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Statement of Objectives (SOO) for Technologies Related to:
“The ability to provide appropriate and advanced personal protective
equipment”

Background
The International Forum to Advance First Responder Innovation (IFAFRI) is an organization of
international government leaders from 13 countries and the European Commission, focused on

enhancing and expanding the development of new technology for first responders worldwide.!
IFAFRI does this by:

1. Working with the global first responder community to define a list of common, high
priority capability gaps;

2. Providing a platform for international collaboration on innovative research and
development (R&D) initiatives and solutions;

3. Characterizing global first responder markets to inform and guide industry and academia
to develop and produce innovative technology solutions at affordable prices; and

4. Providing information about relevant and available first responder technologies to the
first responder community.

To arrive at a set of Common Global Capability Gaps, IFAFRI members conducted analyses of first
responder capability gaps in their respective countries. IFAFRI then assessed those gaps to
identify those that were common across multiple member nations. The gaps with the highest
commonality amongst member nations were presented to all IFAFRI members for consensus.
IFAFRI has reached consensus on ten first responder capability gaps:

! For the purpose of this document, the term “first responder” refers to those individuals who, in the early stages of
an incident, are responsible for the protection and preservation of life, property, evidence and the environment,
including fire service, law enforcement and emergency medical services.



The ability to know the location of responders and their proximity to risks and hazards
in real time

The ability to detect, monitor, and analyze passive and active threats and hazards at
incident scenes in real time

The ability to rapidly identify hazardous agents and contaminants

The ability to incorporate information from multiple and nontraditional sources into
incident command operations

The ability to maintain interoperable communications with responders in any
environmental conditions

The ability to obtain critical information remotely about the extent, perimeter, or
interior of the incident

The ability to conduct on-scene operations remotely without endangering responders
The ability to monitor the physiological signs of emergency responders

The ability to create actionable intelligence based on data and information from
multiple sources

The ability to provide appropriate and advanced personal protective equipment
(i.e., garments, gear, and breathing apparatus)

To arrive at this set of Common Global Capability Gaps, IFAFRI members conducted analyses of
first responder capability gaps in their respective countries. IFAFRI then assessed those gaps to
identify those that were common across multiple member nations. The gaps with the highest
commonality amongst member nations were presented to all IFAFRI members for consensus.

IFAFRI is publishing this Statement of Objectives (SOO) to provide a technical overview of the
global first responder need and direct researchers who may be interested in pursuing
development of a solution. IFAFRI will assist with facilitating interactions between first
responders and organizations pursuing development toward this capability gap. This particular
SO0 is focused on:

“The ability to provide appropriate and advanced personal protective
equipment”

The purpose of protective clothing and equipment is to shield responders from injury while
operating in hazardous environments and provide the highest level of protection against a range
of possible threats. Body protection against individual threats has improved over the last decade;
however, it has largely remained limited to the discipline-specific threats that are most likely to
be encountered. This stovepiped approach to PPE development and adoption poses several
issues. Responders face a myriad of known and unknown threats during incident response. At
the same time, many of these threats continue to evolve and pose additional hazards to
responders. For example, innovative building materials, batteries and plastics pose health
hazards when melted that were previously unseen. Therefore, emergency responders often find



themselves in situations where they are not outfitted with the best PPE available against the
possible range of threats.?

The duty uniform is the standard clothing ensemble worn by responders on a daily basis. In many
cases, particularly for law enforcement officers and emergency medical service (EMS) personnel,
it may be the only clothing worn while on duty. Emergency responders’ duty uniforms are
generally made of cotton, polyester, wool or a blend of fibers. They provide limited, if any,
protection from hazards common on the incident scene and some synthetic fibers can severely
burn the responder if they melt onto the skin. The development of a duty uniform that provides
limited protection against a range of hazards is a well-established need with the emergency
responder community. Responders function in unpredictable environments and may encounter
threats before they can don the most appropriate PPE.3 Advances in materials sciences, such as
the development of moisture-wicking fabrics, are not currently approved by international
standards so they are not permitted for use in many countries.

Responders don additional garments to protect themselves against specific threats. Firefighters,
for example, use an ensemble of a thermal-resistant jacket, pants and boots called “turnout” or
“bunker” gear. Many law enforcement officers regularly wear ballistic vests over their duty
uniform to protect against projectiles.* EMS personnel wear their duty uniform, but don
respiratory protection, gloves, and even ballistic protection or turn-out gear depending on their
mission. Unfortunately, mission-specific garments and equipment often hinder responders while
completing their tasks. For example, the gloves used by firefighters and EMS personnel often
make it difficult to complete fine motor tasks that can be critical to the response. Responders
would like additional, mission-specific garments to work in conjunction with the duty uniform to
provide comprehensive protection.

