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Table 17.  Examples for Structural Fire Contaminants

 Contaminant  Sources  Toxicology 

Polychlorinated Biphenyl (PCBs) Power transformers/capacitors 
Televisions 
Air conditions 
Carbonless copy paper 
Hydraulic systems 
Elevators 

PCBs can produce dioxins which are toxic 
by inhalation and ingestion 

PCBs also absorb through the skin 

PCBs cause liver and pancreas 

Asbestos Roofing and shingles 
Acoustic ceiling tiles 
Sprayed ceilings 
Old pipe insulation 
Old octopus type furnaces 
Pre-1975 drywall 

Principal hazard is inhalation of fibers (<5 
microns length) causes cancer 

Asbestos fibers can be aerosolized from 
clothing and inspired or and ingested 

Creosote Power poles 
Railroad ties 
Treated wood or buildings 
Lumber yards 
Piers and docks 

Creosotes is toxic through inhalation and 
skin absorption 

Causes cancer of skin, prostate, and 
testicles 

Plastic Decomposition Products 
• Polycarbonates 
• Polystyrene 
• Polyurethane 
• PVC 

Electrical insulation 
Plumbing 
Furniture 
Construction materials 
Insulation and packaging 
Tools/toys 
Automobiles 

Variety of decomposition products 
including acrylonitrile, hydrogen cyanide, 
nitrogen oxides, hydrogen chloride, 
benzene 

Various routes of toxicity through skin 
absorptions, inhalation or ingestion 



 

 

  
 

         

 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 
 

 
 

 
 
 
 

 
 
 

 
 

 
 

 

 
 

 
 

 

 
 

 

 
    

 

Table 18. Specific Chemical Contaminants Found in Various Fires

 Compound  1(K)  1(K)  2(K)  3(O)  4(O)  5(K)  6(K)  6(O) 

Furan 
C4H8 isomers 
Benzene 
Dimethylfuran 
Methyl methacrylane 
Toluene 
Furfural 
Xylene 
Styrene 
Pinenes 
Limonene 
Indane 
Methylcyclopentane 
2,4-Dimethyl-1-pentene 
Ethyl benzene 
C3-Alkyl benzene 
C4-Alkyl benzene 
n-Butane 
FreonII 
t-Butyl anisole 
Methyl napthalene 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X X X 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 

X 

K-knockdown; O-overhaul 

From: Jankovic, J., W. Jones, J. Burkhart, and G. Noonan, "Environmental Study of Firefighters," Annals of Occupational 
Hygiene, Vol. 35(6),1991, pp. 581-602. 



 

 

 
 

 
 
 
 
 
 
 
 

 

 
 

 
 

 

 

 
 

 

Protective Clothing and Equipment Considerations. The protective ensemble worn by fire 
fighters for structural fires must account for wide range of hazards. This ensemble consists of 
garments, helmets, gloves, footwear, hoods, self-contained breathing apparatus (SCBA) and 
personal alert safety systems (PASS). The protection principles on which the ensemble is based 
include: 

•	 Flame and heat resistance for nearly all components (some items are tested as whole product 
and individual components within those products may not pass separately) 

•	 Some level of insulation provided by clothing articles, based on an emergency condition 
•	 Minimum strength requirements for materials and assemblies 
•	 Physical hazard protection, particularly to the head, hands, and feet 
•	 Protection from electrical shock in the helmets and feet 
•	 Overall moisture protection 
•	 Some protection against fireground chemicals and bloodborne pathogens 
•	 Use of visibility materials 
•	 Sustained performance of SCBA and PASS following simulated various fireground 

conditions (particulates, moisture, temperature, shock, vibration, and flame/heat contact) 

The marketplace for this protective clothing and equipment provides a large range of designs, 
materials, and options. However, little is done in the industry to provide for interfaces between 
elements of the ensemble and to assess the overall protection of the ensemble itself. While the 
offered clothing and equipment is substantially affected by available NFPA standards, a detailed 
discussion of these standards and their impact on the protective ensemble will be the subject of 
future task report. 

Key issues for the use and care of structural fire fighting protective clothing are its durability and 
service life. The life cycle of most garments is considered to be at an average of 5 years or longer 
(this is contrast to earlier statistics that show a significant number of fire departments that have 
clothing that is greater than 10 years old). The ability of clothing and other ensemble items to 
maintain their performance features with use has come into question and has not been adequately 
addressed in the standards covering their certification. Therefore, the fire service is often left to 
judge the adequacy of their clothing based on experience that is often coupled with an inability to 
perform detailed inspections to assurance continued protective performance. 

