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FOREWORD

There has been growing concern among the fire and life safety community that repeated exposures to
harmful contamination is likely causing increased rates of cancer in fire fighters. This includes at the fire
scene and the subsequent post fire scene exposures to contaminated clothing, tools, apparatus, and
stations.

A strong need exists to determine the broad contamination hazards that exist throughout the fire service,
and gaps in how contamination is addressed similarly need to be identified. Contamination has broader
negative effects on health than just cancer. A number of other chronic health disorders could be related
to broad, continuing chemical and biological exposures. This problem has not been resolved and needs to
be further addressed.

This report clarifies the strategy and recommendations to address the fire service contamination issue
and support the development of tools to adequately address contamination control in fire service. This
starts with controlling exposure and the spread of harmful fire ground contaminants, and extends beyond
to all aspects of a fire fighters work life. The ultimate goal is to improve the long-term health of today’s
fire service.

In support of this project, a two day workshop was held on 19-20 July 2017 in Columbus Ohio to address

this topic. The results of that specific effort are available in separate Workshop Proceedings. The
Workshop discussion and related information are partially reflected within this final project report.
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Recommendations for Developing and Implementing a
Fire Service Contamination Control Campaign

Summary

This document lays out a strategy and recommendations for establishing increased fire service
awareness of and promoting changes in equipment and procedures to minimize the harmful effects
from exposure to contaminants from the fireground and other emergency responses. Ample
evidence exists that firefighters are frequently exposed to a variety of different types of
contamination, ranging from products of combustion to hazardous chemicals to infectious
diseases. The persistency for many of these exposures leads to both acute and chronic health issues
that can be partly mitigated by implementing a proactive approach that increases firefighter
understanding of contamination hazards and by instituting new equipment and response practices
that limit, where practical, the exposures to these hazards. Overall, this effort is best enacted in the
form of a “campaign” that uses consistent messaging to promote changes in fire service culture,
procedures, equipment, and standards for solving contamination issues among firefighters.

The Fire Protection Research Foundation (FPRF) undertook a project funded by the U.S.
Department of Homeland Security as part of an Assistance to Firefighter Grants Program for
research and development on contamination control. This effort included investigating different
sources of information such as existing published literature, past and on-going research, current
fire service practices, and standards for addressing the issue of fire service contamination control.
This investigation was coupled with a comprehensive workshop designed to elicit commentary
from fire service representatives and subject matter experts on different approaches for improving
efforts towards controlling contamination. While it was learned that a variety of studies, practices,
and requirements have been developed for the purpose of addressing contamination control in the
fire service, it was obvious that much more information and direction is needed to ensure that
improvements are made in reducing continued firefighter exposures to different types of
contamination hazards. In essence, a national strategy is needed to bring together and implement
the many elements as part of a fire service contamination control campaign.

The recommended strategy consists of the following recommendations:

1. A centralized organization with strong fire service ties, such as the National Fire Protection
Association, should take long-term responsibility for managing a fire service
contamination control campaign. This responsibility should provide the fire service with
information on the latest research, best practices, and standards as well as promoting forms
for communication and outreach. Furthermore, the centralized organization should
endeavor to link its efforts to the multitude of other organizations also conducting outreach
in this area. Alternatively, organizations that are willing to make long-term commitments
to the area of contamination control in the fire service should band together based on areas
of strength to provide a forum with appropriate levels of overlap for undertaking the
various elements as part of a comprehensive campaign.



2. The campaign should be seated within an easily accessed website that provides a
clearinghouse that offers the best and more recent available information on topics related
to contamination control within the fire service. The use of the website establishes a forum
that can easily be updated and creates a myriad of linkable awareness tools.

3. Key elements of the campaign information should include an overview of the
contamination control problem within the fire service, a means for establishing a searchable
interactive research and literature database, a database that directs end users to standards
promoting their participation within the development process, a synthesized list of
available best practices with information describing the evidence available to establish their
effectiveness, and other information that can be utilized for addressing the multiple issues
associated with contamination control across different facets of the fire service.

4. Information in the contamination control campaign should be positioned to evolve and be
updated. It should also permit both use by a wide range of individuals within and outside
the fire service with different needs and be accessible through a variety of forums. The
information should be provided in an actionable form and create opportunities for increased
awareness, adoption of best practices, and the strengthening of standards.

This recommendations document provides detailed proposed steps for the implementation of this
strategy and the creation of a national campaign on fire service contamination control.

The Need for a Campaign

Substantial evidence already connects firefighting with increased rates of cancer among fire
fighters. A number of prior studies have provided findings indicating specific elevated incidence
of certain cancers when fire fighters are compared against the general population. These linkages
culminated with a comprehensive epidemiology-based study spanning a detailed review for fire
fighters in 3 different major cities over a 50 year period. Moreover, the International Agency for
Research on Cancer (IARC) has classified activity of firefighting as being probably carcinogenic
to humans. Anecdotal information from across North America has indicated many of these cancers
for fire fighters are occurring at younger ages. Statistics have been compiled by a number of
organizations including the IAFF and more recently the Firefighter Cancer Support Network.
Cancer has become the number one concern among firefighters as an occupational issue. Extensive
research continues in this area, including a new study led by the University of Arizona towards
recording future trends of firefighter cancers and exposure histories that will further elucidate the
patterns of this disease among firefighters and potentially track intervention approaches.

While there is a substantial focus on exposure to cancer-causing substances in the fire service,
innumerable other health disorders emanate from both acute and chronic exposures to various
hazardous substances that are not specifically carcinogenic, mutagenic, or teratogenic. Long-term
exposures to certain chemicals are known to induce a variety of corrosive, toxic and sensitizing
effects. Those firefighters that come in contact with the public through victim extrication and
transport, as well as the provision of personal medical care are further subject to exposure to a
variety of biological contaminants that include common blood-borne pathogens as well as other
highly infectious diseases that may be airborne or liquid borne or both. The dynamic nature of



emergency response coupled with the persistence for some of these forms of contaminants
increases the risk of firefighter exposure and, while not always deadly, still results in significant
potential harm, disability, and lost work time.

Firefighting is perhaps one of the few occupations that does not mandate strict occupational safety
and health requirements for its members as part of structural and other types of fire exposures.
Cultural attitudes towards exposure have been lax for decades, particularly as firefighters are more
likely to enter burning structures for longer periods of times due to improved forms of personal
protective equipment. However, with the advent of modern building materials, a larger variety of
toxic decomposition products of combustion are created to which fire fighters are exposed. Even
though personal protective equipment provides extended stay times, it does not protect against
smoke, other particulate, fire gases, and on-scene liquids. Moreover, provisions for keeping
clothing and equipment clean and maintaining good hygiene have been lacking until very recently.
Similarly, firefighters are more likely to come in contact with infectious diseases that result from
more active fire service involvement with the public during both the provision of medical care and
responses to various disasters such as hurricanes, terrorist events, or other localized emergencies.

Multiple organizations have attempted to increase the awareness of the fire service, including the
International Association for Fire Chiefs (IAFC), the International Association for Fire Fighters
(IAFF), and the National Volunteer Fire Council (NVFC). These efforts have been supplemented
by other fire service-based groups such as the National Fallen Firefighters Foundation, the
Firefighter Cancer Support Network, and the Fire Fighter Cancer Foundation. Each user
organization has attempted to provide comprehensive information, suggest best practices, and
provide reference tools and other resources to improve the understanding of exposure risk as well
as ways of mitigating exposure hazards. Often, various recommendations are made in the forms of
suggested standard operating procedures for contamination control.

The fire service is being inundated with a wide range of products, suggested practices, and other
information that can have varying degrees of credibility, verification, and application for solving
or at least addressing contamination control problems. While there are a variety of different
research programs that have either been completed or are on-going, the results of this research are
just beginning to define the extent of effectiveness for different contamination control approaches.

Key Elements for a Contamination Control Campaign

Based on this review of fire service and industry efforts toward contamination control, the Fire
Protection Research Foundation considered a variety of approaches for gathering information that
could be useful in promoting a campaign for improving fire service awareness and implementing
new technology, practices, and standards to best address the wide ranging issues for firefighter
exposure to contamination. The FPEF quickly realized that simply gathering information at the
time, while leading to a fuller understanding of the current status of various aspects of
contamination issues and possible solution, would be too static to have long lasting effects.
Therefore, the original proposed project outputs were transformed into a more flexible and
functional platform for presenting information to the fire service and other interested parties. Work
undertaken to create this platform included the following efforts:



e Determining the appropriate content for providing and communicating an overview of fire
service contamination issues

e Investigating ways for improving how relevant literature including articles, research
reports, and other documents could be provided in a more accessible, interactive, and useful
way

e Assessing the current status of standards affecting contamination control and defining how
a standards resource data base could be created to capture this information

e Synthesizing a set of suggested fire service best practices and the best manner for
presenting this information for potential utilization

e Describing a contamination control practices in parallel related industries (vignettes) and
indicating their relevance to the fire and emergency services

e Establishing a question/answer forum

e Collecting a list of glossary terms

The efforts in each of these areas were positioned to yield the proposed new project elements that
form the foundation of the baseline information content for the contamination control awareness
campaign.

For the purposes of executing a campaign, the primary recommended approach was to put the
collected information into a series of on-line accessible databases using linkable information for
defining a future approach rather than a project report that simply compiles the findings of
information collection and analysis effort pursued over the project timetable. Combined with this
approach, the primary data content — literature citations, abstracts of research, descriptions of
organizations, and information on standards — were collected and placed into various spreadsheets
to enable their accessibility and potential linkages to future database programs The FPRF further
saw that the recommendation for establishing a centralized web page where each of the information
elements could be presented in an easily navigable fashion through the use of tabs and associated
links coupled with thematic elements was the most efficient way to gain attention and create
continuing awareness. This scheme is shown in Figure 1.

Related Literature
Industries Database

Central
Website

Best Standards
Practices Resources

Figure 1 — Specific Graphic Depicting the Key Elements of a Fire Service Contamination
Control Plan
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The specific recommendations for developing how each campaign element should be defined and
implemented are described in the following sections.

Key Element 1 —Describing and Communicating Fire Service Contamination Issues

The opening element is intended to frame the contamination issues in the fire service. For the
purpose of this project, the scope of contamination control was defined as all forms of
contaminants that may be encountered by firefighters including fire suppression and emergency
patient care. This activity is distinguished from highly specialized team functions such as those
undertaken by specially-outfitted hazardous materials or special operations teams, though it is
recognized that line firefighters do respond to HazMat and other specialty calls.

The purpose of this element is to convey the enormity of the problem and to describe the various
forms of contamination that affect firefighter health and how these exposures occur and are
exacerbated with the fire service by controllable and non-controllable circumstances. In essence,
it was suggested that the baseline information of this element should be presented as a “taxonomy”
of contamination issues, indicating the types of contamination, the manner of exposure and
continued spread, and the impact and risks associated with contamination. Figures 2 and 3 capture
some of the scope elements for a potential white paper.
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Figure 2 — White Paper Scope Related to Contamination Types and Fire Service Missions



Contamination Locations
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Figure 3 — White Paper Scope Related to Contamination Locations, Items, and
Mitigation Methods



The overview document was also imagined to provide a variety of solutions ranging from the
simplest approach to the most sophisticated approach that could be undertaken by an organization
to begin addressing or enhancing their strategies for contamination control. An outline of key
topics for this element are identified in Table 1.

