in large part by user decisions and quality 
of the fit, there can be wide variation in the apparent effective-
ness of PPT products in preventing illness or injury. The many 
types of PPT products (e.g., respirators, protective clothing, 
hearing protection, eye protection, gloves, shoes, helmets, fall 
protection) and the fact that PPT is used in numerous occupa-
tional settings, each with its unique exposures and workplace 
demands, create a further challenge in attributing the impact. 
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Data on the Use of PPT in Reductions in Injuries or Deaths 
 

 Approximately 5 million U.S. workers are required to wear respira-
tors in 1.3 million U.S. workplaces (OSHA, 2010). In some occupations, 
such as construction and firefighting, PPT is the primary or only line of 
defense against hazardous exposure. PPT effectiveness can be seen every 
day in the survival and lack of harm experienced by most firefighters. In 
2008, U.S. firefighters responded to 1,451,500 calls and suffered 36,595 
injuries and 29 deaths on scene at fire incidents (NFPA, 2010). 
 Researchers have found that individual firefighters not wearing PPT 
had an increased risk of respiratory health problems. For example, a 
study of New York firefighters found that individuals who did not wear 
protective respiratory equipment had statistically significant decrements 
in acute pulmonary function (Brandt-Rauf et al., 1989). Similar results 
were found in a study of the effectiveness of respiratory protection for 
coal miners in West Virginia (Li et al., 2002). In New York City, Prezant 
and colleagues (1999) found an 85 percent reduction in lower extremity 
burn injuries, a 65 percent reduction in upper extremity burn injuries, and 
a significant reduction in head burn injuries in firefighters who used 
more protective uniforms and hoods. 
 In successful outcomes to some disaster situations, wearing PPT has 
played a major role. In 2006, miners in West Virginia used NIOSH/Mine 
Safety and Health Administration-certified self-contained, self-rescuer 
respirators, which chemically generate breathable oxygen, in their suc-
cessful escape from a hazardous mixture of dense smoke and deadly 
concentrations of carbon monoxide after a mine fire (MSHA, 2006).   

 
 

Construction Fall Arrest and Prevention PPT 
 

In the committee’s efforts to identify data on the impact of confor-
mity assessment efforts, the data from falls by construction workers were 
examined. Data collection for evaluating a reduction in fatality rates as-
sociated with certification of fall prevention and arrest PPT systems is 
limited. Falls are the leading cause of U.S. construction worker deaths 
with on average 363 deaths due to falls annually from the period 1992 to 
2005 (CPWR, 2008). Falls are also the second most frequent cause of 
non-fatal injuries in this industry (CPWR, 2008).  

Fall arrest technology has changed rapidly, and OSHA regulations 
and voluntary consensus standards have played, and continue to play, an 
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important role in risk reduction. OSHA regulations (29 CFR 
§1926.502d) prohibiting the use of body belts for fall arrest and requiring 
full body harnesses went into effect on January 1, 1998. However, there 
is no government mandate for the testing or certification of these prod-
ucts. The first American National Standards Institute (ANSI) standard 
(ANSI Z359) was approved in 1992 and was an important driver in the 
process that led to the eventual OSHA regulatory change in 1998. 
NIOSH research (e.g., whole body anthropometry for informing design 
of fall arrest harness sizing) has been instrumental in informing the regu-
latory changes and is outpacing changes in practice, such that more ag-
gressive research to practice and standards/certification development 
efforts are needed.  

The impact of regulatory and standards changes regarding fall pre-
vention and fall arrest PPT is difficult to quantify. Recent data on con-
struction worker deaths do not show a change in fatalities due to falls 
from height. Although the overall death rate of construction workers de-
clined between 1992 and 2005, the number of fatal falls in construction 
increased (CPWR, 2008). Information on PPT use is often unreported on 
injury logs and fatality records. In general, assessing the impact of a pre-
ventive intervention, i.e., proving that a negative outcome did not occur 
because a preventive measure is taken, is difficult. For that reason, quan-
tifying the impact of PPT is challenging as the goals for using PPT are 
that a hazardous exposure or event will not occur and that workers will 
remain safe and healthy.  
 
 

Data Needs 
 
 Estimates of the occupational health and safety risks due to hazard-
ous exposures can be quantified based on knowledge about the exposure. 
However, health surveillance data on PPT use in the workplace are lim-
ited or missing, including data on the extent and nature of PPT use and 
on adverse outcomes that occur related to PPT use (those that occur due 
to PPT failures, while wearing PPT, and when not wearing PPT in work 
situations requiring PPT use). Without these types of data, there are no 
drivers to draw attention to PPT performance, use, failures, and interface 
problems that could be harmful to workers. These types of data are 
needed to focus PPT standards development and conformity assessment 
efforts in areas that will significantly improve worker health and safety.  
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

96 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 

 

CONFORMITY ASSESSMENT ISSUES FOR PPT  
 
 Several issues regarding testing and certifying PPT products are 
worth highlighting including: PPT interfaces and ensembles, user train-
ing, varied work tasks, unintended consequences of wearing PPT, con-
tractual requirements for PPT, and risk assessment.  

 
 

Protective Ensembles and Interfaces 
 

Workers wear items of protective equipment to protect against varied 
workplace hazards, including noise, falling objects, projectiles, dust, 
fumes, liquid aerosols, and chemical, thermal, radiological, and biologi-
cal exposure. In many cases workers are provided with individual items 
of PPT equipment that do not work together or fit together and do not 
have a seamless interface or seal between pieces of equipment to provide 
adequate total protection. The cumbersome or ineffective interface 
among multiple items can often prevent the combination from providing 
the optimum level of protection. Examples of these problems include 
wearing both ear muff-style protectors and safety glasses (due to the 
temples of the glasses) or a half-mask respirators and safety glasses. 
Similarly, interfaces between coverall sleeves and gloves or between 
coverall cuffs and boots may result in gaps, overlap, or unprotected ar-
eas. The ability of the ensemble to protect the worker depends on the 
following factors: 

 
• Proper design, manufacturing, and testing of the individual com-

ponents and the interfaces among components to meet appropri-
ate design specifications and performance standards; 

• Ensuring that the combination of individual personal protective 
equipment items does not degrade the performance of any of the 
items in the ensemble; and 

• Properly training the worker about the workplace hazards and 
how to assemble, evaluate, wear, clean, store, maintain, and re-
place the ensemble or any of the items and their components. 

 
A few examples point to the possibilities of developing and imple-

menting ensemble specifications or standards: the National Aeronautics 
and Space Administration specifications for a propellant handler’s en-
semble (Stull et al., 1996); the National Fire Protection Association 
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(NFPA) standard for protective ensembles for structural firefighting 
(NFPA 1971); the NFPA standard on protective ensembles for first re-
sponders to CBRN (chemical, biological, radiological, nuclear) terrorism 
incidents (NFPA 1994); and the recent National Institute of Justice’s 
CBRN protective ensemble standard for law enforcement (NIJ 0116.00).  
 For the most part, performance specifications and voluntary consen-
sus standards have been developed to assess the performance of specific 
personal protective equipment items and do not address issues regarding 
the interface with other protective equipment or interchange of parts. 
PPT products are generally manufactured and marketed as individual 
stand-alone items, and there are no marketplace drivers to incentivize or 
address interface concerns. Additionally, current marketing and purchas-
ing practices often focus on individual products. NIOSH certification of 
respirators requires that all components be tested and evaluated, and re-
placing a component with an aftermarket substitute from a different 
manufacturer can void the approval.  
 OSHA has attempted to address the interface issues relevant to respi-
rators by requiring that during mandatory respirator fit testing, the em-
ployee also wear other types of PPT (e.g., head protection, hearing 
protection, eye protection) that could affect respirator performance. Ap-
pendix A to OSHA 29 CFR §1910.134 states, “The fit test shall be per-
formed while the test subject is wearing any applicable safety equipment 
that may be worn during actual respirator use which could interfere with 
respirator fit.” However, many respirators are used in the workplace 
without fit testing, making this requirement generally ineffective at iden-
tifying and addressing PPT interface issues.  

NIOSH and its National Personal Protective Technology Laboratory 
(NPPTL), working with manufacturers, users, and other stakeholders, 
can play an important leadership role in efforts to move toward perform-
ance standards and test methods for protective ensembles and individual 
PPT items that address interface issues. Because there are no economic 
or market incentives for the private sector to develop ensemble or inter-
face standards, it is incumbent on federal agencies, in particular, NPPTL, 
to expand work on PPT ensembles and interface development. NPPTL’s 
participation in the collaborative approach used to develop a new fire-
fighter’s ensemble, Project HEROES (Homeland Emergency Response 
Operational and Equipment Systems) can be used as a model to develop 
other PPT ensembles. Specific ensemble performance standards will 
need to be developed to overcome the current focus on individual PPT 
items. Given the numerous possible combinations of protective equip-
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ment that individual workers could assemble, it is likely that ensembles 
will need to be designed and used for specific job requirements or that 
the design of interfaces will need to be standardized so that parts from 
different manufacturers are interchangeable, although the latter presents 
numerous challenges.     
 The healthcare sector is one work sector among many that would 
benefit from work on protective ensemble standards development and 
conformity assessment. The committee was asked to address conformity 
assessment issues relevant to preparing healthcare workers for an influ-
enza pandemic. The issues relevant to conformity assessment for health-
care worker PPT are similar to those for PPT for other occupations; 
improvements in these processes will result in protective equipment in 
the marketplace that meets the specified criteria. The one specific issue 
relevant to this area would be efforts to develop and certify infection 
control PPT ensembles. Further research clarifying the mode(s) of influ-
enza transmission will inform the development and selection of appro-
priate PPT ensembles.  
 Research on protective ensembles for healthcare workers should ad-
dress infection control precautions at each level of use from standard 
precautions to the three levels of transmission-based precautions (con-
tact, droplet, and airborne) (Siegel et al., 2007). Healthcare workers face 
issues of donning and doffing gowns, gloves, medical masks or respira-
tors, shoe and hair covers, and in some cases face shields or other protec-
tive equipment. This is especially challenging in emergency situations.   

 
 

User Training and Instruction 
 
 Another challenge with PPT products is that full protective capabili-
ties of the product are only realized when they are made available by the 
employer and correctly fitted and used. Respiratory protection programs 
are mandated by OSHA to ensure that employees are fit tested and go 
through the training to know how to use respirators (29 CFR §1910.132). 
Because an effective product is only one component of correct 
use, greater attention may need to be paid to certifications of trainers and 
training materials. Personnel certification is addressed separately from 
product certification in voluntary standards, such as ANSI/ISO/IEC 
(International Organization for Standardization/International Electrotechnical 
Commission) 17024, General Requirements for Bodies Operating Certifi-
cation of Persons. In addition, greater attention should be paid to the 
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manufacturer user instructions that come with the PPT product, with cri-
teria incorporated as part of the standards development and conformity 
assessment process. These criteria need to be more comprehensive and 
reflect the use of the individual PPT products with other types of PPT 
that, when used together, create an ensemble as well aas addressing po-
tential interface issues. Easy to read and culturally-relevant documents 
on the selection, care, use and maintenance of PPT are also critical for 
worker health and safety training. 