Respiratory protection (e.g., self-contained breathing apparatus [SCBA], air-purifying respirators,
powered air-purifying respirators [PAPR], escape masks) is used by emergency responders during
operations in oxygen-deficient or hazardous environments. Firefighters generally use respiratory
protection during fire suppression and overhaul activities, while emergency medical personnel
commonly use it to protect against infectious pathogens. Law enforcement officers do not
routinely use respiratory protection outside of tactical situations, but may carry it in their
vehicles. Although reductions in size and weight have been made in recent years, a typical SCBA
harness, battery, and cylinder weighs more than 18 kg (40 pounds). Standard cylinders are rated
for 30 minutes of use, but are often effective for less than that because of the level of exertion
by the user.

This SOO document does not include requirements for head protection (e.g., helmets) because
there are notable differences in the equipment currently used by some IFAFRI member nations.
Because of the variance in the helmets, for example, it was not possible to get consensus on
operator requirements.

2 Project Responder 4, (Washington: Department of Homeland Security,) July 2014, 89.
https://www.dhs.gov/sites/default/files/publications/Project%20Responder%204 1.pdf
3 |bid., p 90.

41bid., p 92.




General Description of Operational Capability

Responders would like protective garments that are appropriate for their calls for service. Ideally,
the duty uniform should help protect responders against the most likely threats encountered,
including fire, blood-borne pathogens, extreme weather and projectiles. Responders are not
looking for individual suits or pieces for each threat. Mission-specific garments should provide
varying levels of protection as needed, but with enhanced comfort and wearability. All garments
should accommodate differences in gender and body size. When possible, components and
garments should be integrated with other tools or equipment (e.g., sensors) to limit the weight
strain of the PPE. Some military and commercial systems use a modular concept that allows the
user to customize their level of protection to meet the specific incident or threat. Application of
the modular concept has been suggested as a potential solution for emergency responders.

Existing First Responder Capabilities
Current capabilities to provide personal protective equipment include:

e Duty uniforms, often made from cotton, polyester, or wool fibers;

e Specialized firefighting garments (e.g., turnout gear, wildfire);

e Body armor;

e Gloves (e.g., fire suppression, chemical resistant, nitrile, cold-weather);

e Boots (e.g., fire suppression, steel toe; cold weather);

e Respiratory protection (SCBA, air-purifying respirators, PAPRs, escape masks, N95 masks);
e Weather protective garments (e.g., snow, rain);

e Tactical (e.g., special weapons/response teams, search and rescue) garments (e.g., vests);
e Hazardous materials (HAZMAT) garments (e.g., HAZMAT suits level D-A)>;

e Head protection (e.g., facepiece; helmets, hats, hard hats); and

e Eye protection (e.g., goggles, safety glasses, sunglasses).

Operational Environment

The following list provides examples of operating conditions that may be encountered by first
responders on a daily basis. It is not an all-inclusive list, but is intended to illustrate the diversity
of conditions in which responders operate.

e Single and multi-level buildings;

e Structures of varied construction materials (e.g., steel, concrete, wood frame, masonry,
synthetic materials);

e Collapsed or threatened buildings;

e Confined spaces;

e Subterranean and underground facilities;

e Wooded areas with dense vegetation;

e Rugged outdoor terrain;

5 There are four commonly recognized levels of HAZMAT suits with levels of protection ranging from Level D
(including coveralls, goggles, etc.) used when there is no known hazard, to Level A, which mandates a fully-
encapsulated vapor protection suit used for confined space entry or the presence of a potential hazardous
environment (e.g., chemical, biological).



e Areas with limited or no cellular and/or radio connectivity;

e Extreme high and low temperatures and humidity;

e Wet conditions (e.g., rain, flooding);

e Thermal radiation®;

e Direct flame contact or exposure;

e Excessively noisy and smoky conditions in outdoor, indoor and/or subterranean areas;

e Vast expanse of incident scene (i.e., lack of line-of-sight between commanders and
deployed personnel);

e Underwater and maritime environments;

e Chemical, biological, and radiological hazards (e.g., corrosives, infectious diseases); and

e Human threats (e.g., active shooter, knife attacker).

Target Objectives

1. Garments that protect responders against the most likely threats encountered (e.g., fire,
blood-borne pathogens, extreme weather, projectiles);

2. Garments that increase the comfort, breathability, and durability of PPE ; and

3. Respiratory protection that is light-weight, longer-duration, and low-profile.

The following section provides responder-identified requirements for potential solutions. It is
understood that not all requirements may be currently technically feasible. Responders would
prefer incremental, continuous advancement of solutions instead of waiting for equipment that
meets all of the requirements at the same time. As such, these requirements do not represent a
minimum set of requirements that must be met before new tools, devices, platforms or systems
can be released.