Table 1 — Short Outline for Fire Service Contamination Control Awareness Document

Purpose: raise awareness of fire service on contamination issues
Overall length: 10 to 12 pages
Key messages:

e Broad contamination hazards exist throughout the fire service (more than just cancer
concern)

e Gaps in addressing contamination: not all missions, locations, and equipment are being
addressed

e Comprehensive approaches are needed to limit exposure to contamination and limit transfer

Content

e The contamination problem in the fire service
e Examples of contamination and how firefighters are being exposed
e Development of contamination control program and application of best practices

- Recognition of contamination sources

Protective measures

Isolation of contaminated items

Post exposure cleaning and decontamination

Maintenance of hygiene for firefighters, apparatus, stations
State of research in contamination control

Current gaps in controlling contamination

Available resources

References

In a web-based presentation of a contamination control campaign, the opening page or a separate
tab should be created for this general information to provide an introduction to and background on
the topic to further establish a roadmap for other campaign elements. To be effective in creating
content that provides an overview of the contamination control topics, the following attributes are
recommended.

e The principal web page should contain the essential narrative that explains the overall
contamination control campaign including its importance, relevance, and purpose. This
general content should be supplemented by key graphics that can be updated as needed
such as photographs of accepted best practices or charts showing statistics in the climbing
rates of firefighter reported cancers. The principal web page should also have links to other
pages to further explain other elements in the campaign or specific tools that can be
provided to the fire service for creating increased awareness.



e A 10- to 12-page downloadable, white paper should be provided as one of the linked tools
that defines the primary aspects of contamination control. It is further suggested that
different positioned white papers might be needed to address various audiences — a general
paper for fire service members, a different white paper that may be aimed at management
or decision makers, and perhaps a third white paper that is oriented toward product or
service providers in the area of contamination control.

e Another useable tool would be an on-line (and also downloadable) slide presentation that
highlights the white paper narrative through the bullets and increased use of graphics for a
more visual communication of key messaging topics.

e Additional links should be provided to other organizations’ efforts to define contamination
issues (e.g., IAFF, IAFC, NVFC, Fire Fighter Cancer Support Network and National Fire
Fighter Foundation) as well as links to any general electronically obtainable key overview
documents.

Overall this element should be designed to create the initial awareness for the fire service on the
different types of contamination and why action is needed on the part of the firefighter, the
department, and the community to limit its spread and effects. Workshop participants agreed that
an awareness document was a key part of a campaign, but there were varying opinions for how
this document should be prepared, maintained, and distributed.

Key Element 2 — Making Articles and Research Reports Accessible

A broad selection of articles and research reports have been collected both prior to and as part of
this project. Annex A provides a list of the principal authors, titles, and sources of these documents.

Originally, a key factor for making this collection useful was the consideration for developing an
interactive database by which an individual user could search on respective topics through key
words. To this end, a format was established for specific fields of information for organizing the
content and specific details of these documents in such a database. Specific identified fields
included:

First author

Secondary author(s)

Title

Availability

Source document

Citation information

DOI number, if applicable
Year of publication

Type of contamination and target of contamination
Key words

Short abstract

Notes



As part of the project, samples of relevant literature were placed in an Excel spreadsheet (with the
exception of the short abstract) to enable use of the information as part of a future database
program. This process was undertaken to demonstrate how an interactive database could be
developed. This format was partly used in documenting the literature information in Annex A.

It was also proposed that the abstracts associated with the documents be contained in a separate
Excel spreadsheet of simpler design. However, given the wide variety of styles and level of detail
provided in different types of articles and reports, it was determined that abstract information
should be homogenized to provide for a consistent level of content and to be written in a style that
would be more fire service friendly as the firefighters and other professional responders were
considered the principal audience. Table 2 provides an example for taking a relatively detailed
abstract and creating a short version for easier and more consistent reading.

Table 2 — Example for Simplifying Abstract from Academic Article

Full Published Abstract | Simplified Abstract

There is a high incidence of cardiovascular
disease and certain cancers in firefighters that
may be related to their occupational exposure to
hazardous substances. Exposure may result from
contaminated personal protective gear, as well as
from direct exposure at fire scenes. This study
characterized flame-retardant contamination on
firefighter personal protective clothing to assess
exposure of firefighters to these chemicals.
Samples from used and unused firefighter
protective clothing, including gloves, hoods and a
coat wristlet, were extracted with methylene
chloride and analyzed by EPA method 8270D
Specific lon Method (SIM) for polybrominated
diphenyl ethers (PBDES). Until recently PBDEs
were some of the most common flame-retardant
chemicals used in the US. Fifteen of the
seventeen PBDEs for which analysis was
performed were found on at least one clothing
swatch. Every clothing sample, including an
unused hood and all three layers of an unused
glove, held a detectable concentration of at least
one PBDE. These findings, along with previous
research, suggest that firefighters are exposed to
PBDE flame retardants at levels much higher than
the general public. PBDEs are found widely
dispersed in the environment and still persist in
existing domestic materials such as clothing and
furnishings. Firefighter exposure to flame
retardants therefore merits further study.

{203 words}

The finding of polybrominated diphenyl
ethers (PBDESs) on all samples from used
and unused firefighter protective clothing
that had been extracted with methylene
chloride and analyzed by EPA method
8270D Specific lon Method (S1M)
suggests that firefighters' exposure to
PBDE flame retardants is much higher
than the general public and warrants
further study.

{53 words}




Moreover, it is anticipated that additional spreadsheets could be created for other database linkages
including contact information for obtaining a specific document or separate links for electronically
available reports or articles that do not require special permissions.

As a consequence of these considerations, a database design as illustrated in Figure 4 was
conceived for the project.

Primary
Literature
Database

Glossary of
Keywords

Links to Information to
Downloadable Access Private
Documents Documents

Synopsized
Abstracts

Figure 4 — Recommended Structure of a Contamination Control Document Database

Specific parameters were also considered for creating simple and more complicated searches
through the proposed database to enable end users to locate specific articles related to keywords
or other chosen information fields. In essence, the provision of a “primer” was recommended for
using any ensuing database.

While an interactive database was originally proposed as an essential part of a contamination
control campaign, an analysis of this approach revealed certain obstacles that included:

o A key challenge for developing any database is the ability to keep that database up-to-date
as a stand-alone database for contamination control. The amount of information in the area
of contamination control is rapidly increasing as this area of interest is quickly escalating
as a principal fire service topic. Any database manager would have to have a system in
place for identifying relevant documents and keying the information into the database. This
would be further complicated by the need to rework some of the information, such as
abstracts, for maintaining consistency in the style and size of the content.

e A number of referenced articles, particularly those located through multidisciplinary
literature database services like Google Scholar, ScienceOpen, and Scientific Information
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Database to other more specific databases such as Medline Plus, PubChem, and PubMed
are not readily accessible beyond the initial information such as the abstract, and require
fees for accessing the full documents.

e There is the potential for infringement of publisher rights in providing some of the
information that may appear in portions of the proposed database, particularly abstracts.

The Project Team further investigated how such a database could be implemented by checking
with the NFPA library staff. The library staff pointed out that while it maintained general
documents associated with the specific needs of the organization, it relies heavily on existing
databases for performing searches on general literature among different topics. The staff conveyed
that current databases are evolving significantly to result in greater effectiveness in the
identification and retrieval of desired documents.

On the basis of investigating different literature database options, the Project Team concluded that
a hybrid form would be appropriate. In the hybrid solution, the following two approaches were
recommended specifically for the fire service contamination control campaign:

1. Efforts should be made to obtain direct access to specific publications that are referenced
in campaign document such as the white paper or suggested best practices. These
documents should further be synopsized for ease of understanding and explaining their
significance to the contamination control campaign.

2. Specific literature databases should be suggested as sources of potential information on a
given range of topics for fire service contamination control. Different guidelines should be
offered to instruct interested individuals for how to use these databases for researching
specific articles and reports such as providing listed keywords and instructions for
accessing suggested databases.

Overall, making key literature accessible can be a significant supporting function of the
contamination control campaign. Specifically, articles and research reports can provide the basis
for both understanding key contamination topics, as well as offer evidence supporting different
best practices. As the amount of information related to fire service contamination grows, the
organization(s) undertaking efforts to lead the campaign must be vigilant in seeking new
information as it becomes available. Thus, the selection of key documents and making them
accessible furthers fire service awareness and creates the confidence in new technologies and
procedures that evolve to address the problems of contamination control.

Key Element 3 — Providing an Understanding and Access to Relevant Standards

Standards are perceived to be tools that can allow for the implementation of specific products and
practices that result in contamination control. A large part of the initial project effort involving
going through the entirety of the NFPA standards and identifying those standards where
contamination control is addressed or where the potential for criteria or other information could
be included on contamination control topics within the respective standard. That effort resulted in
a list of 93 standards out of the over 250 NFPA standards directly or potentially related to fire
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service contamination control. Annex B provides a list of those standards and their relevance. A
number of representative standards are listed in Table 3 below.

Table 3 — Examples of NFPA Standards Relevant to Contamination

Selected NFPA Standards Related to Contamination Control (Abbreviated Titles)

NFPA 1500 Occupational Safety & Health NFPA 1901 Fire Apparatus

NFPA 1581 Infection Control Program NFPA 1937 Care/Maintenance Rescue Tools
NFPA 1584 Member Rehabilitation Process NFPA 1961 Fire Hose

NFPA 1700 Structural Fire Fighting Guide NFPA 1971 Structural Fire Fighting PPE
NFPA 1710 Career Fire Dept. Deployment NFPA 1975 Station/Work Uniforms

NFPA 1720 Volunteer Fire Dept. Deployment | NFPA 1981 Fire Service SCBA

NFPA 1851 Care/Maintenance of Fire PPE NFPA 1992 HazMat PPE

NFPA 1852 Care/Maintenance of SCBA NFPA 1999 EMS PPE

It was further recognized that standards from other organizations could have application to fire
service contamination control issues and practices. For example, ASTM International writes
standards on a variety of product and service areas. Several committees within this organization
have developed or are working on different standards that have the potential for application to fire
service contamination control. Examples of potentially relevant standards include:

e ASTM D5755-09, Standard Test Method for Microvacuum Sampling and Indirect Analysis
of Dust by Transmission Electron Microscopy for Asbestos Structure Number Surface
Loading

e ASTM E2274, Standard Test Method for Evaluation of Laundry Sanitizers and
Disinfectants

e ASTM E2967, Standard Test Method for Assessing the Ability of Pre-wetted Towelettes to
Remove and Transfer Bacterial Contamination on Hard, Non-Porous Environmental
Surfaces Using the Wiperator

e ASTM F24, Standard Test Method for Measuring and Counting Particulate
Contamination on Surfaces

e ASTM G120, Standard Practice for Determination of Soluble Residual Contamination by
Soxhlet Extraction

e WKH55144 (proposed), New Standard for Evaluating the Transfer of Exterior
Contaminants from Protective Clothing During Doffing

Similarly, standards from other organizations such as those published by specific trade
organizations within the United States or standards out of Europe or the International Standards
Organization related to contamination control equipment, practices, and guidance can be
identified, though the specific availability of those standards and their relevance to fire service
applications requires a detailed analysis before any recommendations for their use can be made.