Further work into standards that address the selection, use, mainte-
nance, and care of PPT products are needed. For example, for fall arrest 
technologies to be effective, they must be integrated into practice or pro-
grams and must consider other components at the work site (anchorage 
points, guard rails, personnel nets, etc.). An example of a practice stan-
dard is ANSI/ASSE (American Society of Safety Engineers) A10.32, 
Fall Protection Systems for Construction and Demolition Operations. An 
example of a recent federal effort regarding guidelines is the NIJ Law 
Enforcement CBRN Protective Ensemble Selection and Application 
Guide, which will soon be released as a companion document to the 
product performance standard and the certification program requirements 
document (NIJ, 2010). 

 
 

Varied Work Tasks 
 

As highlighted in Chapters 2 and 3, conformity assessment for PPT 
products involves a number of government agencies and private-sector 
organizations. The organizations and agencies vary depending on the 
type of PPT or in some cases its purpose. One of the constants is that all 
respirators used in occupational settings are required to be certified by 
NIOSH. Requirements for protective clothing, on the other hand, vary 
depending on the use (e.g., healthcare worker gowns need Food and 
Drug Administration [FDA] clearance; protective clothing for firefight-
ers must be certified by third-party organizations to meet NFPA stan-
dards; construction hard hats, fall arrest harnesses, and arc flash 
protective clothing can be voluntarily assessed to meet ANSI-related 
standards by third-party laboratories and certifying organizations; and 
protective clothing products for agricultural workers are just beginning to 
enter the conformity assessment process). 

One challenge that will need to be faced in determining the appropri-
ate type and level of rigor needed for PPT conformity assessment proc-
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esses is the level of specificity needed for the same or similar products 
that are used in widely varying work tasks. For example, gloves for 
healthcare workers are being used for a variety of tasks, some of which 
place the user at much higher risk of injury, illness, or death if the PPT 
does not perform effectively. Specific requirements have been put in 
place that work toward addressing some of these issues, such as the vol-
untary consensus standards that are incorporated into the FDA guidance 
for gloves used to administer chemotherapy agents. Finding the appro-
priate level of differentiation among products for specific work tasks 
poses challenges to conformity assessment processes for non-respirator 
PPT. 

 
 

Unintended Consequences of Wearing PPT 
 
 Although PPT products are designed to protect the worker from 
various hazards, the use of PPT may affect the worker’s productivity or 
ability to perform tasks due to physical discomfort or impaired senses. 
These unintended consequences include reduced peripheral vision or 
visibility, claustrophobia, breathing difficulty, impaired communication, 
reduced dexterity, increased slip and trip hazards, increased exertion or 
workload, overheating, static charge risks in explosive atmospheres, and 
skin abrasion and contact dermatitis. PPT requirements can make simple 
tasks such as climbing a ladder quite cumbersome. For healthcare work-
ers, wearing respirators or face masks can interfere with communications 
with patients and their families. Wearing PPT may also give the worker a 
false sense of security, altering work behavior and thus presenting an 
increased risk of injury. When setting performance standards and outlin-
ing conformity assessment requirements for PPT, consideration needs to 
be given to reducing or eliminating unintended consequences of wearing 
PPT.  
 
 

Contractual Requirements for PPT 
 

In addition to regulatory requirements mandating that employers 
provide appropriate PPT to protect their employees, contracts and sub-
contracts for services or for the purchase of PPT products may impose 
performance standards. To the extent that customers and regulators 
evaluate conformance with contractual standards, this provides market 
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incentives to participate in various voluntary assurance and conformity 
assessment processes.   

Federal contracts for PPT, or for construction or services, often 
impose safety and health or quality assurance requirements that extend 
beyond minimal OSHA compliance, where deemed to be advantageous. 
The contracts may incorporate additional testing protocols and 
performance standards (e.g., military specifications); contracts may refer 
directly to specific consensus standards (e.g., compliance with specific 
NFPA or ANSI-related standards); or they may incorporate PPT 
performance requirements by reference to more comprehensive 
documents such as the U.S. Army Corps of Engineers Safety and Health 
Requirements Manual (U.S. Army Corps of Engineers, 2005). Including 
specific standards or performance requirements by reference in a federal 
or federally-funded contract is described or authorized under the Federal 
Acquisition Regulations (FAR 52.233-1 Accident Prevention). This 
incorporation by reference into contracts helps in simplifying and 
standardizing contract language across projects and over time, but 
publicly accessible data on compliance is very limited. Research 
evaluating the effectiveness of contract requirements or third-party audits 
of conformance would be valuable in determining whether PPT failures 
contributed to injury or illness. A research program similar to NPPTL’s 
evaluation of PPT in firefighter fatalities but targeting federal contracts 
could guide improved public procurement policies.  

Another example of incorporating PPT technical specifications by 
reference is the U.S. Department of Transportation’s Manual on Uniform 
Traffic Control Devices, which must be followed on every highway pro-
ject using federal funds. The manual stipulates adherence to ANSI/ISEA 
(International Safety Equipment Association) 107, American National 
Standard for High-Visibility Safety Apparel and Headwear, which is a 
performance standard for high-visibility safety clothing used in work 
zones.   

A similar process of incorporating technical PPT requirements into 
contracts by reference is also common practice in the private sector. For 
example, a requirement to conform to the ICC (International Code Coun-
cil) or BOCA (Building Officials and Code Administrators International) 
building codes would incorporate by reference the the requirements for 
clothing, gloves, face shield, and safety shoes aimed a protecting workers 
from arc flash injuries around high-voltage equipment as defined in 
ANSI/NFPA 70E, Standard for Electrical Safety in the Workplace. Arc 
flash PPT is frequently inadequate and would benefit from a systematic 
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research program to identify and evaluate enhancements. Consensus 
NFPA standards are complemented by OSHA requirements for arc flash 
PPT under 29 CFR §1910.335.   

Although tying conformity assessment requirements to a contract 
may provide much greater financial incentives to comply than relatively 
small OSHA fines, there are limited quantitative research data supporting 
the adequacy of the systems in place to ensure that the pass/fail criteria 
for meeting the performance standards are actually being met. Currently 
product testing may be done by manufacturers or importers, either with 
or without third-party verification and quality assurance. Federal con-
tracts incorporating PPT performance standards and requiring third-party 
testing with stipulations for follow-up research may provide valuable 
baseline data to determine the effectiveness of such interventions, similar 
to Executive Orders that have set aside selected federal building projects 
to serve as test beds for evaluating innovative “green” and energy-
efficiency technologies. 
 
 

Risk Assessment  
 

Unlike products that are designed for recreational, informational, 
computational, or other purposes, PPT products are designed to protect 
against and reduce hazardous exposures. As mentioned earlier, health 
risks from known hazardous exposures can be quantified for many work-
sites. However, categorizing PPT products by the level of risk against 
which they protect in multiple worksites and for various work tasks can 
pose challenges. Some current PPT conformity assessment approaches 
have attempted to categorize products by risk, while others have seg-
mented the products by their use or other criteria. 

NIOSH certification of respirators is not based on specific risk as-
sessment. The certification test requirements vary with the type of respi-
rator (e.g., air-purifying, self-contained breathing apparatus). NIOSH has 
a long-term field evaluation of self-contained, self- rescuer respirators 
used in mining environments. This may reflect the risk associated with 
mining environments, but other high-risk sectors (logging, fishing, con-
struction) have an equivalent risk. Using a different approach, the Envi-
ronmental Protection Agency’s labeling regulations for protective 
devices intended to prevent noise-induced hearing loss do not follow a 
risk assessment approach. The devices are tested and given a Noise Re-
duction Rating, and the worker and employer must ensure that equipment 
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is selected to address the level of noise in the workplace. This is a label-
ing requirement, but it does not restrict or place mandates on manufactur-
ing, sale, or use.  

The European Union uses a three-category system for conformity as-
sessment of PPT (Chapter 3). EU’s Category III devices are described as 
“PPE of complex design intended to protect against mortal danger or 
against dangers that may seriously and irreversibly harm the health, the 
immediate effects of which the designer assumes the user cannot identify 
in sufficient time” (EC, 2010).  FDA clearance processes for medical 
devices are based on a broad assessment of the risk to both the wearer 
and to the patient. In addition to other requirements, Class I products are 
defined as “not life-supporting or life-sustaining or for a use which is of 
substantial importance in preventing impairment of human health, and 
which does not present a potential unreasonable risk of illness of injury” 
(21 CFR §860.3). 

For personal flotation devices (PFDs), a probabilistic risk-based ap-
proach is being explored by the U.S. Coast Guard to categorize the de-
vices based on the probability of a PFD saving the life of a user from 
drowning in a marine event (Chapter 3). This approach to standards and 
conformance assessment could be applied to the evaluation and design of 
conformance assessment programs for various kinds of PPT (Box 4-1). 

 
 
 

BOX 4-1 
Probabilistic Risk-Based Approach to PPT Conformity Assessment 

 
The committee explored the use of a probabilistic risk-based approach to 

PPT conformity assessment that would evaluate and quantify the probability of 
the PPT product meeting the need to protect the user from the hazards, risks, 
and/or exposures associated with the user’s tasks in the environment and condi-
tions of the system in which he or she works. The result of the analysis might be 
a “Protection Compliance Index.” The assessment would account for the prob-
ability and consequence of the occurrence of adverse events to determine risk, 
and the model would be calibrated based on the levels of risk currently tolerated 
in the workplace. 

   
To develop a protection compliance index for a PPT product, questions 

about the product and its selection, use, care, and maintenance, such as the fol-
lowing would likely need to be addressed:  
 

• What is the severity of the consequences of the PPT failure?  
• What is the level of user knowledge and control of risk?  
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• What is the extent of first-, second-, or third-party involvement in the 
conformance assessment and what is the influence of those processes 
on the probability of conformance?  

• What laws and regulations exist that impact degree of conformance?  
• What are the incentives for producing compliant products and the deter-

rents to producing noncompliant products?  
• Is more than one form of PPT being used in the work task and, there-

fore, are there interface issues that need to be addressed? 
• What is the acceptable quality level in the quality assurance system? 
• Are there adequate standards with performance criteria and test meth-

ods? 
• How likely is a recall to get the products out of the hands of user? 
 