Duty Uniform Requirements
A responder’s duty uniform should help protect responders against the most likely threats
encountered. Potential solutions should:

e Provide basic protection from:
o Cuts or tears;
Punctures (e.g., needle-stick);
Extreme heat;
Blood-borne pathogens;
Weather extremes;
Impact energy (e.g., blunt trauma);
o Hazardous substances (e.g., corrosives);
e Provide increased localized protection as needed (e.g., knees, forearms);
e Enhance comfort (e.g., body temperature regulation, moisture wicking);
e Enhance responder performance;
e Suppress static build-up;

O O O O O

6 Thermal radiation, one of three methods of heat transfer, causes increase in temperature from electromagnetic
waves. Thermal radiation can cause flashover within a room, causing all contents to raise to their ignition
temperature and engulf the room from floor to ceiling. Thermal radiation can also increase the temperature of
firefighter garments, damaging the gear and causing potential harm to the responder.



Not hinder responder dexterity or range of movement;

Accommodate differences in gender and body size;

Include options for multiple climates;

Include range of styles and colors;

Ensure visual appearance is still in line with discipline and public image; and
Be compatible with mission-specific gear.

Mission-Specific Garment Requirements
Mission-specific components provide advanced protection for hazardous tasks. Potential
solutions should:

Build on the protection provided by the duty uniform and provide advanced and sufficient
protection from:
o Thermal radiation (e.g., fire);
o Stabbing, slashing, and cutting motions;
o Impact energy (e.g., blunt trauma and ballistic impact);
o Hazardous materials;
o Blood-borne pathogens;
Provide protection against mission-specific threats;
Provide greater levels of protection in discipline specific areas of the body;
Offer options for covert missions;
Provide standardized interfaces between garment layers and between garment and PPE;
Provide interface units to join or cover gaps between upper torso gear and hand gear
(gloves);
Provide interface units to join or cover gaps between upper torso gear and head/face
gear (e.g., helmets, facemasks);
Provide interface units to join or cover gaps between lower leg gear (pants) and foot
gear (shoes or boots);
Augment or build onto the duty uniform (as appropriate);
Use a universal interface between layers or components;
Enhance comfort while maintaining safety (e.g., body temperature regulation, moisture
wicking);
Enhance responder performance;
Not hinder responder dexterity or range of movement;
Accommodate differences in gender and body size;
Include options for multiple climates; and
Include range of styles and colors.



Respiratory Protection Requirements

Respira

tory protection solutions should offer appropriate levels of protection for an array of

missions. Potential solutions should:

Provide protection from airborne pathogens, toxins, and ionizing radiation;

Indicate remaining operational duration in cylinder or cartridge based on responder’s
current rate of respiration;

Indicate when respiratory protection should be donned or removed based on conditions
or user-configurable parameters;’

Minimize weight, size, and profile of cylinders and cartridges;

Maximize duration of cylinders and cartridges?;

Provide low breathing resistance;

Provide an ergonomic connection that can be connected, removed, and reconnected
easily during operation;

Include ergonomic considerations;

Include a residual life indicator for consumable components;

Maximize peripheral field of view in facepiece components;

Not obscure vision due to fogging in facepiece components;

Utilize universal connections throughout respiratory system; and

Minimize snag points throughout respiratory systems.

Compatibility Requirements

Potenti
should:

al solutions should integrate other response system components. Potential solutions

Comply with international standards for responder garments and equipment®;
Integrate with:

o Hazard sensors;

o Responder geolocation systems; and

o Responder physiological monitoring systems;

Maintenance Requirements

Potenti
Potenti

al solutions should be easy to launder and decontaminate throughout the service life.
al solutions should:

Require no specialized laundering (be able to be laundered by agency);
Resist contamination and/or be easily decontaminated;
Resist the absorption of contaminants;

7 For exa

mple, potential solutions may alert the user when the atmospheric conditions, based on national

breathing air standards, indicate the need for a responder to don respiratory protection based on oxygen
percentage, carbon monoxide levels, etc. Breathing air standards vary by country.

8 For comparison, the SCBA cylinders used IFAFRI member countries currently last approximately 10-30 minutes
under heavy operational use. PAPRs last approximately four hours under standard operational use; other mask
filters last 1-4 hours.

9 Example: National Fire Protection Association [NFPA] 1971 Standard on Protective Ensembles for Structural Fire

Fighting

and Proximity Fire Fighting



Be able to be decontaminated by individual responder or response agency;
Indicate when garment has been contaminated;

Be able to be laundered repeatedly and frequently;

Maintain protective qualities through regular laundering;

Be able to be repaired in station.

Cost Requirements

Potential solutions should be designed to minimize price of system, consumables, training, and
maintenance. Potential solutions should be priced to be affordable to all response agencies and
should be designed for daily use.

Additional Considerations
As in other research and development endeavors, additional considerations should be evaluated
by organizations wishing to pursue innovation toward this gap:

Detailed test and evaluation strategy for the viability of system(s);

Transition strategy to guide the prototype(s) into commercialization;

Specifications to guide the development of viable commercial system(s);

Standards, guidelines, other legal requirements; and

Stakeholder oversight/interaction, to ensure that the developed system meets the
requirements identified by the first responder community.

10