In order to make use of standards information as the basis of a contamination control campaign, a
similar approach to the article/report database was examined to determine a database approach
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might be applied to standards. As with the interactive research and literature database, specific
fields of information were identified for each the standards that include:

Organization

Document number or reference

Current edition

Revision cycle

Document title

Applicable sections (related to contamination control) and Category
Relevancy

Specific input opportunities

Criticality rating

Efforts were made to determine how the relevancy, specific input opportunities, and criticality
rating for specific standards could be established as it was expected that this information would
facilitate searches on given standards.

The thinking behind the standards database was to provide pointers to existing standards where
criteria or guidance related to contamination control could be found, or indicate specific standards
where additional work could be undertaken to incorporate new requirements to address
contamination control. From the perspective of the principal fire service members, the
identification of existing standards appeared to be the more relevant purpose for a standards
database since the ability to reference standards could address specific needs related to instituting
contamination control practices within their organization. On the other hand, an identification of
gaps relating to contamination control in the existing spectrum of standards, while considered
important, was less relevant to the majority of fire service members than it was to certain
individuals that are generally engaged on technical committees for writing standards. As with the
analysis of a literature database, the preliminary approach was adjusted for these findings resulting
in the following two recommendations:

1. The NFPA should prepare a list of standards, as part of a simple database, which identifies
the specific existing requirements for current standards as related to contamination control.
This list should indicate the specific areas of contamination control addressed within the
referenced standard and how they might be applied for implementing contamination
control practices within an organization.

2. The NFPA should develop a comprehensive strategy for addressing contamination control
as part of its fire service standards. This strategy should address which standards provide
the lead in establishing contamination control practices, identify gaps in the existing
standards where contamination control should be addressed, and provide some form of
oversight to ensure consistency in requirements and guidelines provided to the fire service.

The latter recommendation was based on the assessment by the Project Team that the NFPA
standards were likely to be the most relevant standards applied to the fire service for contamination
control given the strong connection between the fire service and wide range of NFPA standards
addressing fire operations. However, it was noted that the topic of contamination control was only
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being addressed in some of those standards and some not at all. This review produced the following
observations:

e Contamination control was found to be primarily addressed in standards related to
hazardous materials response such as qualification requirements found in NFPA 472.

e The only true contamination control document for the fire service was identified as NFPA
1581, Standard on Fire Department Infection Control Program.

e Limited instances of contamination control requirements were included in the NFPA 1500,
Standard on Fire Department Occupational Safety and Health Program, though at the time
of the project, significant new modifications within that standard were being prepared.

e Similar existing actions and future activity were found for NFPA 1851, Standard for the
Selection, Care, and Maintenance of Protective Ensembles for Structural Firefighting and
Proximity Firefighting. Cleaning of turnout clothing was addressed but little information
was provided about removal of products of combustion or other forms of persistent
contamination. The committee responsible for that standard is also processing significantly
revised criteria to address contamination control.

e Few other equipment standards correctly address contamination control, including those
for SCBA, rescue tools, and firehose.

e There are currently no requirements in the various standards for fire apparatus to address
handling of contaminated PPE, tools, hose, and other equipment on the fireground.

e Other than criteria for infection control at fire stations within NFPA 1581, there were no
criteria addressing requirements for fire station design relative to general contamination
control.

e In addition, standards for personnel qualifications and training do not directly address
contamination control issues for fire service members.

This review of the pertinent NFPA standards revealed several gaps in opportunities for developing
criteria that could be applied to fire departments and other organizations related to contamination
control. However, it is also apparent that a large degree of coordination is needed to undertake
modifications to existing standards for creating a consistent set of practices for controlling or
reducing contamination at the fireground and other emergencies. Normally, individual technical
committees have responsibilities in a defined scope for addressing particular products or functions.
For example, there are separate committees for personal protective equipment versus committees
for fire apparatus and rescue tools. Similarly, different committees operate to establish standards
on fire service personnel competence, training, and occupational safety and health programs.

While a given committee may seek to coordinate and modify the standards within its jurisdiction,
there is no overall coordinating function to oversee and ensure the consistency of all relevant
NFPA standards on a given topic. Therefore, it is recommended that NFPA establish a strategy for
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harmonizing different standards related to first service contamination control. It is imagined that
some form of ad hoc committee could provide this oversight function. Figure 5 shows how this
approach could be applied within the NFPA for fire service standards.

Occupational Health and Safety Standards (e.g., NFPA
1500, NFPA 1581, NFPA 1584) - LEAD COMMITTEE

Fire & Emergency Services PPE Standards (e.g., NFPA
1971, NFPA 1981, NFPA 1851, NFPA 1852)

Fire Service Personnel Qualification Standards (e.g.,
NFPA 1001, NFPA 1021, NFPA 1026)

Fire Service Training Standards (e.g., NFPA 1404, NFPA
1410, NFPA 1451)

B Other Standards - Fire Apparatus (NFPA 1901), Fire
Tools (NFPA 1937), Fire Hose (NFPA 1961)

Figure 5 — Recommended Interrelationship to Establish NFPA Standards on
Contamination Control

Comination Control
Oversight Committee

Another option considered for addressing fire service contamination control through NFPA
standards was the formation of a new committee to fully address the topics of contamination
control in a single comprehensive document. However, after considering this option, the Project
Team rejected the idea since the period of implementation would be relatively long. Instead, using
the existing framework of standards, it would be possible to expediently enact new requirements
to address contamination control in the short-term. In fact, these actions are already being carried
out by the committees responsible for fire service occupational safety and health program and
personal protective equipment. An oversight committee would be instrumental in ensuring the use
of common terminology and consistent practices from one standard to another while leaving the
different technical committees with the responsibility to address contamination control.

It was concluded that the standards element of the contamination control campaign must have two
principal parts: (1) a list of standards with appropriate annotations directing end users to the
existing requirements that can be applied for contamination control, and (2) a strategy for
improving standards, primarily those of the NFPA, for creating new requirements related to
contamination control.
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It was further realized that, in order for standards development activity to focus on contamination
control, efforts would be needed to encourage greater fire service participation in the process and
to bring together the appropriate subject matter experts for addressing potential new requirements.
This level of support would improve the standards development process and could be further
supplemented with activities to solicit fire service participation in the development of standards to
the avenues of public input and public comment on relevant contamination control issues as they
are proposed as part of new or existing standards. To this end, a final recommendation in the area
of standards development was to provide a basis for announcing new proposed requirements for
standards on contamination control for gaining feedback from various sectors within the fire
service and industry.

Key Element 4 — Reviewing and Suggesting Best Practices

One of the principal output areas for this project was to identify and evaluate the need to support
various best practices that can be employed by fire departments and others in the fire service
industry for purposes of contamination control. Best practices represent prevailing procedures that
have been shown to provide benefits in achieving contamination reduction and control within the
fire service as supported by different technologies or operational approaches. Over the past several
years, a number of best practices have been promoted for implementation in the fire service
specific to controlling contamination. Yet, it was not the intent of the project to create new best
practices, rather to assimilate all the different recommendations that have been established over
the past several years related to various aspects of contamination exposure and control as well as
refinements in best practices that are now emerging.

It was initially envisioned that specific practices would be identified by their category and type of
contaminant using the same taxonomy developed for the categorization of baseline literature
information. In this approach, various recommended practices (or types of products) would be
recommended. These recommendations would include references to whatever source material
exists for how the recommendation was created as well as any citations to existing research or
literature that supports the viability of the specific recommended practice.

Within this section of the recommended web-based campaign approach, additional links would be
provided to organizations offering various specific practices that are identified within the website.
This approach would afford the opportunity of broadening the reach of the campaign and to further
recognize the efforts and contributions of different outside organizations working in the area of
contamination control.

Based on its review of existing or emerging best practices for contamination control, the Project
Team identified the following areas as specific targets for implementation or at least further
research within the fire service:

Contamination avoidance

Proper wearing of PPE

Gross decontamination at the emergency scene
Contaminated item handling

Cleaning and decontamination
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Personal hygiene

Wellness and health
Documentation and recordkeeping
Apparatus design and cleaning

Fire station design and maintenance

Further details were defined for each of the best practice areas as shown in Table 4 on page 18.

Several factors were considered for how best practices could be qualified. While it is believed an
“intuitive” approach could be used in some cases, participants of the project workshop believed
that independent data are needed to validate the benefits of every individual approach. This could
be accomplished through studies that show the direct value of specific procedures, through
multiple sources that confirm best practices work as intended, or through peer-reviewed research
as indicating specific values for the intervention product or process.

To communicate best practices, the Project Team decided that it would be important to use
imperative language such as “Do this...” as opposed to “You should do this...” as a more end user
friendly method for conveying a specific set of procedures. For each suggested best practice, there
was decidedly a need to document current findings and science behind the recommended
procedures. Further, it is believed that wherever possible, detailed procedures should be proposed
that could be adapted by different organizations in the form of standard operating procedures
(SOPs). As an example, certain SOPs provided by different department could be used as models
for other department to adopt. An example of these such procedures, which includes photographs
to illustrate the practice, are shown in Figure 6.

R ; ; e ‘ ‘
(07 Oitawa Fire Services (e =H Ottawa Fire Services
+ : Standard Operating Procedure T Standard Operating Procedure
Classification | # [ SOPPG 0132010 | Protective Gear - Clothing
Subject Post Incident Decontanmnation Process - Revised
(Authority Fire Chief

[Policy |
Ottawa Fire Services (OF5) shall insure that all Personal Protective Equipment (PPE) is properly
decontaminated when required

‘ Purpose ‘
To identify requirements and establish procedures for dealing with post incident and post
thaining decontamination of PPE

‘ Scope ‘
"AILOFS’ persommel

‘ Procedure ‘

DEFINITIONS for this SOP

Cantad ically separating inate: from th
D ination:  The washing, lizing andlor sterilizing of PPE to refurn if to
service.

RULES

+  When PPE has come into contact, or baen exposad to contamimant on seena or during
fraining, mifigation, confainment and decontanrination shall be carried out 35 required

+ The Incident Safety Officer, in conjunction with the Incident Commander, chall
determine the level of ‘mitigation, and that
i requred.

+ The Incident Commander assunes the responsibility of on-scene Safety Officer, until the
on-duty Safety Officer arrives or  designate is assigned.