Through investigation of questions such as these a model could be devel-
oped that would ten be used to outline appropriate conformity assessment 
schemes and analyze conformity assessment for given products and uses. 
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5 
 

Conformity Assessment 
for Non-Respirator PPT:  
A Risk-Based Framework  

 
 
 
 
 
 
 

Given the wide range of current approaches used to conduct confor-
mity assessment that are described in part in Chapters 2 and 3, the com-
mittee saw the need for a structured framework to evaluate PPT products 
protecting against comparable risks. This chapter begins by establishing 
guiding principles that the committee believes are critical to determining 
the role of government in conformity assessment processes. The chapter 
then details the committee’s proposed tiered approach to conformity as-
sessment that is based on a systems engineering approach1 to risk as-
sessment. The necessary starting premise for PPT conformity assessment 
is that well-defined and adequate design specifications and performance 
standards with pass–fail criteria are in place for these products; the 
committee recognizes that further work on product standards is needed in 
some cases.  

 
 
GUIDING PRINCIPLES FOR CONFORMITY ASSESSMENT 
 
In discussions on conformity assessment issues, the committee real-

ized that several overarching principles were guiding its considerations. 
To determine the optimal approach for conformity assessment and then 

107 

                                                 
1Systems engineering is an interdisciplinary approach to product development across 

the cycle from conceptualization to production to operation. The process begins with 
defining customer needs and required functionality early in the development cycle, 
documenting requirements, and then proceeding to design synthesis and system valida-
tion while considering the complete product cycle: operations, performance, manufactur-
ing, testing, cost and schedule, training and support, and disposal (INCOSE, 2010).  
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implement that approach, the committee deemed the following as under-
lying principles to a conformity assessment framework: 

 
• Conformity assessment efforts for PPT should be focused on re-

ducing or eliminating the risks of worker injury, illness, or death; 
therefore the framework should be risk based.  

• End users can provide realistic and practical input into the types 
of equipment needed to protect against job hazards and should be 
involved in developing and implementing conformity assessment 
processes. 

• Adequate standards for product performance, use, and testing 
need to be clearly specified and serve as a prerequisite to con-
formity assessment. 

• The burden and cost of conformity assessment processes need to 
be considered.   

• A total lifecycle approach is needed that includes postmarketing 
testing, evaluation, and surveillance, as well as an effective recall 
system. 

• The conformity assessment process should promote and not in-
hibit product innovation. 

 
 

Risk-Based Approach 
 

The degree of potential risk to the user from the failure of a product 
during use in a specific task should determine the rigor of the conformity 
assessment process, whether the process calls for first-, second-, or third-
party declaration of conformity. The potential risk is a function of the 
probability of product failure and the impact on user health and safety 
due to the failure, assuming proper use of the product. For instance, if a 
bullet-proof vest is penetrated by a projectile, the impact can be fatal for 
the user; therefore, the degree of potential risk due to failure is high. The 
probability of occurrence of failure will depend on the task in which the 
worker is engaged. Thus, the potential risk to the safety and health of the 
worker should be the key factor in determining the type of conformity 
assessment process that should be adopted; the greater the risk to the end 
user in the event of product failure, the greater should be the rigor of the 
conformity assessment process. This could be implemented for PPT used 
in medium and high-risk work environments through independent third-
party testing and certifying processes.  
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Pragmatic Factors 
 

In addition to this health and safety perspective, a set of factors 
should be considered from a pragmatic perspective in the selection of the 
type of conformity assessment process. The pragmatic factors include the 
following:  

 
• Complexity of the product—design, manufacturing, and use; 
• Cost—economic and time: 
 

o Cost of nonconformance or penalty to manufacturers, includ-
ing legal liability, 

o Cost of the conformity assessment process and the financial 
burden on manufacturers, especially with respect to the pro-
duction volume, 

o Length of the conformity assessment process and its impact 
on the introduction of innovative technologies,  

o Duration of validity of certification and the cost and time as-
sociated with periodic recertification; 

 
• Degree of competition in the marketplace for the specific PPT 

and the barriers to entry for innovative products or new compa-
nies; 

• Availability of reliable test methods for effectively determining 
compliance; 

• Globalization of PPT production and deployment;  
• Follow-up and penalties on fraudulent products; and  
• Implications from a public health perspective.  
 
As the complexity of the product increases—in design, manufactur-

ing, or use—the chances of error or nonconformity increase. Moreover, 
if the product is part of an ensemble, the opportunities for interface-
related errors increase, and these could potentially compromise perform-
ance in the field. In such instances, the conformity assessment process 
becomes very important. If the cost of nonconformance is high for the 
manufacturer either because of severe penalties or loss of business, there 
may be a greater incentive for the manufacturer to ensure the conformity 
of the product. 

A cost is associated with the conformity assessment process. If the 
cost is prohibitively high, especially if the production volumes are low, 
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the cost may deter manufacturers from seeking conformity assessment, 
or they might attempt to pass on the increased cost to the customer, espe-
cially if the degree of competition is low, opportunities for substitution 
are minimal, or supply is limited, among many factors. Such increases in 
costs could potentially deter end-user organizations from procuring the 
necessary PPT due to budgetary constraints. If the duration of the con-
formity assessment process is long and arduous, it may delay the intro-
duction of newer technologies on an ongoing basis; in the extreme case, 
manufacturers may decide not to release newer technologies just to avoid 
the high conformity assessment costs. Of course, the manufacturer’s be-
havior will be governed by the degree of competition in the field for that 
PPT. Absence of competition or low levels of competition may cause 
manufacturers to delay introduction of newer technologies to avoid the 
cost of the conformity assessment process. 

If the manufacturing capabilities (equipment, infrastructure, and 
other resources) required for entering the market are significant, manu-
facturers who could potentially engage in the production of inferior 
products may be deterred. If defects in products can readily be seen or 
recognized by the user prior to use, the conformity assessment process 
may not need to be highly rigorous. If standard test methods have been 
defined and are readily available for assessing the conformance of the 
product to specifications, the conformity assessment process will be eas-
ier to implement. The costs and time associated with periodic recertifica-
tion are also important to the manufacturer. The PPT industry and 
marketplace are becoming increasingly global, which means production 
processes are distributed around the world as manufacturers attempt to 
respond to user needs and also reduce production costs. Consequently, 
strict process and quality control systems are needed in manufacturing, 
thus requiring a rigorous conformity assessment process. Finally, the use 
of such a process can serve as a deterrent to the entry of low quality, in-
effective, or counterfeit products in the marketplace that could poten-
tially compromise the user’s safety and health. 

Thus, in selecting the level of conformity assessment process for 
PPT, a holistic view of the health and safety and pragmatic perspectives 
must be considered, with the ultimate objective of ensuring that the right 
PPT is used by the worker for the task at hand.  

 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

A RISK-BASED FRAMEWORK  111 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

A TIERED APPROACH TO PPT 
CONFORMITY ASSESSMENT 

 
The basis for the tiered framework for non-respirator PPT confor-

mity assessment is the level of potential risk to the user in the event of 
product failure (equivalent to the worker not using PPT for the task) and 
other pragmatic considerations such as the size of the population using 
the product; the economics of the conformity assessment process; and 
other factors discussed earlier. In looking at the potential conformity as-
sessment approaches, federal agencies could play several roles, ranging 
from no intervention to complete oversight of the conformity assessment 
process. Other potential roles include laboratory accreditation, involve-
ment in the standards-setting process, development and assessment of 
potential test methods, post-marketing testing and evaluation, health sur-
veillance, enforcing penalties or providing incentives, and serving as an 
information clearinghouse.  

The committee considered other approaches currently in use that ap-
ply risk categorization to conformity assessment for PPT and other de-
vices. As described in earlier chapters, the European Union has a risk-
based approach to PPT conformity assessment and the FDA uses a 
broader risk-based categorization of medical devices. While the frame-
work developed by the committee is also risk-based, it does not attempt 
to duplicate or emulate those methodologies.  

The committee’s analysis and consideration of a wide range of con-
formity assessment approaches and issues detailed throughout this report 
have led to the proposed risk-based tiered categorization approach for 
PPT that is summarized in Table 5-1. Prior to implementing the confor-
mity assessment approaches, it would be the government’s responsibility 
to specify the required standards that must be met for PPT products used 
in the workplace, which is in keeping with the current role of OSHA and 
other regulatory agencies.  
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TABLE 5-1 Risk-Based Framework for Non-Respirator Personal Protective Technologies (PPT) Conformity PR
E

PU
B

L
IC

A
T

IO
N

 C
O

PY
: U

N
C

O
R

R
E

C
T

E
D

PR
O

O
FS 
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 Conformity Assessment Responsibilities 
Degree of 
Risk to the 
User’s 
Safety and 
Healtha 

 
 
 
Product 
Testing 

 
 
 
Accredit 
Testing Labs

 
 
Declaration of 
Product  
Compliance 

Conduct 
Post-Marketing 
Testing,  
Evaluation,  
Surveillance 

 
 
 
Recall 
Products 

 
 
Listing  of  
Certified 
Productsb 

 
 
Institute 
Tracking 
Label 

Provide 
Oversight to 
the Conformity 
Assessment 
Process 

Low First  party Voluntary First  party Voluntary First  party   First  party 

Medium Third party 

 

Third party Third party Third party Third party Federal govt. 
Agency 
 

 
Third party 

High Third party Third party Third party Third party  Third party Federal govt. 
agency 

Third party Federal govt. 
agency 

NOTE: The term third party is used to denote that the responsibility could be carried out by either private-sector organizations or federal 
government agencies that are independent of the product manufacturer. 
Govt. = government. 
aRisk is based on the potential for illness and injury that would result from failure of the PPT product.  
bListing could provide links to lists of certified products from third-party private-sector and government certifying organizations and agen-
cies. 
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PPT with Low Degree of Potential Risk: For products that present a 
low risk of injury, illness, or death to the user in the event of product 
failure, first-party testing and declaration of the product’s conformance 
to voluntary consensus standards would be adequate. Therefore, for PPT 
products for low-risk use, the role of federal agencies in the conformity 
assessment process would be to specify the standards to which the prod-
uct must conform and require first-party declaration by the manufacturer 
that the product meets the standards.  
 
PPT with Medium Degree of Potential Risk: For products that present 
a medium risk of injury, illness, or death to the user in the event of prod-
uct failure, third-party testing and declaration of conformity assessment 
would be required. The role of federal agencies in the conformity as-
sessment process would be to do the following: 

 
• Specify the required standards; and  
• Require third-party testing and certification by accredited entities.  
 

The committee recommends in Chapter 6 that the National Personal Pro-
tective Technology Laboratory (NPPTL) develop and maintain an online 
resource (available through a website and/or other sources) that provides 
access to lists of all certified products in this category (and for high-risk 
use). Such a resource could help end users identify the correct product 
for the specific task and allow for easy identification of products that do 
not meet required standards. Links could be provided to listings of certi-
fied products from third-party private-sector certifying organizations as 
well as to similar databases in other agencies such as the Coast Guard’s 
Maritime Information Exchange—Approved Equipment (USCG, 2010). 
Such a site would not only help end users select the correct PPT product, 
but it would also help spot problems and potentially prevent substandard 
products from reaching end users.  
 