Proximity Fire Fighting 

Specialized fire fighting operations can include the activities of rescue, fire suppression, and 
property conservation at incidents involving fires producing high levels of radiant heat as well as 
conductive and convective heat. Specialized thermal protection is necessary for persons involved 
in such operations due to the scope of these operations and the close distance to the fire at which 
these operations are conducted, although direct entry into flame is not made. These operations 
usually are exterior operations but might be combined with interior operations. Proximity fire 
fighting is not structural fire fighting but might be combined with structural fire fighting 
operations. Proximity fire fighting also is not entry fire fighting. Examples of proximity fire 
fighting include fire fighting activities involving aircraft and bulk flammable fuels. 
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In the United States, proximity protective clothing has evolved from structural fire fighting 
protective clothing and provides several similarities in design and materials with three key 
exceptions: 

•	 Proximity protective clothing using an aluminized, reflective outer shell material. 
•	 A hood or shroud is used with the helmet for protecting the face area; the hood visor is a 

reflective polymer surface. 
•	 Visibility materials are not used on the exterior of the clothing.  

For the most part, specialized departments are equipped with proximity protective clothing and 
may or may not have structural fire fighting protective clothing ensembles depending on the fire 
tactics used by the department. For example, many military stations use proximity protective 
clothing for flightline fire fighting and fire suppression aboard ships. On the other hand, it is rare 
for most municipal fire departments to have proximity fire fighting ensembles except at airport 
stations or those with specific fire fighting responsibilities for large fuel facilities. 

Wildland Fire Fighting 

As defined by NFPA, wildland fire fighting involves the activities of fire suppression and 
property conservation in woodlands, forests, grasslands, brush, prairies, and other such 
vegetation, or any combination of vegetation, that is involved in a fire situation but is not within 
buildings or structures. Many fire departments also get involved in the wildland/urban interface. 
The wildland/urban interface defines line, area, or zone where structures and other human 
development meet or intermingle with undeveloped wildland or vegetative fuels [from NFPA 
295, Standard for Wildfire Control, 1998 edition]. 

Wildland fire fighters generally operate for long durations (8 - 16 hours/day) exposed to a 
general radiant heat flux between 1 kW/m2 to 8 kW/m2. During increased fire activities and 
shorter durations of exposures, wildland fire fighters may be exposed to a radiant heat flux of 8 
kW/m2 to 20 kW/m2. During extreme fire activity and fire over-run or entrapment conditions 
wildland fire fighters may be exposed to radiant heat flux conditions of 20 kW/m2 to 100 kW/m2. 

Temperatures can range from an ambient air temperature 25oC - 49oC up to 1200oC in severe fire 
over-run or entrapment conditions. During extreme fire activity involving fire overrun 
conditions, no fire fighters Personal Protective Equipment (PPE) can prevent serious to life 
threatening injuries. As such firefighters PPE should be designed to minimize the risk of injury 
during wildland fire fighting operations with short term exposure to increased radiant heat flux 
levels. 

Wildland Conditions. As a general guide, wildland fire fighting conditions are based but not 
limited to the following factors: 

•	 Fine fuel loads 
•	 Fire danger index 
•	 Slope 
•	 Drought factor 
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• Air temperature 
• Relative humidity 
• Wind speed 
• Fuel size 

With the main fuel component of the moving fire front will be fine fuels, mostly made up by 
cured grass, fallen leaves, needles and small twigs. It is primarily the top layer of fine fuel that 
contributes to the forward spread of a fire and the high flames of the fire front. It is assumed that 
the flame front (which contribute most to the radiation output of the fire front) will be a result of 
the rapid combustion of fine fuels, and therefore will have a residence time which varies from 5 
– 12 seconds (grass fires) to 1.5 – minutes for logging slash fires with general wildland fires 
being in between these times. The length of fires at urban/wildland interfaces is less predictable 
since the property content of these areas can vary substantially. 

Large downed woody material (>6 mm) will not be consumed in the passage of the fire front but 
instead will be consumed after the fire has passed (ongoing or smoldering stage). The 
combustion of this material will contribute to the background heat released and will depend upon 
the amount of the material available to burn and its moisture content.  

Fire Danger Index (FDI) and Fire Behavior. The FDI encompasses those variables that affect 
fire danger and difficulty of suppression. The index goes from 1 (fires will not burn, or burn so 
slowly that control presents little difficulty) to 100 (fires will burn so fast and hot that control is 
virtually impossible). The rate of forward spread of the fire is directly related to the FDI and the 
amount of fine fuel available to burn.  