[T5sue Dae: May 13,2010 TLaaE
I S0P PG 01.3-2010 Post

sion: April 18, 2014 Dagelofal | [[Essue Daze: May 13. 2010 [LastE.

st Revision: April 28. 2014 I Page 120f21 ]
I SOP DG 01 3-2010 Bost Proc |

Figure 6 — Example of Best Practice SOP (Courtesy of Ottawa Fire Services)
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Table 4 — Overview of Recommended Fire Service Best Practices for Contamination Control

Category

Recommended Practices

Level of
Validation

Relevant Image(s)

Contamination
avoidance

Teach personnel how to

recognize contamination

hazards

Delineate hazard zones at

emergency scene

— Designate HOT,
WARM, and COLD
zones

Keep unprotected

personnel away from

contaminated areas

Practices have been
successfully used in
HazMat responses;

Practices expected
to require minimal
investment on part
of organization

~  Hierarchy of Controls

affective

I Elimination

_____| Physically remove

the hazard

_ | Replace
| the hazard

Isolate people
from the hazard

Change the way
people work

Protect the worker with
Personal Protective Equipment

Administrative
I Controls

Least
effective

Proper wearing of PPE

Select appropriate PPE

- Conduct thorough
hazard assessment

Ensure that selected PPE
is properly integrated to
provide needed level of
protection

Wear PPE according to
manufacturer instructions

Continue wearing PPE
where hazards still
remain

Practices comply
with OSHA
regulations for
proper selection of
PPE;

Practices also
follow current
operational
doctrine for
HazMat response

For structural
firefighting, it is
critically important that
all items are properly
=3 fitted and are in place
during all activity where
hazards can be
encountered including
during overhaul;

The head, neck, and
upper body are
especially vulnerable
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Category

Recommended Practices

Level of
Validation

Relevant Image(s)

Gross
decontamination at the
emergency scene

¢ Integrate contamination
control as part of member
rehabilitation procedures

e Start cleaning as soon as
possible after coming out
of the emergency scene

— Perform appropriate
techniques for gross
decontamination (cold
weather?)

e Maintain protection until
principal contamination
is removed

Preliminary work at
Illinois Fire Service
Institute has shown
better removal of
some contaminants
using on scene wet
and dry
decontamination
methods

Spraying of
firefighter at scene

| removes exterior

soils and
contamination to

. limit later transfer

Wet decon can be
undertaken with
simple supplies using
water service from
apparatus

Contaminated item
handling

e Properly remove PPE to
avoid contamination
transfer

¢ Isolate and bag
contaminated PPE

¢ Provide clean clothing for
personnel at scene

e Avoid transporting
contaminated PPE in
apparatus or personal
vehicles

e Apply proper cleaning to
other contaminated items

Initial work has
been performed to
show transfer of
contaminants to
skin if proper
doffing not done;
Limited research
shows evidence of
contaminant
transfer to vehicles

Gear should be
bagged and isolated
after wet decon for
separate transport
out of personal areas

. of apparatus for later
. advanced cleaning
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Category Recommended Practices Level of Relevant Image(s)

Validation

Cleaning and e Clean all contaminated Limited research
decontamination items showing removal of
— Other items: SCBA contaminants from

boots, gloves, hoods, garme.nts and
hose, tools should be | hoods;
also be cleaned No acceptable

e Subject contaminated levels of residual
items to proper cleaning | Contamination

. . levels established;
— Pick effective process

. Review of cleaning
e Ensure that items can be

fel q ) for other items
safely returned to service | aadeq especially

gloves and
footwear needed

Special machine for
washing of helmets and
self-contained breathing
apparatus

J 2 = S -
Cleaning of turnout
clothing in washer/extractor

Personal hygiene e Change out of station No specific studies - T
wear and undergarments | shown in fire ‘
as soon as possible service; however,
following exposure recommended

practices coincide
with contamination
control in industry
and healthcare;

No specific data
related to shower
temperature or use
of post-response
sauna

e Take a shower as soon as
possible after exposure

- Controversies over
water temperature and
advocating use of
steam rooms or sauna

e Practice frequent
handwashing
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Category

Recommended Practices

Level of
Validation

Relevant Image(s)

Wellness and health

e Get baseline physicals
with appropriate
benchmarking /
diagnostic tests

e Have follow up annual
physicals or as needed

e Eat healthy, hydrate
frequently, maintain level
of fitness

e Undertake good lifestyle
habits

Multiple studies
outside fire service
and limited studies
within fire service
showing benefits of
wellness programs
to overall health

Documentation and
recordkeeping

e Document all exposures
with sufficient detail
e Provide monitoring
where possible
- Retain information
and link to exposures
e Maintain records for all
personnel
— Apply in medical
exams

Provisions already
exist for detailed
documentation of
fire service
exposures;

Specific standards

in place for routine
firefighter medical
examination
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Category

Apparatus design and
cleaning

Recommended Practices

e Choose apparatus with
storage compartments for
contaminated items

- Alternatively, use
separate transport
where possible

e Apply appropriate
cleaning and disinfection
to apparatus following
use in contamination
event

Level of
Validation

Practices now
applied for
emergency medical
services but not fire
apparatus

Relevant Image(s)

Fire station design and
maintenance

e Control exposures at fire
station

— Apply segregation of
clean versus
contaminated areas

- Use transition zones

— Ensure separate
areas for cleaning
contaminated items

- Provide for proper
storage of PPE and
other frequently
contaminated items

e Practice appropriate
station hygiene
procedures

o Use diesel capture system

Limited
requirements for
fire stations other
than infection
control (NFPA
1981);

Diesel exhaust
systems used but
no standard or
criteria exist for
judging
effectiveness
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Lastly, the cost of implementation should be considered as part of any proposed best practice since
resource requirements may negate the potential for its implementation. On the subject, many
workshop participants recommended that for certain types of contamination control objectives,
there should be a range of low cost to more expensive, higher technology options for implementing
a specific best practice. As an example, using a low pressure, low volume hose from the fire truck
to perform gross decontamination of individuals in gear at the emergency scene as a minimum
resource approach versus having a dedicated portable decontamination vehicle or trailer for
representing a higher expense more sophisticated method of implementation.

The idea of having a best practices database was considered by the Project Team. In this approach,
a summary of best practices would be covered in a comprehensive document covering the span of
contamination control procedures. It was believed that an NFPA standards development-like
process could be used for developing the best practices with the predominate participation by end
user representatives. These practices that could then be separately referenced by different NFPA
standards. As an alternative, it was also thought that a more efficient and effective way of
addressing best practices would be simply to highlight those different breast practices from
existing organizations that already promote specific procedures such as the Firefighter Cancer
Support Network or other organizations. Figure 7 provides examples of best practice guides
developed by two different organizations related to fire service contamination control.

Understanding & Implementing

STANDARDS

NFPA 1851

- — ) o - -

aga

Best Practices for Reducing Fire Fighter
Risk of Exposures to Carcinogens

Comprehensive guide on best practices developed  Specific guide for promoting awareness and use

by Washington State Council of Fire Fighters, with  of standard for care and maintenance of turnout

support from the State of Washington clothing by National VVolunteer Fire Council &
NFPA

Figure 7 — Examples of Existing Organization Best Practice Guides
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Incumbent in the development of best practices of the specific needs for addressing new products
and services that are emerging to address various contamination control issues. Foremost among
these are different products for cleaning gear or firefighter skin such as disposable wipes. As with
any highlighted need within the fire service, there are multiple claims about efficacy yet these
claims should be validated based on some form of standardized testing. Unfortunately, standards
do not exist in all areas with one example being the efficacy of disposable wet wipes touted as
providing an efficient way of cleaning firefighter skin following structural fires. The generation of
specific efficacy criteria would fall to certain standards, some being perhaps outside the NFPA
process. Thus, some best practices might be considered generic until more data is collected. The
ability to prescribe what could seem a certain best practice would be limited by a general
understanding of effectiveness rather than a certainty of applicability or efficacy for broad
recommendation to the fire service.

As an additional approach, which looks to take
advantage of other government resources, is the System
Assessment and Validation for Emergency Responders
(SAVER). This program could provide a basis for the
independent evaluation of specific product types.
SAVER provides a Consumer Products guide-like
approach for assessing specific features and performance
of different types of existing or new technologies. This
program has been applied to several forms of first |#
responder technologies where the assessments rely on a | e tsesmenand faidaion for Enerzency Resporders (SAVER)
set of uniform evaluation procedures, quantified methods | Structural Firefighting Gloves

of rating products or approaches, and full disclosure of | Market Survey Report
methodology and findings available on-line through the | oeeser 204

Department of Homeland Security website. The Project
Team advocates that this resource be considered for
aiding in the validation of best practice technologies
where recognized procedures can be applied. A sample
report is shown in Figure 8 where firefighter gloves and

practices regarding their use were evaluated and Figyre 8 — Example SAVER Report
surveyed.

5. Department of Homeland Securit

Prepared by the National Urban Security Technology Laborators

“Approved for public release: Gistribution & nkmted.

As another example of product/service qualification, it was noted that a separate DHS AFG
research project being conducted by the Fire Protective Research Foundation has focused on the
validation of cleaning processes for turnout gear. Experiments have been carried out using a kit-
like approach for determining the effectiveness of different advanced cleaning procedures as
illustrated in Figure 9.

Ultimately, best practices should be promoted to the fire service for addressing immediate
concerns related to contamination control. As best practices are further defined, they can become
part of existing voluntary standards to be used by the fire service. Yet, to properly address the
specific key element within a contamination control campaign, it is necessary to create the
awareness and tools for the fire service adoption of specific procedures, which can limit exposure
to contamination.
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CLEANING VERIFICATION KIT PROCESS

Representative sample Sample contaminated in Sample packed in kit Sample placed inside
prepared laboratory process and sent to organization surrogate turnout

seeking verification clothing item

]

=
=l

!

il

1
CONTAMINANT SWATCH

Clothing and sample washed Sample packed in kit Sample analyzed Results provided for
according to organization's and sent to for different showing cleaning
existing process qualified lab contaminant levels effectiveness by contaminant

Figure 9 — Validation Approach Being Developed to Evaluating Turnout Gear Cleaning

Key Element 5 — Assessing the Utility of Other Information and Resources

A number of other types of information resources were considered as part of a proposed fire service
contamination control campaign. While this element was intended to be mostly a “catchall” for
areas not explicitly covered as part of the other elements, it was recommended to provide a number
of tools and other resources that are interconnected with other parts of the overall baseline
information.

As part of the content for this element, the following sub-elements were proposed:

e A list of different organizations and their relation to contamination control

e An evolving list of unmet research needs to support various contamination control efforts

e Descriptions of contamination control practices used in other related industries (3 examples
will be given including HazMat, healthcare, and the nuclear power industry)

e Aglossary

e A forum for online questions and answers (likely through a blog)

e Specific social media connections

As previously pointed out, there are several organizations that are already working in the area of
contamination control. These include a variety of fire service trade groups, unions, and other
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independent organizations, A campaign for fire service contamination control must recognize the
value of these organizations and create links from the central group (if promoted through a website)
to these other organizations. Linkages to these organizations should be created with permission
and include a short description of the resources that are available within each organization.