 
PPT with High Degree of Potential Risk: For products that present a 
high risk of illness, injury, or death to the user in the event of product 
failure, third-party testing and declaration of conformity assessment 
would be required. The conformity assessment process should include 
the specification of design and performance standards, periodic (unan-
nounced) inspection of production facilities, evaluation of quality control 
techniques and standards in the manufacturing plants, product audits, 
post-marketing evaluations and surveillance, and enforcement. The role 
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of federal agencies in the conformity assessment process for these prod-
ucts would be to do the following: 
 

• Specify the required standards; 
• Require third-party testing and certification by accredited entities; 

and  
• Provide oversight to any technical issue that may arise and assist 

the certifying organization in the enforcement of the conformity 
assessment process for non-respiratory PPT.  

 
For products with high degree of risk in the event of product failure, ad-
ditional requirements would include the use of tracking labels that could 
lead to faster recall or compliance enforcement in the event of product 
failure. As in the case of products in the medium degree of risk category, 
NPPTL should provide a resource that provides access to lists of all certi-
fied products in this class (as described above).  

The committee recognizes that the proposed tiered approach to risk 
classification must be considered on an individual product basis and also 
take into account the specific task in which the PPT will be used. For 
instance, the degree of risk to the user’s hearing loss when using hearing 
protection in an automobile repair facility may be comparatively lower 
than the risk to another worker using hearing protective equipment on the 
airport runway. So, hearing protection PPT may call for two or more risk 
tiers. On the other hand, firefighters are subjected to a high degree of risk 
due to product failure when engaged in firefighting and hence their pro-
tective clothing may have only one tier or class of risk. Thus, the com-
mittee emphasizes that it is important to carefully evaluate the specific 
PPT product in conjunction with its use in a specific task and accordingly 
assign it to the appropriate risk category. Finally, the host of pragmatic 
factors presented earlier should be weighed in along with the health and 
safety factors in determining the appropriate level of conformity assess-
ment for that PPT product. Given the complexity and time required to 
develop such a detailed classification scheme, the committee did not en-
gage in that task and proposes it as a recommendation in Chapter 6.  

The committee recognizes that many conformity assessment proc-
esses already in place can fit into this framework. What will be important 
will be to make decisions that provide workers across all occupations 
who face risks of similar severity to be able to use protective equipment 
that is adequately tested and, where necessary, that there is third-party 
confirmation that the product is safe and effective for use. Classifications 
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of PPT should be revisited periodically as evidence and knowledge 
gained through health surveillance systems and analyses of the results of 
conformity assessment processes are accumulated over time.  
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Findings and Recommendations 
 
 

 
 
 
 
 
 
 
 

A COMPREHENSIVE RISK-BASED FRAMEWORK 
FOR PPT CONFORMITY ASSESSMENT 

 
In considering conformity assessment for personal protective tech-

nologies (PPT) used in the workplace, the committee recognized the 
broad array of PPT products and the wide range of job tasks that people 
perform while using this equipment. Within the same basic type of PPT, 
for example, gloves, there are wide variations in requirements that must 
be met to protect workers—protecting construction workers from lacera-
tions when handling sheet metal, healthcare workers handling chemo-
therapy agents, firefighters facing flames and hot surfaces, and 
agricultural workers applying pesticides. The lives or health of many 
members of the U.S. workforce depend on the proper selection and reli-
able performance of various types of PPT. Reliable conformance of these 
products to appropriate performance standards is critical.  

Current U.S. approaches to occupational PPT are fragmented, often 
by job sector. Little has been done to classify PPT products based on a 
comprehensive risk-based framework, which can then be used to identify 
gaps, prioritize resources, determine and direct conformity assessment 
efforts, and ensure consistent conformity assessment approaches for 
comparable products, with the goal of improving worker safety and 
health. In Chapter 5, the committee began the process toward a compre-
hensive framework by outlining the guiding principles and a risk-based 
approach that is needed to categorize PPT, and then outlining options for 
conformity assessment that could be associated with each category of 
PPT. Data on the occupational health risks of a specific job due to haz-
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ardous exposures in the workplace can be estimated based on knowledge 
about the exposure; this information can be used to categorize PPT. 

Throughout the report the committee documents a wide range of ap-
proaches to PPT conformity assessment and the varied nature of gov-
ernment agency involvement in  these processes. The role of federal 
agencies ranged from an all-encompassing role in each phase of confor-
mity assessment (e.g., respirators) to more specific roles such as stan-
dardized labeling (e.g., Noise Reduction Rating labels for hearing 
protection devices). Other roles for federal agencies include accrediting 
testing laboratories or specifying accreditation organizations. For some 
products, the government agency acts as the certifying organization. A 
unique government role in a voluntary third-party conformity assessment 
program is evidenced by the Bulletproof Vest Partnership Program, 
through which the Department of Justice provides a financial incentive 
through matching grants to law enforcement agencies to purchase com-
pliant body armor. Government agencies also play key roles in the re-
search needed to support standards development and conformity 
assessment processes, including the development and assessment of po-
tential test methods. Health surveillance also can be facilitated through 
the work of federal, state, or local agencies.  

The committee emphasizes that consistency in the level of rigor re-
quired for conformity assessment of PPT products used for tasks with 
comparable risks is a priority. Therefore, the first step is to establish a 
framework that will categorize similar products based on the level of risk 
(low, medium, or high) to the health or safety of the worker that could 
result from failure of the product (equivalent to not using PPT), while 
also considering feasibility,  cost, and other pragmatic factors described 
in Chapter 5 (e.g., cost of conformance, impediments to innovation, 
competition, comfort, durability, globalization, risk to manufacturer’s 
reputation due to poor product quality and/or product failure). Confor-
mity assessment requirements would be detailed for each category of 
products in the framework. Efforts will be needed to identify the gaps 
and inconsistencies in current approaches for specific types of PPT, par-
ticularly for those in the medium- and high-risk categories. Regulations 
mandating that PPT products used in the workplace adhere to conformity 
assessment and certification processes will be critical to ensuring that 
more rigorous product testing and audit requirements are met. An in-
creased role for third-party testing and conformity assessment is recom-
mended for many types of PPT because of the value of independent 
assessments in increasing the rigor of the process. As noted throughout 
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this report, third-party testing and declaration of conformity assessment 
can and are being done largely by third-party private-sector organiza-
tions, which is consistent with the approach of the National Technology 
Transfer and Advancement Act (Public Law 104-113). 

The recommendations provided in this chapter are focused on the 
role of NIOSH, and specifically NPPTL, as it is the only federal organi-
zation that is focused solely on PPT and therefore has a leadership role in 
addressing PPT issues. However, the actions that are recommended re-
quire coordination and cooperation with multiple federal agencies, pri-
vate-sector corporations and organizations, workers, and other 
stakeholders. Box 6-1 summarizes the findings of the committee regard-
ing non-respirator conformity assessment efforts. 

 
 

 
BOX 6-1 

Findings on Conformity Assessment 
 

Range of Conformity Assessment Efforts 
• Currently, conformity assessment efforts for non-respirator personal pro-

tective technologies (PPT) products involve a wide range of processes, 
some of which rely on manufacturers’ attestation that the product meets 
the relevant voluntary consensus standards and others that require third-
party independent testing and/or certifying that the product’s performance 
meets the required criteria. Several approaches to third-party conformity 
assessment processes using either mandatory or voluntary consensus 
standards appear to be successful in assessing the effectiveness of PPT.  

• The Food and Drug Administration and European Union use tiered, risk-
based approaches to conformity assessment of PPT; opportunities exist 
to enhance these processes. 

• Several mechanisms exist for accrediting private-sector laboratories and 
certifying organizations to conduct testing of PPT products. The accredi-
tation process based on American National Standards Insti-
tute/International Organization for Standardization requirements is 
commonly used for accrediting these organizations. 

• Product specifications and procurement practices that reference stan-
dards and conformity assessment mechanisms provide the basis for cli-
ent- and customer-driven systems.  

 
Product Standards 
• Product standards that require validated test methods and include ade-

quate pass/fail requirements are the basis for rigorous and thorough con-
formity assessment processes. End-user input is critical to the 
development of valid and useful standards.   

 
 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

120 CERTIFYING PERSONAL PROTECTIVE TECHNOLOGIES 
 

Role of Government Agencies 
• Involvement of federal government agencies in the conformity assess-

ment process for PPT has been shown to be beneficial for worker health 
and safety, as evidenced by certification of respirators and body armor. 
The role of federal agencies varies considerably among conformity as-
sessment processes. Although there are models of collaboration among 
government agencies (e.g., National Institute for Occupational Safety 
and Health, Environmental Protection Agency, and Department of Home-
land Security), opportunities to improve these relationships exist.  

• Government acquisition of products, structures, and services can dem-
onstrate leadership and better serve the public by specifying PPT that 
meet performance standards through procurement procedures.  

 
 

 
Recommendation 1: Develop and Implement Risk-Based 
Conformity Assessment Processes for Non-Respirator PPT 

 
The National Institute for Occupational Safety and Health 

(NIOSH) should work with other relevant government agencies, 
certifying and accrediting organizations, manufacturers, and end 
users to develop, implement, and support conformity assessment 
processes for non-respirator PPT. These conformity assessment 
processes should be commensurate with the level of risk of in-
jury, illness, or death that could result from failure of the PPT to 
protect the user from workplace hazards.  

NIOSH’s National Personal Protective Technology Labora-
tory (NPPTL) should serve in a leadership role and convene 
other relevant government agencies, certifying and accrediting 
organizations, manufacturers, and end users to develop and im-
plement a comprehensive, tiered risk-based framework for the 
classification and conformity assessment of PPT products for 
specific applications. This framework should be based on the de-
gree of risk to the safety and health of the user and other factors 
affecting the feasibility of implementing the proposed conformity 
assessment processes. To develop this framework and implement 
the conformity assessment processes, the committee recommends 
that:  

 
• Components of the tiered PPT conformity assessment 

framework include the following categories and actions:  
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o Low risk—manufacturer’s attestation to meet relevant 
standards 

o Medium risk—third-party testing and certification 
o High risk—third-party testing and certification with 

government involvement to provide oversight and to as-
sist in enforcement 

 
• Current processes and innovative models (e.g., probabilistic 

models) should be explored, where adequate data exist, for 
assessing the level of risk and incorporating other feasibility 
factors into categorizing PPT; 

• NIOSH NPPTL should work with other relevant federal 
agencies, manufacturers, organizations, and end users to 
identify current gaps and priorities in conformity assessment 
for medium- and high-risk PPT use, and to subsequently be 
engaged in developing and implementing the appropriate 
conformity assessment processes; 

• NPPTL and other government agencies should have the ap-
propriate level of engagement in the conformity assessment 
processes for non-respirator PPT depending on the risk 
level; and  

• Government contracts should specify that PPT used in work 
to fulfill those contracts must meet the requisite level of con-
formity assessment based on the comprehensive risk-based 
PPT framework.  