Table 19. Example of a Forest Fire Behavior Model (FDI) 

Fuel 
Quantity 

(T/h) 

Fire 
Behavior 

Fire Danger Index 
10 20 30 40 50 60 70 80 90 100 

5 
R (km/h) 0.06 0.12 0.17 0.23 0.28 0.34 0.39 0.45 0.50 0.56 
H (m) 0.6 1.5 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
I (kW/m) 150 300 425 575 700 850 975 1125 1250 1400 

10 
R (km/h) 0.12 0.23 0.34 0.45 0.56 0.67 0.78 0.89 1.00 1.11 
H (m) 2.0 4.0 5.5 7.0 8.5 10.0 11.0 12.0 13.0 14.0 
I (kW/m) 600 1150 1700 2250 2800 3350 3900 4450 5000 5550 

15 
R (km/h) 0.18 0.35 0.51 0.68 0.85 1.02 1.18 1.35 1.52 1.68 
H (m) 3.5 7.0 9.5 12.0 14.0 14.9 16.9 19.1 21.4 23.4 
I (kW/m) 1350 2625 3825 5100 6375 7650 8850 10125 11400 12600 

20 
R (km/h) 0.24 0.48 0.72 0.96 1.20 1.44 1.68 1.82 2.16 2.39 
H (m) 5.0 9.0 13.0 15.3 18.4 21.5 24.6 26.5 30.9 33.9 
I (kW/m) 2400 4800 7200 9600 12000 14400 16800 18200 21600 23900 

25 
R (km/h) 0.30 0.60 0.90 1.20 1.50 1.80 2.10 2.40 2.70 3.00 
H (m) 7.0 12.0 15.7 19.6 23.5 27.4 31.3 35.2 39.1 43.0 
I (kW/m) 3750 7500 11250 15000 18750 22500 26250 30000 33750 37500 

R = Rate of spread of fire in km/hr; H = Flame height in m; I = Intensity of fire in kW/m 

80
 



 

 

 
  

 
  
 
 

 
 

 

 
 
 
 
 
 
 

 

 

 

  

 

 

Clothing Conditions. In order to provide the correct blend of protection against heat and flame 
and metabolic heat and heat stress, wildland fire fighters protective clothing should therefore: 

•	 Permit free evaporation of sweat and be loose fitting, light, well-ventilated and permeable to 
water vapor. 

•	 Shield firefighters from radiant heat 
•	 Completely dissipate metabolic heat 
•	 Allow free evaporation of 1 to 2 liters of perspiration per hour 
•	 Sustained thermal equilibrium and comfort despite wide variation in fire intensity, weather, 

work integrity and duration 
•	 Minimize the risk of burn injuries 
•	 Minimize episodes of heat exhaustion 

Respiratory Conditions. The components of wildland fire smoke are generally made up of: 

•	 Respirable particulates (majority at 0.1µm, decreasing in number up to 3.5µm diameters) 
•	 Carbon monoxide 
•	 Carbon dioxide 
•	 Benzene 
•	 Formaldehyde 
•	 Acrolein 

The relationship of the concentration of these components to the health and safety of wildland 
fire fighters is still being researched and there are no agreed maximum permissible exposure 
values set for wildland firefighters (with the exception of respirable particulate which is 
primarily 0.1µm up to 3.5µm) that relate to wildland fire fighting. Once these values are defined, 
respiratory protection systems may have to be re-evaluated. 

The presence of genetically modified products and the presence of pest control sprays or other 
additives etc to assist disease control or growth (off gassing during combustion) has been 
highlighted as an issue that may need to be further investigated. As the temperature reached 
cannot always be controlled, the ability of wildland fires to produce other combustion and 
offgasing products which are unknown at this stage. 

Over-Run or Entrapment Conditions. Wildland fire over-run or entrapments can occur and 
should be considered as any risk assessment. Generally good resource management and training 
practices, minimizes the risk of fire over-run or entrapments occurring, however several such 
events have occurred. As wildland firefighters wear primarily single layer garments, protection 
to minimize the risk of burn injury is generally set at a maximum of 4-6 seconds of direct flame 
contact. 