While not within the scope of this project, an additional area of information that can be helpful not
just to the fire service but all to the larger industrial community that interfaces with the fire service
is an evolving list of unmet research needs. This information becomes useful being associated with
a contamination control campaign because it provides a location on a contamination-control site
that does not become generalized with other topics. There are on-going efforts for identifying
research needs by several organizations including the National Fallen Firefighters Foundation and
the Interagency Board for First Responder Equipment Interoperability and Standardization. The
lists produced by these groups are broad in scope and are not always directly communicated to the
overall research community. Therefore, identifying specific research needs, especially those that
arise from the examination of proposed best practices, provides a pathway for linking the current
state-of-the-art with technology or service gaps to be developed or validated.

In the course of this project it was understood that other professions also have to deal with various
forms of contamination and have evolved practices to control worker exposure. It was further
recognized that the specific practices developed for these industries could have potential
application as applied to the fire and emergency services. For these reasons, contamination control
approaches were examined in three different industries:

e Healthcare
e Nuclear power generation
e Hazardous materials response

The specific analyses that were conducted are provided in Annex C. However, some key takeaways
included the findings that are provided in Table 5.

Certainly, it is possible for the fire service to learn or to adapt potential best practices for
contamination control from other industries, but a substantial part of this transformation has to
include changes in the attitudes by firefighters towards controlling contamination. It has only been
in the last generation of firefighters, that the culture of the fire service towards maintaining clean
gear has evolved. Prior to this transition, a substantial portion of the fire service believed that dirty
clothing was a “badge of honor” indicative of experience where the principal hazards were either
thermal or physical in nature. The alarming rates of cancer have changed the culture, but some
attitudes still persist based on traditional practices and procedures.

To overcome residual tradition or cultural obstacles, continuing efforts are needed to promote
awareness and answer questions for ensuring that exposure to persistent contaminants are
considered a serious hazard. Among the different tools that can be used for awareness. One
suggested way of creating dialogue in this area is to run a “blog.” Another is the use of social
media to push out information as it becomes available. Finally, unifying the fire service with a
consistent terminology on this subject could be further achieved by assembling a glossary of key
terms.
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Table 5 — Overview of Contamination Control Practices from Related Industries

Industry

Healthcare

Principal Concern

To limit spread of
infectious diseases

Primary Strategy

Application of infection
control program

Awareness emphasized
Apply sterile procedures
Isolation of infected patients
Extensive use of disinfectants
and sanitizers

Infection control practitioners

Examples of Best Practices

Extensive hand washing policy
Application of standard, universal
precautions

Clear facility infection control practices
Environmental management procedures
Large degree of oversight by Center for
Disease Control (CDC) and U.S. Food &
Drug Administration (FDA) as well as
World Health Organization (WHO)

Nuclear power
generation

To provide full control
of ionizing radiation

ALARA (as low as reasonably
achieving)

Hierarchy of exposure
controls (engineering,
administrative, and PPE)
Strict control of entry into
hazard areas

Practicing health physicists

Extensive use of engineering and
administrative controls, site segregation
Limitation of exposure (time x proximity =
dose)

Extensive monitoring of affected sites; us of
dosimetry for individual exposures
Oversight by Nuclear Regulatory
Commission

Hazardous materials
response

To prevent exposure to
and transfer of
hazardous materials

Classification of events by
types of hazards presented
Methodological approach to
response

Assumption that hazards exist
during response

Establishment of hazard control zones

Use of defined levels of PPE
Comprehensive training of all personnel in
operational procedures to minimize
exposure and limit contamination spread
Extensive size up of situation before
response

Governed by applicable OSHA regulations
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Overall Direction

Through this project, a detailed approach has been suggested for creating a long-term campaign
for fire service contamination control. It was apparent at the beginning of the project that a single
examination of this topic would be insufficient to create the needed features of a campaign to
credibly inform and advance the fire and emergency services into the needed cultural, operational,
and technological changes that are needed to appropriately address persistent contamination and
its spread to individual firefighters, other emergency responders, their equipment, their facilities,
and the public.

A campaign can only be achieved by a multifaceted, concerted effort aimed at reaching all levels
of the fire emergency services, as well as related industries. The proposed elements in the
campaign, based on recommendations provided in this report, are intended to set the framework
for such an effort. Ideally, a central coordinating organization would champion the campaign and
work closely with other organizations, which are also undertaking various endeavors towards
contamination control. Further, there is the need for an adaptable platform, such as a website,
which can be used to create the necessary linkages to the variety of different information and
resources available in this area.

Ultimately, the fire service will be seeing a number of changes in how they pursue their
responsibilities in the consideration of controlling contamination. These changes will be fostered
by new attitudes and consideration of the hazards of contamination, modifications to operations
for minimizing contamination transfer, and effects, and a range of new technologies and services
that will affect stations, vehicles, and various types of equipment.

In order to implement the necessary actions for individual organizations or for industry groups to
adopt specific approaches to affect contamination control, the Project Team has drafted a sample
resolution provided in Annex D, which can be the basis for the organization’s work group’s
commitment to addressing contamination control.

Contamination control is not a new concept for worker protection; however, in relation to certain
types of contaminants, particularly products of combustion, serious changes are needed for fire
and emergency services to overcome years of neglect and to aggressively reverse disturbing trends
in the rise of cancer and other chronic diseases that are now being associated with exposure to
persistent contaminants. A campaign is truly an effort that is needed to ensure that these changes
continue well into the future.
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ANNEX A

Sample Literature Survey Results for Fire and Emergency
Services Contamination Issues



Table A-1: Sample Literature Survey Results For Fire And Emergency Services Contamination Issues (as of August 2017)

First Authors 2" Authors Title Rl Source Citation DOl # Year e Rl

Free? Contamination Contamination eyt A olfrer

carbon monoxide,
levoglucosan,
Chemical - CO particulate matter,

Exposure of Wildland
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Adetona, O. ('\)lgzt]e;dr, and L. P. Monoxide, Fine Particles, No nla QH%/glggi 57.8 (2013): ?r?erlt(]))éi/ 2013 PM personal prescribed burn,
and Levoglucosan ’ wildland
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Reinhardt, T. E., J.
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Hazardous Materials/Weapons of
Mass Destruction

Standard for Fire Service
Professional Qualifications

Standard for Fire Apparatus
Driver/Operator Professional
Qualifications

Standard for Airport Fire Fighter
Qualifications

Standard for Professional
Qualifications for Marine Fire
Fighting for Land-Based Fire
Fighters

Standard for Technical Rescue
Personnel Professional
Qualifications

E
Applicable
Sections

Chap 4, 7,
9,10

All

Chap 5, 7,
9,10

Chap 7,8,
9,11,12

All

All

Chap 4

All

All

Chap 6, 16,
17,18, 19,
20,21, 22

B-2

F

Category

HazMat

HazMat

HazMat

ProQual

ProQual

ProQual

ProQual

ProQual

ProQual

ProQual

G

Relevancy

Not relevant — Incorporated into
472 and 473

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Training of contamination
control and equipment SCAM

Fire ground operations and
contamination control in relation
to those operations

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

H
Specific Input
opportunities

|
Criticality
(1-95)

5



11

12

13

14

15

16

17

18

19

20

A

Doc

1021

1026

1041

1051

1071

1072

1081

1404

1405

1407

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition

2014

2014

2012

2016

2016

2017

2012

2013

2016

2015

C

Rev
Cycle

Fall
2019

Fall
2017

Fall
2018

Fall
2019

Fall
2019

Fall
2021

Fall
2017

Fall
2017

Fall
2019

Fall
2019

D E
Applicable

Document Title Sections

Standard for Fire Officer All
Professional Qualifications

Chap 4, 5,
Standard For Incident Management 8, 9, 10, 11,
Personnel Professional 12, 13, 14,
Qualifications 15, 20, 21,

24,25, 29
Standard for Fire Service Instructor Al

Professional Qualifications

Standard for Wildland Firefighting

Personnel Professional All
Qualifications

Standard for Emergency Vehicle

Technician Professional All
Qualifications

Standard for Hazardous
Materials/Weapons of Mass
Destruction Emergency Response
Personnel Professional
Qualifications

Standard for Industrial Fire
Brigade Member Professional
Qualifications

All

All

Standard for Fire Service All
Respiratory Protection Training

Standard for Land-Based Fire
Departments that Respond to
Marine Vessel Fires

Chap 16

Standard for Training Fire Service

Rapid Intervention Crews Chap 8

B-3

F
Category

ProQual

ProQual

ProQual

ProQual

ProQual

ProQual

ProQual

Training

Training

Training

G H
Specific Input
Relevancy opportunities
Fire fighter officer training,
which can include contamination

control training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Fire fighter training, which can
include contamination control
training

Section on Post-incident
activities can include
contamination control awareness
and training

Fire fighter training, which can
include contamination control
training

|
Criticality
(1-95)

5



21

22

23

24

25

26

27

28

29

30

31

A

Doc

1410

1451

402

403

600

1143

1500

1521

1561

1581

1582

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition
2015

2013

2013

2014

2015

2014

2013

2015

2014

2015

2013

C

Rev
Cycle

Fall
2019

Fall
2017

Annual
2017

Annual
2017

Fall
2019

Annual
2017

Annual
2017

Fall
2019

Fall
2019

Fall
2020

Fall
2017

D

Document Title

Standard on Training for
Emergency Scene Operations

Standard for a Fire and Emergency
Service Vehicle Operations
Training Program

Guide for Aircraft Rescue and
Fire-Fighting Operations

Standard for Aircraft Rescue and
Fire-Fighting Services at Airports

Standard on Facility Fire Brigades

Standard for Wildland Fire
Management

Standard on Fire Department
Occupational Safety and Health
Program

Standard for Fire Department
Safety Officer Professional
Qualifications

Standard on Emergency Services
Incident Management System and
Command Safety

Standard on Fire Department
Infection Control Program

Standard on Comprehensive
Occupational Medical Program for
Fire Departments

E
Applicable
Sections

Chap 6

Chap 10

Chap 13

Chap 5, 6,
8,9

All

Chap 4, 5,
7,8

All

All

Chap 8

All

All

B-4

F
Category

Training

Training

Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment
Ops &
Manage-
ment

G

Relevancy
Fire ground operations and
contamination control in relation
to those operations
How to clean apparatus and
equipment, important for
contamination control

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Concerns fire fighter health and
safety management

Fire fighter officer training,
which can include contamination
control training

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Concerns fire fighter health and
safety management

H
Specific Input
opportunities

|
Criticality
(1-95)

4



32

33

34

35

36

37

38

39

40

41

A

Doc

1584

1700

1710

1720

414
1901

1906

1911

1912

1915

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition

2015

2016

2014

2017
2016

2016

2017

2016

2000

C

Rev
Cycle

Fall
2020

Annual
2019

Annual
2019

Annual
2019
Annual
2020
Annual
2020

Fall
2021

Fall
2020

N/A

D

Document Title
Standard on the Rehabilitation
Process for Members During
Emergency Operations and
Training Exercises

Guide for Structural Fire Fighting

Standard for the Organization and
Deployment of Fire Suppression
Operations, Emergency Medical
Operations, and Special Operations
to the Public by Career Fire
Departments