 
 

RESEARCH, SURVEILLANCE, AND COMMUNICATION 
 

As outlined in its vision statement, NPPTL aims to be the leading 
provider of quality and timely PPT research, training, and evaluation. 
NPPTL is already substantively involved in many aspects of conformity 
assessment for non-respirator PPT, particularly through active involve-
ment in voluntary standards development and development of test meth-
ods. Continued efforts in standards setting would be enhanced with 
NPPTL working with stakeholder organizations and other government 
agencies to encourage and promote end-user involvement in the devel-
opment of voluntary consensus standards.  

As a research agency, NPPTL is well suited to furthering its ongoing 
efforts to develop test methods and conduct research that contributes to 
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the development of voluntary consensus standards and other conformity 
assessment efforts for improving PPT. In particular the committee em-
phasizes protective ensembles and believes that NPPTL should focus 
efforts on PPT interface and related issues that are important in ensuring 
the effective use of multiple types of PPT or integrated ensembles. A 
new area for exploration could be the development and evaluation of the 
effectiveness of integrated ensembles for healthcare worker infection 
control precautions.  

Increased post-marketing testing, evaluation, and surveillance are 
key factors in enhancing PPT products for worker use. The limited avail-
ability of data on product effectiveness across the lifecycle of PPT, and 
in particular on PPT use in the workplace (including use of PPT in emer-
gency conditions), is currently hindering improvements in PPT and PPT 
conformity assessment processes. A surveillance network that draws on 
and expands current surveillance systems already in place (see Chapter 
2) could provide information needed to identify workplace tasks where 
injuries, illnesses, or deaths are occurring because of noncompliant 
and/or poorly manufactured PPT, inadequately or incorrectly labeled 
PPT, the PPT not being provided by the employer, and/or any end-user 
performance issues associated with PPT (e.g., the incorrect use of PPT 
due to inadequate or improper training that could shed light on PPT train-
ing needs). This type of information will also support the development of 
an effective PPT recall system to prevent additional worker injury or ill-
ness when PPT performance problems are identified.  

The fragmented nature of current PPT conformity assessment has re-
sulted in multiple and diverse sources of information that employers, 
workers, and others need to consult in order to identify certified equip-
ment or find independent information on non-respirator PPT. NPPTL 
currently administers its Certified Equipment List, which details the res-
pirators and respirator components that meet certification criteria. This 
has been found to be valuable to end users and administrators responsible 
for selecting and providing respirator protection for workers. Similarly, 
the Responder Knowledge Base is a comprehensive resource for select-
ing emergency responder PPT. A single reputable source of information 
on all certified PPT is needed to provide end users, employers, and pur-
chasers the ability to make informed PPT selections for a wide range of 
jobs and job tasks. This listing (available through a website and/or other 
sources) should include data on the product, relevant standards, the certi-
fication mark, date of certification, training requirements for safe use, 
and any product recalls and safety alerts about PPT. This expanded list of 
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certified equipment could link to lists of certified equipment from ac-
credited third-party certifying organizations. Integrating information into 
this resource from the proposed surveillance system could provide addi-
tional information on PPT products. Box 6-2 summarizes the commit-
tee’s findings on research, surveillance, and communication issues.  
 
 

 
BOX 6-2 

Findings on Research, Surveillance, and Communication 
 

NPPTL Expertise 
• The National Personal Protective Technology Laboratory (NPPTL) has 

unique expertise in personal protective technologies (PPT). There are 
opportunities for NPPTL to play an expanded role in standards setting 
and conformity assessment for non-respirator PPT, including research, 
surveillance, and communication.  

 
PPT for Healthcare Workers in an Influenza Pandemic 
• The unique strengths and expertise of the NPPTL, part of the National 

Institute for Occupational Safety and Health, could be better used to en-
hance PPT for healthcare workers through increased collaborations with 
the Food and Drug Administration.  

 
Limits on Current Data and Need for Enhanced Surveillance and Post-
Marketing Evaluation Data  
• Assessing the impact of conformity assessment processes for specific 

PPT on worker safety and health is a challenge because of limited data 
collection systems and the difficulty in collecting data, especially in oc-
cupations where: (1) multiple safety measures are implemented; (2) ex-
posures are intermittent or variable; or (3) risks are poorly characterized. 
Surveillance systems and follow-up data on field use of PPT are needed 
to determine where improvements are needed in standards and confor-
mity assessment processes. 

 
Communication of PPT Conformity Assessment  

• Currently there is no comprehensive repository or database with gov-
ernment oversight that provides information to end users on certified 
non-respirator PPT. This information is needed so that end users can 
select PPT to meet the required standards for a specific work task. 
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Recommendation 2: Enhance Research, Standards Development, 
and Communication  
 

NIOSH NPPTL should continue and expand its role in PPT 
conformity assessment. Specifically, NPPTL should: 
 
• Continue its involvement in standards-setting processes and 

committees and facilitate end-user participation in voluntary 
consensus performance-based standards; 

• Expand research efforts on non-respirator PPT (based on 
risk assessment and opportunities) to include further efforts 
to establish standards and to develop test methods;  

• Develop and maintain an online resource (available through 
a website and other sources) that provides access to listings 
of all non-respirator PPT products that meet third-party 
conformity assessment requirements;  

• Expand its role and become the primary clearinghouse for 
reliable information on non-respirator PPT;  

• Fund research and support standards development necessary 
to test and certify protective ensembles, develop criteria for 
standardized interfaces, and flag non-conforming ensemble 
components; and 

• Expand its efforts in influenza pandemic-related research 
and conformity assessment for infection control ensembles. 

 
 

Recommendation 3: Establish a PPT and Occupational Safety 
and Health Surveillance System 
 

NIOSH should work with the Consumer Product Safety 
Commission (CPSC), Food and Drug Administration (FDA), Oc-
cupational Safety and Health Administration (OSHA), third-
party certifying organizations, and other relevant organizations 
to establish an electronic PPT and Occupational Safety and 
Health Surveillance System that includes data on PPT product 
effectiveness in the workplace. This system would involve the col-
lection and analysis of data across the lifecycle of PPT products 
(from design and production to worker use and maintenance) on 
the use of PPT, the failure of PPT, and adverse outcomes (injury, 
illness, fatality) that occur while wearing PPT in the workplace, 
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including information on the performance standards assessed 
and adherence to labeling requirements. These efforts should 
collect and analyze data on PPT product effectiveness in the field 
by collaborating with existing surveillance programs and ex-
panding where needed to incorporate data collection on PPT use 
across industries including product recall information. The sur-
veillance system should link to the expanded Certified Equip-
ment List. Potential sources of collaboration include: 

 
• Other NIOSH surveillance and data collection systems, in-

cluding the Fatality Assessment and Control Evaluation pro-
gram, health hazard evaluations, and the Sentinel Event 
Notification System for Occupational Risk (SENSOR); 

• CPSC’s recall database, unsafe product reporting system, 
and the National Electronic Injury Surveillance System 
(NEISS); 

• The FDA’s surveillance and adverse event reporting data-
bases, such as the Medical Product Safety Network (Med-
Sun), the FDA Safety Information and Adverse Event 
Reporting Program (Med Watch), and the Manufacturer 
and User Facility Device Experience (MAUDE) database; 
and 

• OSHA’s injury and fatality investigations and surveys to col-
lect information about injuries or illnesses potentially due to 
the failure of PPT. 
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7 
 

Toward a Comprehensive Approach 
to Safe and Effective Personal Protective 

Technologies for Workers  
 
 

 
 
 
 
 
As noted throughout this report, there are currently a number of in-

consistencies in the nature and rigor of the conformity assessment proc-
esses that PPT products are required to meet in the United States. To 
ensure that workers are using PPT that meets required standards, the 
committee has recommended that the NIOSH National Personal Protec-
tive Technology Laboratory (NPPTL) work with other agencies, stan-
dards and certifying organizations, end users, and others to develop and 
implement a tiered risk-based approach that would categorize various 
types of PPT and apply consistent conformity assessment requirements. 
From the committee’s perspective, this tiered approach has the advantage 
of addressing all types of non-respirator PPT and raising the quality of 
PPT conformity assessment. Although implementing this approach will 
be a major effort, it will incentivize non-respirator PPT developers and 
manufacturers to innovate and develop new products and technologies 
expeditiously to further enhance worker safety and health. This commit-
ment to improve non-respirator PPT by strengthening the conformity 
assessment processes also necessitates an equally strong commitment to 
training and use of PPT. Equipment that successfully passes the confor-
mity assessment process will not protect the worker if the selection and 
fit are incorrect, the PPT is not provided by the employer, or the PPT is 
used improperly.  

The rapid entry of certified products and technologies into the mar-
ketplace and workplace is critical, especially during events such as the 
recent novel H1N1 influenza pandemic. While federal agencies have 
processes in place for emergency authorizations to rapidly approve prod-
ucts for deployment in such situations, the proposed comprehensive ap-
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proach to risk analysis and conformity assessment will eliminate the need 
to operate in a crisis mode that could inadvertently lead to the entry of 
unsafe products into the marketplace. Adopting a systems approach to 
conformity assessment for non-respirator PPT will complement the sys-
tems approach to PPT design and development recommended in a prior 
IOM report (IOM, 2008) and will also lead to an integrated system for 
certifying and regulating PPT. 
 What will it take to make this change happen? First, government 
agencies, employers, workers, and other stakeholders must recognize that 
improving the health and safety of workers is of critical importance and 
impacts both economic and national security. For example, the shortage 
of healthcare workers during an influenza pandemic (due to lack of ef-
fective PPT or other reasons) can negatively impact the nation’s health, 
productivity, and security. Second, adequate resources and staffing will 
be required of relevant government agencies, labor and manufacturing 
organizations, standards-setting organizations, third-party testing labora-
tories and certifying organizations, and others engaged in ensuring the 
safety and effectiveness of PPT. Third, PPT end users must actively par-
ticipate in the process by providing feedback based on experience in us-
ing PPT in work and emergency situations. Fourth, demand for certified 
products needs to be made evident. Professional organizations specific to 
various occupations (e.g., Joint Commission) must reinforce the requisite 
conformity assessment processes for products used by workers in those 
fields. Government and private-sector contracts need to specify that PPT 
used in that work must meet performance criteria.  Finally and most im-
portantly, regulatory requirements will largely drive whether change oc-
curs. OSHA and MSHA regulations that stipulate requirements for third-
party testing and certification, where applicable, can provide the impetus 
to drive the change that will result in a more consistent, comprehensive, 
and risk-based approach to PPT conformity assessment. The goal is en-
suring and maintaining a safe and healthy workforce.  
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*Certification is defined broadly to encompass the entire conformity assessment 
process. The workshop and study are focused on non-respiratory personal 
protective technologies.  
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Agendas of Public Meetings 
 
 
 
 
 
 
 
 
 
 

INSTITUTE OF MEDICINE 
Board on Health Sciences Policy 

 
COMMITTEE ON THE CERTIFICATION* OF PERSONAL 

PROTECTIVE TECHNOLOGIES 
 

The National Academies  
Keck Center 
Room 109 

500 Fifth Street, NW  
Washington, DC  

 
AGENDA 

 
Open Session 
Thursday, January 28, 2010 
 
10:30 a.m. Welcome and Introductions 
 Howard Cohen, Committee Chair 
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 Sponsor’s Charge to the Committee and Background 

Information  
Maryann D’Alessandro, Associate Director for 

Science, NPPTL, NIOSH 
Les Boord, Director, NPPTL, NIOSH 

 
 Discussion 
 

12:00 p.m. Lunch 
 

  1:00 p.m. Context for the Study  
   1:00–1:45 Overview of Product Conformity 

Assessment and Examples of Various 
Approaches to Certification  

  Gordon Gillerman, NIST 
  
  Discussion 
  
   1:45–2:30 ASTM International–Certification 

Program  
  Tim Brooke, ASTM  
   
  Discussion 
 
   2:30–2:45 Break 
 
   2:45–3:30 Certification of Personal Flotation Devices  
  Sam Wehr, Independent Consultant 
   
  Discussion 
 
  3:30 p.m. Adjourn Open Session 
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COMMITTEE ON THE CERTIFICATION* OF PERSONAL 
PROTECTIVE TECHNOLOGIES 

 
WORKSHOP 

 
Tuesday, April 13, 2010 

Keck Center of the National Academies 
500 Fifth Street, NW 

Room 100 
Washington, DC 

 
 

  8:00 a.m.  Welcome and Opening Remarks 
Howard Cohen, Committee Chair 

 
  8:10 a.m. Overview and Terminology 

Gordon Gillerman, National Institute of Standards 
and Technology 

 
  8:30 a.m. Session 1: Current Certification Efforts in PPT:  

Firefighter Ensembles  
  Facilitator: Roger Barker 

 
  8:30–8:40 Overview of the Process 
 Roger Barker 
  8:40–8:50 Richard Duffy 
  International Association of Fire 

Fighters 
  8:50–9:00 Diane Haithcock 
  Underwriters Laboratories 
  9:00–9:10 Eric Beck, MSA  
  9:10–9:30 Discussion with the Committee  

 
 Questions:  

• Overview of the conformity assessment process 
for firefighter protective equipment: Who sets 
the standards? What products or materials are 
tested? Who does the testing? Who accredits the 
testing labs? Who provides the certification?  

• Why was this process developed? What is or 
should be the role of government in the 
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certification process? What factors were 
considered in establishing the process as a 
third-party testing process?  

• What is the typical time line? What is the typical 
fee structure? What is the duration of validity of 
the certification? What post-marketing 
surveillance activities are conducted? What 
production oversight procedures are in place? 
How are mislabeling or other false assertions of 
certification addressed? 

• What are the incentives or barriers to assessing 
and asserting conformity?  

• What are the challenges regarding innovation, 
interfaces among PPT components, etc.? What 
needs to be done to improve the conformity 
assessment process? What value is added by 
having a conformity assessment/certification 
process in place? Are data available on how 
certification of firefighter ensembles impacts 
firefighter safety and health? 

 
  9:30 a.m. Session 2: Current Conformity Assessment 

Efforts: Other Products 
  Facilitator: Melissa McDiarmid 

 
  9:30–9:45 Body Armor Safety Initiative 

 Lance Miller, National Law 
Enforcement and Corrections 
Technology Center  

  9:45–10:00 EPA Noise Reduction Rating Program 
 Ken Feith, Environmental Protection 

Agency 
10:00–10:15 Consumer Product Safety 

 Gib Mullan, Consumer Product Safety 
Commission  

10:15–10:30 CBRN Ensembles for Law 
Enforcement  

 Debra Stoe, National Institute of 
Justice  

10:30–11:00 Discussion with the Committee 
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Questions: 
• Overview of the certification/conformity 

assessment processes: Who sets standards? Who 
tests? Who accredits? Who provides the 
certification? What value is added by having a 
conformity assessment/certification process in 
place? 

• What is the role of government in the process? 
How were decisions made regarding the role of 
government? 

• What is the typical fee structure?  
• What is the duration of validity of the 

certification? What production oversight 
procedures are in place? What post-marketing 
surveillance activities are conducted? How are 
mislabeling or other errors in assertions of 
conformity assessment addressed? 

• What are the challenges regarding innovation? 
What are the incentives or barriers to assessing 
and asserting conformity? What needs to be 
done to improve the conformity assessment 
process? Are data available on how certification 
impacts worker or consumer safety? 
 
 

11:00 a.m. Session 3: Measuring the Impact of Certification 
on Worker Safety and Health  
Facilitator: Barbara Burgel 
 

11:00–11:15 Patricia Gleason, Safety Equipment 
Institute 

11:15–11:30 Preston Anderson, Sperian Fall 
Protection  

11:30–11:45 Discussion with the Committee 
 

Questions: 
• How do standards and conformity 

assessment/certification impact worker safety? 
What data are available? 
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• What value is added by having a 
certification/conformity assessment process in 
place? 

 
11:45 a.m. Lunch 
 
12:30 p.m. Session 4: Incentives and Barriers to Conformity 

Assessment and Certification 
Facilitator: Jim Johnson 
 

12:30–12:45 Ginny Fitzner, Directorate of 
Standards and Guidance, 
Occupational Safety and Health 
Administration  

 Kevin Robinson, Nationally 
Recognized Testing Laboratories 
Program, OSHA 

12:45–12:55 Louise Kuhny, Joint Commission (via 
phone) 

12:55–1:05 Robin Scott, Sport Dimension 
  1:05–1:15 Dan Shipp, International Safety 

Equipment Association 
  1:15–1:45 Discussion with the Committee 

 
 Questions: 

• What drives the need for conformity 
assessment/certification? For government? For 
manufacturers? For consumers? How is the 
balance determined between being overly 
prescriptive and not prescriptive enough? 

• What issues do regulatory or accrediting 
organizations consider in stipulating the need 
for products to meet specific standards or 
certification requirements? 

• What is the value of certification in terms of 
patient safety and worker safety? Does the Joint 
Commission provide feedback or incentive to 
healthcare facilities that choose to purchase 
certified equipment? Does the Joint Commission 
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have any PPT standards related to healthcare 
worker safety?   

• What are the relative costs of various 
certification mechanisms to the final product 
and what are the differences in manufacturing to 
meet different certification requirements 
globally? 

• How does a manufacturer decide if it is worth 
investing in third party testing or certification or 
if a new product is worth bringing to market if 
certification is required? 

 
  1:45 p.m.  Session 5: Risk-Based Approaches to Conformity 

Assessment 
   Facilitator: Anugrah Shaw  
 

  1:45–2:00 Gordon Gillerman, National Institute 
of Standards and Technology 

  2:00–2:15  Markham Luke, Center for Devices 
and Radiological Health, Food 
and Drug Administration 

  2:15–2:45 Discussion with the Committee 
 
 Questions: 

• What risk-based approaches have been used to 
develop current conformity assessment 
processes? 

• Should the development of a conformity 
assessment process take into account the 
effectiveness of recalls in the product category 
or consider the likelihood that the user can 
effectively determine the quality and suitability 
of the product for the intended use? 

• What current process is used at the FDA to 
assess the level of risk of a medical device and 
make determinations about the device class and 
whether the 510(k) process is required? Are 
medical device determinations predominantly 
based on risk to the patient or the healthcare 
worker or both? What are the current post-
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marketing surveillance efforts for device safety? 
Are any medical devices required to go through 
third-party testing prior to FDA clearance? 
How are devices (e.g., gowns) regulated that are 
sold without having gone through the FDA 
medical device clearance process? 

 
  2:45 p.m. Session 6: Case Study: Healthcare Worker 

Gloves 
  Facilitator: Alex Isakov 
   

  2:45–3:00 Terrell Cunningham, Food and Drug 
Administration 

  3:00–3:15 Michael Zedalis, Ansell Healthcare, 
LLC 

  3:15–3:30 David Hermann, Aspen Healthcare 
Metrics 

  3:30–3:45 Sharon Welbel, Cook County Health 
and Hospitals System  

  3:45–4:15 Discussion with the Committee 
 

Questions: 
• What is the current FDA process and what 

standards are required to be met for FDA 510(k) 
clearance? 

• Should a more in-depth conformity assessment 
process be implemented for gloves used in 
health care? If so, what type of process? If not, 
why? 

• Are there adequate performance standards in 
place to test various types of gloves to see if they 
would meet certification requirements? If not, 
what’s needed?  

• What are the reasons why third-party testing 
and certification efforts have not been developed 
to date? 

• What incentives and barriers would there be for 
implementing a more in-depth 
certification/conformity assessment process? 
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• What risk-based approaches could be used to 
determine the type of conformity assessment 
processes needed for the various types of 
gloves? 

• What factors go into the decision to purchase? 
Would a third-party certification process make a 
difference in purchasing decisions? 

 
  4:15 p.m. Public Comment–Registered Speakers 
   Moderator: Howard Cohen 
 
  5:00 p.m. Adjourn 
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Workshop Participants 
 
 
 
 
 
 
 
 
 
 
 

Preston Anderson 
Engineering Manager 
Sperian Fall Protection, Inc. 
 
Edward Bailor 
Inspector (retired),  
 U.S. Capitol Police 
InterAgency Board 
 
Roger L. Barker 
Professor 
North Carolina State University 
 
Eric Beck 
Director of Marketing and Product 

Planning 
MSA, Inc. 
 
Rebecca Beck 
Electrical Engineer 
MSA, Inc. 
 

 
 
 
 
 
 
 
 
 
 

Roland Berry Ann 
Deputy Director 
National Personal Protective 

Technology Laboratory  
 
Les Boord 
Director 
National Personal Protective 

Technology Laboratory 
 
Janice Comer Bradley 
Technical Director 
Waste Equipment Technology 

Association 
 
Tim Brooke 
AVP Standards Development 
ASTM International 
 
Gavin Burdge 
Industrial Hygienist 
BMT Designers and Planners 
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Barbara Burgel 
Occupational Health Nurse-

Specialist 
Community Health Systems 
University of California– 

San Francisco 
 
Howard J. Cohen 
Professor of Occupational 
  Safety and Health, Emeritus 
University of New Haven 
 
Terrell Cunningham 
Nurse Consultant/Reviewer 
Infection Control Devices Branch  
Center for Devices and 

Radiological Health 
Food and Drug Administration 
 
Maryann D’Alessandro 
Associate Director for Science 
National Personal Protective 

Technology Laboratory  
 
Dack Dalrymple 
Principal 
Dalrymple & Associates, LLC 
 
Richard M. Duffy 
Assistant to the General President 
Occupational Health, Safety and 

Medicine 
International Association of Fire 

Fighters 
 
Michael Easterbrook 
Professor of Ophthalmology  
University of Toronto 
 
 

Christina Egan 
Director 
Biodefense Laboratory 
Wadsworth Center 
New York State Department of 

Health 
 
Cristine Fargo 
Manager, Standards and 

Membership Services 
International Safety Equipment 

Association 
 
Ken E. Feith 
Senior Scientist 

U.S. Environmental Protection 
Agency 

 
Ginny Fitzner 
Directorate of Standards and 

Guidance 
Occupational Safety and Health 

Administration 
 
Tim Gardner 
Regulatory Manager 
3M Occupational Health 
 
Gordon Gillerman 
Chief 
Standards Services Division 
National Institute of Standards 

and Technology 
 
Patricia A. Gleason 
President 
Safety Equipment Institute 
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Larry Green 
Engineer 
Syntech, Intl. 
 