Standard for the Organization and
Deployment of Fire Suppression
Operations, Emergency Medical
Operations and Special Operations
to the Public by Volunteer Fire
Departments

Standard for Aircraft Rescue and
Fire-Fighting Vehicles

Standard for Automotive Fire
Apparatus

Standard for Wildland Fire
Apparatus

Standard for the Inspection,
Maintenance, Testing, and
Retirement of In-Service
Automotive Fire Apparatus
Standard for Fire Apparatus
Refurbishing

Standard for Fire Apparatus
Preventive Maintenance Program

E
Applicable
Sections

All

Chap 6

Chap 5

All
All

All

All

All

Chap 7, 8,
9

B-5

F

Category

Ops &
Manage-
ment

Ops &
Manage-
ment

Deploy-
ment

Deploy-
ment

Appar-
atus
Appar-
atus
Appar-
atus

Appar-
atus

Appar-
atus
Appar-
atus

G
Relevancy

Concerns fire fighter health and
safety management

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Fire ground operations and
contamination control in relation
to those operations

Development and SCAM of
apparatus
Development and SCAM of
apparatus
Development and SCAM of
apparatus

Development and SCAM of
apparatus

Development and SCAM of
apparatus
Development and SCAM of
apparatus

H
Specific Input
opportunities

|
Criticality
(1-95)



42

43

44

45

46

47

48

49

50

51

52

53

54

55

A
Doc
#

1917

1925

1931

1801

1932

1936
1937

1961

1962

1963
1964

1965

11

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition
2016

2013

2015

2013

2015

1936

2013

2013

2014
2013

2014

2015

2016

C
Rev
Cycle
Annual
2018
Fall
2017

Fall
2019

Annual
2017

Fall
2019

Annual
2019

Annual
2018

Fall
2017

Fall
2018
Fall
2017
Fall
2018

Annual
2017

Fall
2020

D

Document Title
Standard for Automotive
Ambulances
Standard on Marine Fire-Fighting
Vessels
Standard for Manufacturer's
Design of Fire Department Ground
Ladders

Standard on Thermal Imagers for
the Fire Service

Standard on Use, Maintenance, and
Service Testing of In-Service Fire
Department Ground Ladders

Standard on Powered Rescue Tools

Standard for the Selection, Care,
and Maintenance of Rescue Tools

Standard on Fire Hose

Standard for the Care, Use,
Inspection, Service Testing, and
Replacement of Fire Hose,
Couplings, Nozzles, and Fire Hose
Appliances

Standard for Fire Hose
Connections

Standard for Spray Nozzles

Standard for Fire Hose Appliances

Recommended Practice for
Commissioning of Fire Protection
and Life Safety Systems

Standard for Low-,Medium, and
High-Expansion Foam Systems

E
Applicable
Sections

Chap 4,5

Chap 7, 20

Chap 4

Chap 6

Chap 4, 6

Chap 6

Chap 4

All

All
All

All

Chap 6

All

B-6

F

Category

Appar-
atus
Appar-
atus

Appar-
atus

Equip-
ment

Equip-
ment

Equip-
ment
Equip-
ment
Equip-
ment

Equip-
ment

Equip-
ment
Equip-
ment
Equip-
ment

Exting.
Agents

Exting.
Agents

G H
Specific Input
Relevancy opportunities
Development and SCAM of
apparatus
Development and SCAM of

apparatus

Development and SCAM of
apparatus

Training of contamination
control and equipment SCAM

Training of contamination
control and equipment SCAM

Training of contamination
control and equipment SCAM
Training of contamination
control and equipment SCAM
Training of contamination
control and equipment SCAM

Training of contamination
control and equipment SCAM

Training of contamination
control and equipment SCAM
Training of contamination
control and equipment SCAM
Training of contamination
control and equipment SCAM

Possible fire fighter
contamination risk

Possible fire fighter
contamination risk

|
Criticality
(1-95)

5

3



56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

A
Doc
#

1la
1lc

12a

13e

16

17
17a
18
18a

298

770

1145
1150
2001

2010

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition
2004
1995

2015

2015

2015

2017
2017
2017
2017

1994

2017
2017
2015

2015

C

Rev
Cycle

N/A

N/A

Fall
2017

Fall
2019

Fall
2018

Fall
2021
Fall
2021
Fall
2020
Fall
2021

N/A

Annual
2021
Fall
2021
Fall
2017
Fall
2019

D

Document Title
Standard for Medium- and High-
Expansion Foam Systems
Standard for Mobile Foam
Apparatus
Standard of Halon 1301 Fire
Extinguishing Systems
Recommended Practice for Fire
Department Operations in
Properties Protected by Sprinkler
and Standpipe Systems
Standard for Installation of Foam-
Water Sprinkler and Foam-Water
Spray Systems
Standard for Dry Chemical
Extinguishing Systems
Standard for Wet Chemical
Extinguishing Systems

Standard on Wetting Agents

Standard on Water Additives for
Fire Control and Vapor Mitigation
Standard on Foam Chemicals for
Wildland Fire Control

Standard on Hybrid (Water and
Inert Gas) Fire Extinguishing
Systems

Guide for the Use of Class A
Foams in Fire Fighting

Standard on Foam Chemicals for
Fires in Class A Fuels

Standard on Clean Agent Fire
Extinguishing Systems

Standard for Fixed Aerosol Fire-
Extinguishing Systems

E

Applicable
Sections

All

Not Active
Document

All

All

All

All

All

All

All

All

All

All

All

All

All

B-7

F

Category
Exting.
Agents
Exting.
Agents
Exting.
Agents

Exting.
Agents

Exting.
Agents

Exting.
Agents
Exting.
Agents
Exting.
Agents
Exting.
Agents
Exting.
Agents

Exting.
Agents

Exting.
Agents
Exting.
Agents
Exting.
Agents
Exting.
Agents

G

Relevancy

Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk

Possible fire fighter
contamination risk

Possible fire fighter
contamination risk

Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk

Possible fire fighter
contamination risk

Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk
Possible fire fighter
contamination risk

H
Specific Input
opportunities

|
Criticality
(1-95)

1

1



71

72

73

74

75

76

7

78

79

A

Doc

1408

1851

1852

1855

1858

1877

1951

1952

1953

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B
Ed-
ition

2015

2014

2013

2013

2015

2016

C

Rev
Cycle

Fall
2019

Fall
2018

Annual
2018

Annual
2017

Fall
2017

Annual
2019

Annual
2017

Annual
2020

Annual
2020

D

Document Title
Standard for Training Fire Service
Personnel in the Operation, Care,
Use, and Maintenance of Thermal
Imagers
Standard on Selection, Care, and
Maintenance of Protective
Ensembles for Structural Fire
Fighting and Proximity Fire
Fighting
Standard on Selection, Care, and
Maintenance of Open-Circuit Self-
Contained Breathing Apparatus
(SCBA)
Standard for Selection, Care, and
Maintenance of Protective
Ensembles for Technical Rescue
Incidents
Standard on Selection, Care, and
Maintenance of Life Safety Rope
and Equipment for Emergency
Services
Standard on Selection, Care, and
Maintenance of Wildland Fire
Fighting Clothing and Equipment

Standard on Protective Ensembles
for Technical Rescue Incidents

Standard on Surface Water
Operations Protective Clothing and
Equipment

Standard on Protective Ensembles
for Contaminated Water Diving

E
Applicable
Sections

Chaps 5,6,7

Chaps 7,8,9

Chaps 5,6,7

Chaps
5,6,7,8,9

Chap 6

Chap 6

Chap 6

B-8

F
Category

PPE
SCAM

PPE
SCAM

PPE
SCAM

PPE
SCAM

PPE
SCAM

PPE
SCAM

PPE

PPE

PPE

G H
Specific Input

Relevancy opportunities

Possible required education for
fire service personnel on
contamination hazards

Procedures for cleaning and
decontamination of firefighter
protective clothing and
equipment

Procedures for cleaning and
decontamination of SCBA

Procedures for cleaning and
decontamination of technical
rescue PPE

Procedures for cleaning and
decontamination of rope,
harness, and related equipment

Procedures for cleaning and
decontamination of wildland
PPE

Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions

|
Criticality
(1-95)



80

81

82

83

84

85

86

87

88

89

90

A

Doc

1971

1975

1976

1977

1981

1984

1986

1987

1989

1991

1992

Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

B

Ed-

ition

2013

2014

2000

2016

2013

2016

2017

2013

2016

2012

C

Rev
Cycle

Annual
2017

Fall
2018

Fall
2020

Fall
2017

Fall
2020

Fall
2021

Annual
2018

Fall
2020

Annual
2017

D

Document Title
Standard on Protective Ensembles
for Structural Fire Fighting and
Proximity Fire Fighting

Standard on Emergency Services
Work Clothing Elements

Standard on Protective Ensemble
for Proximity Fire Fighting

Standard on Protective Clothing
and Equipment for Wildland Fire
Fighting

Standard on Open-Circuit Self-
Contained Breathing Apparatus
(SCBA) for Emergency Services

Standard on Respirators for
Wildland Fire Fighting Operations

Standard on Respiratory Protection
Equipment for Tactical and
Technical Operations

Standard on Respiratory Protection
Equipment for Tactical and
Technical Operations

Standard on Breathing Air Quality
for Emergency Services
Respiratory Protection

Standard on Vapor-Protective
Ensembles for Hazardous
Materials Emergencies

Standard on Liquid Splash-
Protective Ensembles and Clothing
for Hazardous Materials
Emergencies

E

Applicable

Sections

All

All

All

All

All

All

All

All

All

All

All

B-9

F
Category

PPE

PPE

PPE

PPE

PPE

PPE

PPE

PPE

PPE

PPE

PPE

G

Relevancy
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions
Specific requirements for
contamination resistance and
provision of use instructions

Specific requirements for
contamination resistance and
provision of use instructions

H
Specific Input
opportunities

|
Criticality
(1-95)

5



Table B-1: NFPA Codes and Standards with Applicability for Emergency Responder Contamination Control

A B C D E F G H |
Doc  Ed- Rev Applicable Specific Input  Criticality
# ition  Cycle Document Title Sections Category Relevancy opportunities (1-5)
Annual StanQard on Protective Ensembles Specifi(_: rec_|uirem_ents for
91 1994 2012 2017 for First Responders to CBRN All PPE contamination resistance and 5
Terrorism Incidents provision of use instructions
Annual Standard on Protective Clothing Specifi(_: requirem_ents for
92 1999 2013 2017 and Ensembles for Emergency All PPE contamination resistance and 5
Medical Operations provision of use instructions

Standard on Flame-Resistant

Annual Garments for Protection of Specific requirements for

93 2112 2012 2017  Industrial Personnel Against Flash All PPE contqmmatlon refslstancg and 5
Fire provision of use instructions
Standard on Selection, Care, Use,
Annual and Maintenance of Flame- Specific requirements for
94 2113 2015 Resistant Garments for Protection All PPE contamination resistance and 5
2019 . ) . ; .
of Industrial Personnel Against provision of use instructions

Short-Duration Thermal

KEY

A — Doc #: Refers to document number provided by the National Fire Protection Association

B — Edition: The year the standard was more recently promulgated

C — Rev Cycle: The cycle set by NFPA for the revision of the standard. Most NFPA standards are reviewed and revised every five years. Some standards may be
short cycled or have extended period before revision are made. NFPA uses both a Fall and an Annual cycle that refers to a set of fixed dates for public input, public
comment, and processing according to a standard revision schedule.