Diane Haithcock 
Section Manager III 
Personal Protective Equipment 
Conformity Assessment Services 
Underwriters Laboratories 
 
David Hermann 
Vice President 
Aspen Healthcare Metrics 
 
Alexander Isakov 
Executive Director 
Office of Critical Event 

Preparedness and Response 
Emory University 
 
Sundaresan Jayaraman 
Professor 
Georgia Institute of Technology 
 
James S. Johnson 
Consultant 
JSJ and Associates 
 
F. Selcen Kilinc-Balci 
Senior Service Fellow 
National Personal Protective 

Technology Laboratory 
 
Joann Kline 
Regulatory Affairs Technical 

Leader 
Kimberly-Clark Professional 
 
 
 

Louise Kuhny 
Senior Associate Director 
Standards Interpretation 
The Joint Commission 
 
Cathy Liverman 
Study Director 
Institute of Medicine 
 
Markham C. Luke 
Clinical Deputy Director 
Office of Device Evaluation, 

Center for Devices and 
Radiological Health 

Food and Drug Administration 
 
Philip Mattson  
Program Manager 
Department of Homeland Security  
 
Melissa A. McDiarmid 
Professor of Medicine 
Director, Occupational Health 

Program 
University of Maryland School of 

Medicine 
 
Lance Miller 
Director 
National Law Enforcement and 

Corrections Technology Center 
 
J. Gibson Mullan 
Director, Compliance and Field 

Operations 
U.S. Consumer Product Safety 

Commission 
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Mary Ogg 
Perioperative Nursing Specialist 
AORN 
 
Jamie Phillips 
Conformity Assessment 

Coordinator 
National Law Enforcement and 

Corrections Technology Center  
 
Andrew M. Pope 
Director, Board on Health 

Sciences Policy 
Institute of Medicine 
 
Kevin Robinson 
Office of Technical Programs & 

Coordination Activities 
Occupational Safety and Health 

Administration 
 
Robin T. Scott 
Consultant 
Sport Dimension, Inc. 
 
Ron Shaffer 
Branch Chief 
National Personal Protective 

Technology Laboratory 
 
Anugrah Shaw 
Professor 
University of Maryland–Eastern 

Shore 
 
Angie Shepherd 
General Engineer 
National Personal Protective 

Technology Laboratory 
 

Daniel K. Shipp 
President 
International Safety Equipment 

Association 
 
Natalia Stakhiv 
Occupational Safety and Health 

Administration 
 
Debra Stoe 
Physical Scientist 
National Institute of Justice 
Department of Justice 
 
Jonathan Szalajda 
Chief 
Policy and Standards 

Development Branch  
National Personal Protective 

Technology Laboratory 
 
Lisa Tomlinson 
Sr. Director, Government Affairs 
Association for Professionals in 

Infection Control and 
Epidemiology 

 
Tanya Wanchek 
Health Economist 
Center for Economic and Policy 

Studies 
University of Virginia 
 
Robert Weber 
Regulatory Affairs & Quality 

Manager 
3M 
 
Samuel E. Wehr 
Standards & Regulations Manager 
Mustang Survival Corp.  
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Sharon Welbel 
John H. Stroger Jr. Hospital of 

Cook County 
 
Michael S. Zedalis 
Senior Vice President, Science & 

Technology 
Ansell Healthcare, LLC 
 
James Zeigler 
Research Associate 
DuPont Protection Technologies 
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Biographical Sketches 
of Committee Members 

 
 
 
 
 
 
 
 

Howard J. Cohen, M.P.H., Ph.D., CIH (Chair), is professor emeritus at 
the University of New Haven, where he was professor and chair of the 
Occupational Safety and Health Department. He is an associate (adjunct) 
professor at Yale University’s Department of Occupational and Envi-
ronmental Medicine. He formerly was the manager of industrial hygiene 
at the Olin Corporation and editor in chief of the American Industrial 
Hygiene Association (AIHA) Journal. He is certified in the comprehen-
sive practice of industrial hygiene by the American Board of Industrial 
Hygiene. Dr. Cohen is the former chair of the American National Stan-
dards Institute (ANSI) Z88.2 committee on respiratory protection and a 
current member of the editorial board of the Journal of Occupational and 
Environmental Hygiene. He is the past chair of the AIHA’s respiratory 
protection committee, a past president of the Connecticut River Valley 
Chapter of the AIHA, and a past officer and treasurer of the American 
Board of Industrial Hygiene. Dr. Cohen served on the Institute of Medi-
cine (IOM) Committee on Personal Protective Equipment for Healthcare 
Workers During an Influenza Pandemic and on the IOM Standing Com-
mittee on Personal Protective Equipment for Workplace Safety and 
Health. He is currently working as a consultant to the Veterans Admini-
stration’s North Florida/South Georgia Center for Occupational Safety 
and Infectious Disease (on the Advisory Board and assisting on an up-
coming clinical study of influenza). Dr. Cohen is also a consultant to a 
pharmaceutical company that has developed the first Food and Drug 
Administration/National Institute for Occupational Safety and Health- 
(NIOSH-) certified antiviral N95 surgical respirator. He is a graduate of 
Boston University, where he received a B.A. in Biology. Dr. Cohen re-



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

146 CERTIFICATION OF PERSONAL PROTECTIVE TECHNOLOGIES 
 
ceived his M.P.H. and Ph.D. in Industrial Health from the University of 
Michigan. 

Roger L. Barker, Ph.D., is the Burlington Distinguished Professor in 
the Department of Textile Engineering, Chemistry, and Science at North 
Carolina State University and director of the Center for Research on Tex-
tile Protection and Comfort. He has been engaged in research and stan-
dards development for protective clothing for more than 20 years and is 
internationally recognized for his work in the field of protective clothing 
systems. Dr. Barker has published many technical papers on the protec-
tive properties of textile materials and clothing and on testing methods 
used for evaluation. He is active in the National Fire Protection Associa-
tion (NFPA), ASTM International, and the International Organization for 
Standardization (ISO) committees involved in the development of stan-
dards for measurement for personal protective equipment. Dr. Barker 
holds B.S. and M.S. degrees in Physics from the University of Tennessee 
and a Ph.D. in Textile and Polymer Science from Clemson University. 
 
Barbara Burgel, R.N., Ph.D., FAAN, is a certified occupational health 
nurse-specialist and clinical professor in the Department of Community 
Health Systems at the University of California–San Francisco (UCSF). 
She served on the board of directors for the American Board for Occupa-
tional Health Nurses. Her research focuses on evaluating the health and 
safety of low-wage workers. She has also acted as vice chair in the De-
partment of Community Health Systems at UCSF. From 2000 to 2006, 
Dr. Burgel served as clinical director of the Community Occupational 
Health Project, funded by both the California Wellness Foundation and 
the California Endowment to provide education, outreach, and free 
weekly clinical services to low-wage immigrant workers in Alameda 
County. This faculty practice resulted in a major report on garment 
worker health and safety, three peer-reviewed publications, multiple 
presentations at national and international meetings, and extensive public 
press media coverage. She is currently pursuing a research project on taxi 
driver health and safety. Dr. Burgel has served in many professional or-
ganizations, including the American Nurses Association/California, 
American Association of Occupational Health Nurses, American Board 
for Occupational Health Nurses, International Commission on Occupa-
tional Health, and American Academy of Nursing. Dr. Burgel has also 
acted as a consultant for many governmental, industrial, and nonprofit 
groups, including NIOSH, the California State Health Department, Life-
Masters, and Literacy for Environmental Justice. She received a B.S.N. 
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from University of Michigan before completing an M.S. in Nursing from 
UCSF. At that time she became a registered nurse practitioner in Califor-
nia and then a clinical instructor and professor. Dr. Burgel completed her 
Ph.D. at UCSF.   
 
Janice Comer-Bradley, M.A., is the executive vice president for the 
Waste Equipment Technology Association (WASTEC), where she repre-
sents manufacturers of equipment and technologies as well as service 
providers for the refuse and recycling industry. Prior to joining 
WASTEC, she was the vice president and technical director for the In-
ternational Safety Equipment Association, where she managed the volun-
tary standards-setting and technical activities of 13 product groups 
representing suppliers of safety and health equipment. She works closely 
with federal regulatory agencies and outside standards bodies to influ-
ence activities that affect the manufacture, use, distribution, and confor-
mity assessment of trash and recycling equipment, and she represents 
WASTEC on numerous committees, government panels, and association 
boards. Ms. Bradley has also spent a significant portion of her career in 
the higher education and healthcare industries as the director of environ-
mental health and safety for Rockefeller University in New York City, 
the university health and safety officer for Brown University, and the 
safety specialist for the Department of Veterans Affairs Medical Center 
in Dayton, OH. Ms. Bradley is a safety professional certified by the 
American Society of Safety Engineers. She has been an adjunct professor 
at Georgetown University, teaching a graduate-level course in the 
M.B.A. program that introduces future business leaders to workplace 
safety and health issues. Ms. Bradley earned a B.S. from the University 
of Dayton and a master’s degree in Environmental Studies from Brown 
University. 
 
Michael Easterbrook, M.D., is a professor of ophthalmology at the 
University of Toronto. He is presently on active staff at the Toronto 
Western Hospital, St. Michael’s Hospital, Princess Margaret Hospital, 
and Mt. Sinai Hospital. For 25 years, Dr. Easterbrook was the eye sur-
geon for the Toronto Maple Leafs hockey team. For the past 10 years, he 
has been the consultant to the Toronto Raptors basketball team and most 
recently to the Toronto FC professional soccer club. Dr. Easterbrook has 
been active in preventing eye injuries in sport at both the amateur and 
professional levels. He is a medical consultant to the World Squash As-
sociation, Squash Canada, and Squash Ontario, and has consulted for the 
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Canadian Badminton Association, American Amateur Racquetball Asso-
ciation, and Canadian Standards Association. He has written standards 
for prevention of eye injuries in sports, and lectures both nationally and 
internationally on his interests. Dr. Easterbrook graduated from the Uni-
versity of Toronto Medical School. He did a year of residency in Neurol-
ogy at Montreal General, followed by 3 years of Ophthalmology in 
Toronto. A Fellowship in uveitis and external disease was followed at the 
Proctor Institute at UCSF. 
 
Christina Egan, Ph.D., is director of the Biodefense Laboratory at the 
Wadsworth Center, New York State Department of Health. Dr. Egan’s 
job duties include implementation of Laboratory Response Network pro-
tocols and policies as well as development of methods to counteract bio-
threats. Dr. Egan also participates in the New York State (NYS) 
Environmental Laboratory Approval Program and NYS Clinical Labora-
tory Approval Program by helping to develop surveys, guidelines, and 
checklists for laboratories interested in analyzing biothreat specimens 
and samples. In this capacity, she has performed onsite inspections and 
reviewed laboratory methods and protocols. She has participated on a 
number of federal and state committees to create standards for biothreat 
detection methods and has developed and provided training courses for 
first responders as well as clinical laboratorians. Dr. Egan serves on the 
Science and Technology Subcommittee of the national InterAgency 
Board for Equipment Standardization and Interoperability. She has re-
ceived the designation of Certified Biological Safety Personnel through 
the National Registry of Certified Microbiologists. She is an assistant 
professor in the State University of New York School of Public Health, 
Department of Biomedical Sciences. Dr. Egan received a B.S. from Sie-
na College prior to obtaining a Ph.D. in Pharmacology from Albany 
Medical College. 
 
Alexander Isakov, M.D., M.P.H., is the founding director of the Emory 
University Office of Critical Event Preparedness and Response, which 
reports to the university president and serves as the center for Emory’s 
enterprise-wide planning for and coordinated response to catastrophic 
events. He is an associate professor of emergency medicine, and directs 
Emory’s Section of Prehospital and Disaster Medicine, whose faculty 
provides medical oversight for 911 ground and air ambulance responders 
in the City of Atlanta/Fulton County, GA. He also directs the Grady 
Emergency Medical Services Bio-Safety Transport Program, which sup-
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ports Emory University, the Centers for Disease Control and Prevention, 
and Hartsfield-Jackson International Airport for the transport of indi-
viduals who pose a serious communicable disease risk. Dr. Isakov prac-
tices clinically in the emergency departments of Grady Memorial 
Hospital, Atlanta’s primary safety-net hospital and level 1 trauma center, 
and Emory University Hospital.  
 
Sundaresan Jayaraman, Ph.D., is the Kolon Professor in the School of 
Materials Science and Engineering and in the College of Management at 
the Georgia Institute of Technology in Atlanta. He and his research stu-
dents have made significant contributions in enterprise architecture and 
modeling methodologies for information systems; engineering design of 
intelligent textile structures and processes; and design and development 
of knowledge-based systems for textiles and apparel. His group’s re-
search has resulted in the realization of the world’s first Wearable Moth-
erboard™ or Smart Shirt. He is currently engaged in studying the role of 
management and technology innovation in health care. He was involved 
in the design and development of TK!Solver, the first equation-solving 
program from Software Arts, Inc., Cambridge, MA. Dr. Jayaraman 
worked as a product manager at Software Arts, Inc., and at Lotus Devel-
opment Corporation in Cambridge before joining Georgia Tech. Profes-
sor Jayaraman is a recipient of the 1989 Presidential Young Investigator 
Award from the National Science Foundation for his research in the area 
of computer-aided manufacturing and enterprise architecture. He has 
served on several IOM and National Research Council committees, in-
cluding the Committee on Personal Protective Equipment for Healthcare 
Workers During an Influenza Pandemic, the IOM Standing Committee 
on Personal Protective Equipment for Workplace Safety and Health, and 
the Board on Manufacturing and Engineering Design. He received his 
B.Tech. and M.Tech. degrees from the University of Madras, India, and 
his Ph.D. from North Carolina State University. 
 
James S. Johnson, Ph.D., CIH, QEP, is an industrial hygienist consult-
ant who specializes in respiratory protection and personal protective 
equipment. He retired from the Lawrence Livermore National Labora-
tory (LLNL) in 2006 after 34 years of service in a variety of health and 
safety assignments. His position at LLNL from 2000 to 2006 was section 
leader of the Chemical and Biological Safety Section of the Safety Pro-
grams Division. Throughout his career at LLNL, Dr. Johnson has been 
involved with respiratory protection and personal protective equipment 

PREPUBLICATION COPY: UNCORRECTED PROOFS 



Copyright © National Academy of Sciences. All rights reserved.

Certifying Personal Protective Technologies: Improving Worker Safety
http://www.nap.edu/catalog/12962.html

150 CERTIFICATION OF PERSONAL PROTECTIVE TECHNOLOGIES 
 
as the respiratory program administrator, research scientist, assistant de-
partment head, and division and section manager. Throughout his career 
he has also developed, organized, and presented a wide variety of indus-
trial hygiene training programs and classes. The most recent was a one- 
day seminar titled “Respiratory Protection for Aerosol Transmissible 
Diseases” presented at the Center for Occupational & Environmental 
Health, University of California–Berkeley, in July 2009. Dr. Johnson is 
an AIHA Fellow; a member of the NFPA Technical Correlating Commit-
tee on Fire and Emergency Services Protective Clothing and Equipment; 
a member of the NFPA Respiratory Protection Equipment Committee; a 
Board member of the International Society for Respiratory Protection 
and Americas Section; chair of the AIHA/ANSI Z88 Secretariat for Res-
piratory Protection; and a member and vice chair of the AIHA Respirator 
Committee. He is also a member of the AIHA Protective Clothing and 
Equipment Committees and the Emergency Preparedness and Response 
Task Force. Dr. Johnson is a certified industrial hygienist. He serves as a 
member of the IOM Standing Committee on Personal Protective Equip-
ment for Workplace Safety and Health.  
 
Melissa A. McDiarmid, M.D., M.P.H., is professor of medicine and 
director of the School of Medicine’s Occupational Health Program at the 
University of Maryland. She is board certified in Internal Medicine, Oc-
cupational Medicine, and Toxicology. She maintains professional society 
affiliations as a Fellow of the Collegium Ramazzini, American College 
of Physicians, American College of Occupational and Environmental 
Medicine, and American College of Preventive Medicine. She is a mem-
ber of the American Public Health Association and the Society of Occu-
pational and Environmental Health. Dr. McDiarmid was director of the 
Office of Occupational Medicine for the U.S. Occupational Safety and 
Health Administration (OSHA) in Washington, DC, a position she held 
from 1991 until 1996. A principal career focus for Dr. McDiarmid has 
been that of environmental reproductive and developmental hazards. 
While at OSHA she guided the reproductive health effects aspects of 
several standards, including those for cadmium, butadiene, and methyl-
ene chloride. She is currently the cochair of the NIOSH/NORA (National 
Occupational Research Agenda) work group on reproductive health. Dr. 
McDiarmid has authored numerous journal articles and book chapters on 
occupational and environmental medicine topics related to healthcare 
workers, medical surveillance and management, reproductive hazards, 
and occupational cancers. She received her B.A. in Biological Sciences 
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from the University of Maryland–Baltimore County; her M.D. from the 
University of Maryland School of Medicine; and her M.P.H. from The 
Johns Hopkins School of Public Health, where she also completed Fel-
lowship training in Occupational Medicine. Dr McDiarmid serves as a 
member of the IOM Standing Committee on Personal Protective Equip-
ment for Workplace Safety and Health.  
 
 
James Platner, Ph.D., CIH, is the associate director of the CPWR Cen-
ter for Construction Research and Training, which is the research and 
training institute of the Building and Construction Trades Department, 
AFL-CIO. He is a member of the ANSI A10 American National Stan-
dards Committee on Safety in Construction and Demolition Operations 
and the ANSI Z10 American National Standards Committee on Occupa-
tional Health and Safety Management Systems. He is a co-principal 
investigator of the NIOSH National Construction Research Center, and is 
actively engaged in issues related to personal protective technologies in 
construction. He has a B.S. in Biophysics from Johns Hopkins Univer-
sity, an M.S. in Radiation Biology, and a Ph.D. in Toxicology from 
the University of Rochester School of Medicine, and is a Certified Indus-
trial Hygienist (CIH) and a Fellow of the American Industrial Hygiene 
Association. 
 
Anugrah Shaw, Ph.D., is a textile technologist and a professor at the 
University of Maryland–Eastern Shore (UMES) and has conducted re-
search on protective clothing for pesticide applicators for more than two 
decades. Her research includes work related to standardization of test 
methods, development of performance specifications, and studies related 
to the development and evaluation of personal protective equipment for 
hot climates. Dr. Shaw was responsible for the creation of an extensive 
database that includes data for more than 130 fabrics that were evaluated 
at UMES. This database has been used to develop an online system for 
work and protective clothing. Dr. Shaw serves as the technical contact 
for ASTM and ISO standards and performance specifications for protec-
tive clothing for pesticide applicators, and as an ISO delegate for a sub-
committee on protective clothing. She has presented at numerous 
national and international conferences, published in several refereed 
journals, and written a book chapter on the selection of personal protec-
tive equipment. She received her Ph.D. in Textile Technology from Tex-
as Woman’s University. 
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Tanya Wanchek, Ph.D., J.D., is a health economist/lecturer at the Uni-
versity of Virginia, with a joint appointment at the Weldon Cooper Cen-
ter for Public Service, Center for Economic and Policy Studies and the 
School of Medicine, Department of Public Health Sciences. Her research 
focuses on occupational licensure, rural workforce development, child-
hood obesity, and mental health law. She teaches a course on Healthcare 
Economics for the M.P.H. program. She is also a faculty member of the 
Healthy Appalachia Institute at the University of Virginia’s College at 
Wise. She obtained her Ph.D. in Economics from the University of 
Washington and her J.D. in Law from the University of Virginia School 
of Law. 
 
Samuel E. Wehr serves as Mustang Survival’s manager for Canadian, 
United States, and international standards for personal flotation devices 
(PFDs) and related regulations. He is serving as the chair of several Un-
derwriters Laboratories Standards Technical Panel task groups, including 
the one dealing with development on a single consolidated North Ameri-
can standard for wearable PFDs. Until 2007 Mr. Wehr served as the 
Coast Guard’s senior project engineer for the approval of personal flota-
tion devices or lifejackets and for rigid survival craft along with the de-
velopment of standards and regulations for PFDs and survival craft. He 
represented the Coast Guard in the ISO for recreational boating PFDs 
and the International Maritime Organization (IMO) for lifesaving equip-
ment for use on commercial vessels. He served as the correspondence 
group coordinator for IMO’s project to improve personal lifesaving ap-
pliances. He worked for the Coast Guard on approval of lifesaving 
equipment beginning in 1977. His work included oversight of research 
and development projects dealing with all aspects of PFD performance, 
computer modeling of the in-water performance of PFDs, development 
of mannequins for evaluation of the rough-water performance of PFDs, 
and operational reliability of inflatable PFDs when used by recreational 
boaters. Mr. Wehr graduated from the Pennsylvania State University in 
1971 with a B.S. in Engineering. 
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