D — Document Title: Self-explanatory

E — Applicable Sections: Refers to the section in the standard, which may be impacted by contamination control issues

F — Category: Type of fire service product or operations affected by standard

G - Relevancy: Manner in which standard applies for addressing contamination control issues or practices

H — Specific Input Opportunities: Left blank; intended to provide area for indicating portions of standard that could be modified to affect contamination control
issues or practices

| — Criticality: Project team assignment of potential impact of standard on fire service contamination control issues and practices

B-10



ANNEX C

Overview of Contamination Control Practices in
Selected Related Industries



Overview of Contamination Control Practices in the Healthcare Industry

Contamination control in healthcare settings is focused on limiting the transmission of infectious
diseases. Infectious agents of particular concern in the healthcare industry include human
immunodeficiency virus (HIV), hepatitis B and C viruses, Clostridium difficile, Mycobacterium
tuberculosis (in particular, multidrug resistant TB, MDR-TB), Neisseria meningitidis
(meningococcal meningitis), the coronavirus causing SARS, methicillin-resistant Staphylococcus
aureus (MRSA), Vancomycin-resistant enterococci (VRE), and multiple species of Acinetobacter.
Acts of bioterrorism may involve other infectious agents such as Bacillus anthracis (anthrax),
Clostridium botulinum (botulism), Yersinia pestis (plague), Variola virus (smallpox), arenaviruses
and bunyaviruses (viral hemorrhagic fevers such as caused by Marburg and Ebola viruses),
Francisella tularensis (tularemia) and others. Other situations requiring contamination control
include radiation and chemical emergencies.

Infection control is accomplished through a progression of administrative, environmental and PPE
measures. Administrative measures include actions such as developing and implementing agent-
specific plans, ensuring the cleaning, disinfecting, and sterilizing of items as appropriate, and
training healthcare workers. Environmental controls are used to remove an infectious agent from
the healthcare area, for example by using exhaust ventilation to remove contaminated air or using
HEPA filters to clean air. Use of personal protective equipment such as respirators further reduces
risk.

Infection control practices implemented by the individual healthcare provider include
handwashing, use of personal protective clothing and equipment (PPE), and appropriate handling
of specimens, sharps, waste, and contaminated garments and PPE. These practices are designed to
minimize transmission of infectious agents through airborne, droplet, and contact routes when used
in conjunction with the effective decontamination of surfaces, equipment and clothing. Infection
control practices implemented by the facility address the cleaning and disinfecting of instruments
(endoscopes, etc.), the hard surfaces in patient rooms and wards (rails, 1V poles, etc.), and fabric
surfaces (drapes, curtains, etc.). Contamination control comprises not only cleaning to removal of
surface soils and organic matter but also disinfecting with agents or technologies to kill most
microbes (except for spores) and sterilizing with agents or technologies to destroys microbes
including spores).

Cleaning, whether performed manually or mechanically, typically entails use of water with
detergents or enzyme-based products. Friction and fluidics remove surface soils. Mechanical
cleaning of instruments or equipment may be accomplished with ultrasonic machines or washer-
sterilizers (steam sterilizers modified to include a cleaning cycle before the sterilizing cycle).

Chemical disinfectants include alcohols (isopropanol and ethanol), chlorine and chlorine
compounds such as sodium hypochlorite and “superoxidized water” (electrolyzed saline),
formaldehyde and formalin (37% formaldehyde by weight), glutaraldehyde, hydrogen peroxide,
iodophors, ortho-phthalaldehyde (OPA), peracetic acid, peracetic acid and hydrogen peroxide,
phenolics, and quaternary ammonium compounds (quats). The appropriateness of a particular
chemical disinfectant depends on the makeup of the materials being disinfected and the intended
use of the materials. For example, alcohols are not suitable for surgical materials but are acceptable
for disinfecting the exterior of medication bottles.
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Sterilization is accomplished with steam, ethylene oxide gas, hydrogen peroxide gas plasma,
peracetic acid immersion, or ozone. Some liquid chemicals (glutaraldehye, hydrogen peroxide,
peracetic acid, and peracetic acid/hydrogen peroxide) are also FDA-cleared for sterilization of
medical devices. Steam sterilization in an autoclave is most common. Pressure is used to obtain
high temperatures (typically 121°C or 132°C). Exposure times vary depending on type of item and
whether the autoclave is a gravity displacement or high-speed prevacuum model. “Flash” steam
sterilization (132 °C for 3 minutes at 27-28 Ib pressure) is sometimes used on clean patient-care
items when the regular methods are not possible. Sterilization can be accomplished at lower
temperatures with agents such as ethylene oxide. The ethylene oxide method is more expensive,
requires more time, and has potential hazards than the steam methods, but it can be used for
sterilizing heat and moisture sensitive items. Newer technologies include gas plasma systems using
hydrogen peroxide gas or peracetic acid-acetic acid-hydrogen peroxide vapor. Other sterilization
technologies include immersion in peracetic acid, radiation, dry heat sterilization (requires higher
temperatures and long cycle times), and ozone.

A scenario involving tuberculosis serves as an example of contamination control in a healthcare
setting. The Centers for Disease Control and Prevention provides guidelines specific to TB. The
healthcare facility has already in place a general infection control program to identify potentially
infectious patients, to take precautions to limit the transmission of the infectious agent, and to treat
the patient. Within this plan are the TB-specific administrative and environmental controls that the
facility has instituted to help control the risk of infection from a patient with TB. Some of the
administrative measures include charging designated employees with assessing the TB risk for
various healthcare workers; ensuring availability of resources such as laboratory testing;
identifying and implementing practices to minimize risk to health care workers tending the patient;
educating, training, and counseling those who might have contact with the patient; and ensuring
that possibly contaminated equipment is appropriately cleaned, disinfected, and sterilized. Because
airborne transmission of Mycobacterium tuberculosis is of particular concern, environmental
controls to address this include using devices such as hoods and tents that provide local exhaust
ventilation in addition to general ventilation. The flow of contaminated air from an isolation room
to nearby areas is minimized by using HEPA filters or ultraviolet germicidal irradiation to clean
the air. Athird control measure is the implementation of a respiratory protection protocol including
use of personal respiratory protective equipment (such as a NIOSH-approved particulate filtering
facepiece respirator like the N95 disposable respirator) with appropriate training of health care
workers and educating the patient in respiratory hygiene including “cough etiquette.”

Administrative measures include determining appropriate protocols for procedures in which the
possibility is high for aerosol formation. For example, extra precautions are needed in
bronchoscopy suites and during autopsy and embalming, particularly when saws are used.
Environmental controls include special attention to ventilation and air cleaning. While a major
concern is transmission of airborne M. tuberculosis, contaminated equipment, for example a
contaminated bronchoscope, can spread M. tuberculosis. Administrative measures include
identifying contamination procedures for patient care equipment and ensuring that these
procedures are followed.

Noncritical medical instruments or devices (e.g., blood pressure cuff) that are contaminated with
blood or bodily fluids are cleaned with a hospital -grade, EPA-registered germicide disinfectant
with tuberculocidal activity. Minimally soiled noncritical items and surfaces like floors are cleaned
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with low-level disinfectants. During cleaning of an occupied patient room, workers follow
precautions against airborne particulates; however, because environmental surfaces do not transmit
TB, PPE is not needed during cleaning of the room of a discharged patient, provided that the room
has been ventilated appropriately. Semi-critical medical instruments (e.g., bronchoscopes) are
cleaned meticulously and then disinfected with a high level disinfectant or, preferably, sterilized.
Critical medical instruments (e.g., surgical instruments) are cleaned and sterilized.
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Overview of Contamination Control Practices in the Nuclear Power Industry
and Other Industries Using Radiation

The major types of radiation that are generally encountered include alpha, beta, gamma ray, and
x-ray radiation. However, one encounters neutron radiation in nuclear power plants and some
industrial settings.

Alpha particles are helium nuclei. Examples of alpha emitters are radium, radon, and uranium.
While even a sheet of paper or the top layer of dead skin cells are sufficient to block them, alpha
particles can be very harmful if inhaled, ingested, or absorbed into the bloodstream through non-
intact skin. Beta particles are ejected electrons or positrons. Sources include tritium and carbon-
14. These can penetrate skin to the germ layer and cause severe skin damage. Beta particles are
also harmful if absorbed internally. Gamma rays and x-rays are high energy electromagnetic
radiations that readily penetrate may materials including several inches into human tissue. Gamma
ray sources include iodine-131, sesium-137, radium-226, and cobalt-60. X-rays are typically
produced by firing an electron beam from a cathode at a metal target. Gamma and x-rays cause
severe health effects including acute radiation syndrome. Neutrons are neutral particles emitted
during nuclear fission. They are indirectly ionizing and so can make other materials radioactive.
Radiation with neutrons can have devastating effects on the whole body. Table 1 summarizes
characteristics of different types of radiation.

Table C1 — Characteristics of Different Types of Radiation

Type Penetration | Shielding Hazard mode Detector Possible
of skin health effects
Alpha Virtually Sheet of paper; Ingestion, Thin-window | cancer; DNA
particles |non- layer of clothing inhalation, Geiger- damage; acute
penetrating absorption into Meuller radiation
blood through (GM) probe |syndrome
wound (rarely)
Beta Moderately | Thin layer of Direct exposure to | Thin-window | Skin damage
particles | penetrating | aluminum or skin, ingestion, Geiger- with severe
clothing (several inhalation, Meuller sunburn
mm thick) absorption through |(GM) probe | effect;
wound cancer or
other damage
internally
X-rays Highly Dense material like |Direct exposure to |Sodium Skin damage,
penetrating |lead (many cm) or |skin iodide cancer, ARS
concrete (meter or detector
more) probe
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Type Penetration | Shielding Hazard mode Detector Possible
of skin health effects
Gamma | Highly Dense material like |Direct exposure to |Sodium Acute
rays penetrating | lead (many cm) or |skin iodide radiation
concrete (meter or detector syndrome
more) probe (ARS),
cancer, DNA
damage
Neutrons |Highly Concrete or water | Direct exposureto | Gas Acute
penetrating | (meter or more) skin, ingestion, proportional |radiation
inhalation, detectors syndrome
absorption through (ARS),
wound cancer, DNA
damage

In addition to nuclear power generation, radiation has applications in medicine, academia, and
industry. Common medical applications of radiation include:

e X-rays used for imaging, including CAT scans;

e Irradiation of medical equipment to kill microbes;

e Nuclear medicine, using radioactive isotopes therapeutically, such as iodine-131 for
treatment of thyroid disease.

Academic institutions use radiation for a range of applications including:

e Carbon dating using C-14;

e Elucidation of chemical reaction pathways using radioactive isotopes as tracers;

e ldentification of compounds such as components of petroleum products with low energy
radioactive sources in gas chromatography.

Industrial uses encompass a broad range of application including:

e Irradiation of food to kill microbes;

e lrradiation to remove certain toxic pollutants such as electon bean radiation to remove
sulfur and nitrogen oxides from exhaust gases;

e Agricultural applications such as pest control;

e Radiography using x-rays to locate defects in metallic casings;

e Radioactive sources in detection equipment used in oi and gas exploration.

Controlling time, distance, and shielding are the main ways to limit personal exposure to external
radiation. The dose of radiation received is directly related to the exposure time. Similarly, the
distance from the individual to the radiation source affects the dose, as the intensity of the exposure
falls exponentially with distance from the source. Depending on the extent of exposure control
possible through time and distance, shielding with a material appropriate for the type of radiation
is necessary. The “stay time” (maximum time that an individual can stay in a area before exceeding
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a prescribed exposure limit) is equal to the limit (in mrem) divided by the dose rate (mrem/hr).
External radiation exposure is monitored with different types of personal monitoring devices
including film badges and dosimeters, such as thermoluminescent (TDL), optically stimulated
luminescent (OSL), or pocket dosimeters. OSL dosimeters are commonly used in the United
States.

Internal radiation exposure occurs through inhalation of dusts or aerosolized particles, ingestion
of contaminated water or other materials by mouth, absorption through intact skin, or enty into the
body through wounds or puncture with a contaminated object. Limiting internal exposures is
accomplished by isolating the radiation sources (sealing samples, using fume hoods, etc.), having
separate radioactive and nonradioactive work areas, implementing contamination control zones,
and scrupulously using protective clothing, monitors, etc. Good work practices such as proper
labeling of containers of radioactive material is vital. Internal radiation exposures are monitored
with bioassays including biological samples and partial or whole body counting.

To contain radiation hazards to certain areas and limit contamination to other areas, access must
be controlled and protocols such as changing clothing and footwear may be implemented.
Ventilation control can also help to control hazards. A HEPA filter can remove radioactive particles
from the air. Charcoal filters are used for some isotopes. Keeping negative pressure in areas with
the potential for contamination and controlling air flow rates also limit exposures. Exit monitoring
can include frisk monitors, hand contamination monitors and whole body monitors. Workers
should use step-off pads to reduce the chance of bringing contamination into other areas.

In the event of contamination of objects or surfaces, the scope of decontamination depends on the
radiological conditions and the cost. Decontamination does not get rid of the radiactive materials;
rather the radioactive material is removed to another controlled area. Thus, the benefit of
decontamination of objects must outweigh the cost and the hazards involved in the the
decontamination. Radioactive contamination of surfaces is “fixed” or “free”. Fixed contamination
cannot be spread although the radioactivity is measurable. Free contamination can be spread to
other surfaces or into the air. A contaminated surface may be decontaminated in different ways. A
concrete surface might be shaved to remove the contamination. Transferable radioactive
contaminants can be fixed to a surface with certain products, or a strippable film or
decontamination gel can be applied to trap the contaminants. Wipes must be used with care to
avoid recontaminating a surface. Decontamination methods should be chosen to limit the chance
of spreading radioactive particles to the air.

Decontamination of workers depends on the type of radiation and the exposure mode. Mild soap
and lukewarm water are used to decontaminate intact skin. Scrubbing and using harsher cleansers
and hot or cold water could actually result in internal exposures as cold water may open pores,
vigorous scrubbing may abrade skin, and harsher cleansers and cold water may chap the skin.
Internal radiation exposures may be treated with different chemicals depending on the type of
exposure. For example, potassium iodide is used to keep the thyroid gland from absorbing as
much radioactive iodine. Prussian blue binds with radioactive cesium and thallium and then the
body excretes them. Diethylenetriamine pentaacetic acid binds to radioactive plutonium,
americium, and curium.
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Overview of Contamination Control Practices in the Hazmat Industry

Contamination control in the hazardous materials remediation comprises protecting the personnel
and the environment both during the response activities and afterwards during decontamination.
HazMat responses are mostly regulated by the Environmental Protection Agency (EPA), the
Occupational Health and Safety Administration (OSHA), the Department of Transportation
(DOT), and the Pipeline and Hazardous Materials Safety Administration (PHMSA).
Recommendations are also provided through the National Institute for Occupational Safety and
Health (NIOSH).

To control contamination of personnel during response activities, protocols are designed to limit
contact with hazardous materials and adherence to these is enforced. The site is first characterized
by reviewing available information about what substances are or suspected to be present,
identifying the risks associated with those substances, developing a site control plan and a Health
and Safety Plan for performing the work safely, and notifying workers of dangers.

Specific protocol recommendations depend on the particular hazardous substances known or
suspected to be present. These protocols include use of engineering controls, protective clothing
and equipment, etc. to limit exposure. OSHA provides guidance for Standard Operating Procedures
including examples for specific practices described in Table C-2.

Table C-2: Examples of Standard Operating Procedures to Minimize Contamination by
Hazardous Materials
(summarized from: "Decontamination." Hazardous Waste. United States Department of Labor, Occupational Safety
and Health Administration.)

Standard Operating Procedure Example

Use appropriate PPE for the situation Use disposable outer garments and disposable
equipment where appropriate

Choose work practices to minimize contact Avoid walking through areas of obvious
with hazardous materials contamination

Use remote sampling and handling techniques | Use devices such as drum grapplers and
pneumatic impact wrenches

Protect scientific instruments from Bag monitoring and sampling instruments
contamination with minimal bag openings made for sample
ports or sensors

Protect tools and equipment from contact with | Use strippable coatings that are removable
hazardous materials during decontamination

Encase contamination source Use plastic sheeting or overpacks

The response site is divided into work zones with the goal to contain contamination. The specific
zones can vary by situation but typically three zones are observed:
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e The exclusion zone (hot zone) includes the actual hazardous substances; the chance of
contamination is high.

e The contamination reduction zone (CRZ or warm zone) is the point of access to and egress
from the hot zone; decontamination occurs here (except for final wash and redressing
which occurs in the support zone).

e The support zone (cold zone) is the planning and staging area; it is free of contamination.

The contamination reduction zone contains decontamination stations whose number and layout
depends on the particular hazards and the level of personal protection required. This zone also
contains areas for emergency response (for example, if responders are injured), sampling supplies,
equipment resupply (air tanks, additional PPE), and rest areas for workers.

Decontamination begins at the Hot Line. Each site has at least two lines: one for personnel and
one for heavy equipment. The location of the lines depends on site characteristincs such as the
physical layout of the site, drainage, and proximity to combustible gases. The Contamination
Control line separates CRZ from the support zone and is located at the interface between the
support zone and the area of the CRZ which has the lowest levels of contamination.

The equipment and materials required for decontamination depends on the particular hazards and
level of PPE. Decontamination can be accomplished through physical means (rinsing, wiping, etc.)
or chemical means (inactivation via chemical reaction, sterilization, or disinfection), or through a
combination of both. Common decontamination types are listed in Table C-3.

Table C-3: Common Decontamination Methods

(based on Table 10-1, “Some Decontamination Methods,” in Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities).

Physical Decontamination Methods Water rinse (gravity or pressurized flow)
Pressurized air jets

Scrubbing or scraping

Evaporation or vaporization

Chemical Decontamination Methods Halogen stripping
Neutralization
Oxidation/Reduction reactions
Thermal degradation

Disinfection/Sterilization Methods Chemical disinfection

Steam sterilization

Dry heat or steam sterilization
Gas or vapor sterilization
Irradiation

Other methods Removal and disposal of deeply permeated
clothing, protective coatings, etc.
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Impermeable PPE is decontaminated before doffing and procedures are followed to minimize
exposure to contaminants during doffing. The worker removes the permeable clothing before
showering in the warm zone. Depending on the level of PPE required, the decontamination line
contains up to 19 stations, each of which entails completion of an action focused on a particular
aspect of the decontamination process, ranging from placing used tools or equipment in designated
containers at Station 1 to dressing in clean clothes at Station 19. Typical stations for
decontamination when Level A PPE is used are described in Table C-4. Appropriate containment
and disposal methods are identified and used for contaminated or partially decontaminated
clothing, equipment, spent cleaning solutions, washwater, etc.

Table C-4: Decontamination Stations for Level A Protection

(based on the table “Maximum Decontamination Layout - Level A Protection” in "'Decontamination.”
Hazardous Waste. United States Department of Labor, Occupational Safety and Health
Administration.

STATION(S) ACTION(S)
1 Deposit equipment, tools, etc. into designated containers
2,3 Wash and then rinse boot covers and gloves
4 Remove tape
5,6 Remove boot covers and then outer gloves
7,8 Wash and then rinse suit and safety boots

9 (skip if not re- | If re-entering hot zone: change air tank and dress with fresh boot covers and
entering hot zone) |outer gloves

10,11, 12 Remove in this order: safety boots, then fully encapsulating suit and hard
hat, then SCBA backpack

13,14 Wash and then rinse inner gloves

15, 16, 17 Remove in this order: facepiece, then inner gloves, and then inner clothing

18,19 Field wash (in the Support Zone) and then dress in clean clothing.
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Possible Organizational Resolution Text for Fire Service Contamination
Control

Background: This is a draft resolution for consideration by organizations interested in supporting
and/or promoting the concepts of contamination control by the fire service. This has been
generated as a supporting element for the AFG funded project “Campaign for Fire Service
Contamination Control”.

[ORGANIZATION NAME]
Resolution Text for Fire Service Contamination Control
[Date Adopted]; Version [1.0]

Whereas the profession of fire fighting regularly faces chemical and biological contaminants that
are dangerous to the health and wellness of fire fighters;

Whereas there is an immense spectrum of harmful contaminants in typical fires and other
emergency events faced by fire fighters;

Whereas the average fire fighter is exposed to harmful contaminants in every event requiring use
of an SCBA for an IDLH atmosphere;

Whereas fire ground contaminants are easily spread beyond the fire ground, by contamination to
PPE, equipment, hose, apparatus, and other conveyors, and ultimately become deposited
at fire stations and beyond,;

Whereas today’s fire service is seeing increased occurrences of cancer among its fire fighters,
along with impact on younger members and occurrence of rare forms of cancer; and

Whereas that dirty gear in no longer recognized as a badge of experience or honor; now, therefore,
be it

Resolved, that the [ORGANIZATION NAME]:

1. Urges all members at all levels of the organization support the concepts of contamination
control at all times, with appreciation that failure to do so jeopardizes the health and
wellness of themselves, their fellow members, and their families,

2. Urges the establishment, use and maintenance of credible and relevant best practices for
use by all members;

3. Urges the on-going revision of all applicable codes and standards to fully address the
concepts of fire service contamination control,

4. Urges special consideration be given to promoting contamination control concepts for fire
stations because of the long durations of exposures to members, and

5. Urges that more research be conducted to support all aspects of this issue where knowledge
gaps exist, with deliverables that will contribute to the literature on this topic, and will have
relevant impact on making fire fighters safer.
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