Wildland fire over-run or entrapment is an incident in which a fire fighter may be caught in a 
temporary escalation in severe to extreme fire behavior. The fire fighter is usually unable to 
retreat and becomes engulfed by flames. This entrapment can occur when fire fighters are on foot 
or in a vehicle. Table 20 provides examples for three different entrapment events. 
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Table 20. Examples of Recorded Fire Entrapment Events 

Temp 
(oC) 

Relative 
Humidity 
(%) 

Avg. Wind 
Speed (km/h) 

Fuel type Years 
since 
burnt 

Fuel 
load 
(tons/ha) 

Slope 
(o) 

FDI 

41 13 35 Heath/open 
Woodland 

15 16.5 15-25 68 
Extreme 

30 27 10 Low forest Long 14 15-20 18 High 
28 24 44 Tall forest long 15 6 22 High 

20m+ 

From these three examples in Table 20, it can be seen that very high to extreme fire danger is not 
needed for a over-run or entrapment situation to occur. As an example, the low forest fire was 
extinguished by rain minutes after the burn-over. The combination of unexpected or under-
appreciated fire behavior with long unburned fuels on slopes can quickly result in a fire fighter 
being caught unaware and in the path of a fire front. 

Wildland/Urban Interface. The wildland/urban interface can be described as an area where 
various structures (most notably private homes) and other human developments meet or are 
intermingled with forest and other vegetative fuel types. Wildland fire fighters PPE can be used 
in a defensive role in these cases but fire fighters may need to upgrade their PPE when 
firefighters become involved in offensive property firefighting.  

Summary of Important Factors. Wildland fire fighting PPE needs to provide a compromise 
between flame, elevated temperature exposures while at the same time allowing the wildland fire 
fighter the ability to work for extended durations by minimizing the buildup of metabolic heat 
and heat stress as well as ensure the PPE is durable to meet the conditions and terrain.  

Many other wildland fire factors may play a role in a wildland fire environment that may pose a 
risk that a fire fighter may face therefore wildland firefighters need to understand the limitations 
of their PPE and the protection that it will provide. 

Emergency Medical Services 

Medical aid is increasing becoming the dominant role within fire departments. While difference 
classifications are used throughout the country, the following general definitions are accepted in 
the fire service: 

•	 Advanced Life Support. Functional provision of advanced airway management, including 
intubation, advanced cardiac monitoring, manual defibrillation, establishment and 
maintenance of intravenous access, and drug therapy.  

•	 Basic Life Support. Functional provision of patient assessment, including basic airway 
management; oxygen therapy; stabilization of spinal, musculo-skeletal, soft tissue, and shock 
injuries; stabilization of bleeding; and stabilization and intervention for sudden illness, 
poisoning and heat/cold injuries, childbirth, CPR, and automatic external defibrillator (AED) 
capability. 
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•	 Emergency Medical Care. The provision of treatment to patients, including first aid, 
cardiopulmonary resuscitation (CPR), basic life support (EMT level), advanced life support 
(Paramedic level), and other medical procedures that occur prior to arrival at a hospital or 
other health care facility. [from NFPA 1581, Standard on Fire Department Infection Control 
Program, 2000 edition] In this report, reference is made to “EMS” or “emergency medical 
service,” which is the service of providing emergency medical care. 

•	 First Responder (EMS). Functional provision of initial assessment (i.e., airway, breathing, 
and circulatory systems) and basic first-aid intervention, including CPR and automatic 
external defibrillator (AED) capability.  

General Hazards. The physical environment for EMS is considerably different than fire fighting 
operations and is characterized by the following features: 

•	 EMS personnel are more likely to come in contact with the public. 
•	 The principal hazards include exposure to diseases and contaminated blood and body fluids. 
•	 A number of physical hazards may still be present at the emergency scene, but generally 

these will be moderate, except at vehicle or transportation accidents. 
•	 Visibility hazards increase as many EMS incidents occur along roadways. 
•	 The potential for thermal, chemical, and electrical hazards is significantly reduced. 

Protective Clothing and Equipment Use. The protection strategy for most EMS responders is 
based on infection control (defined in NFPA 1581). The application of universal precautions 
dictates that EMS personnel treat all body fluids as potentially contaminated. In terms of 
protective clothing, the following practices are generally followed: 

•	 Examination gloves are used for nearly all incidents, regardless of the presence of blood or 
body fluids. 

•	 Splash resistant eyewear, primarily surgical style masks and goggles, are used for incidents 
involving any potential contact with blood or body fluids. 

•	 Fluid-resistant clothing is used when large quantities of blood or body fluid are expected at 
the incident such as in the case of vehicle accidents and childbirth. 

•	 Cleaning gloves are used for operations involving disinfection of equipment following an 
incident. 

While all gloves are considered disposable, departments vary in their preference for disposable 
or reusable clothing. Levels of compliance with national standards generally are considered to be 
low. 

Given the increased incidence of tuberculosis in some cities and the recent epidemic of sudden 
acquired respiratory syndrome (SARS), respirator use among EMS first responders has 
increased. The specified use of respirators has created some confusion. Original 
recommendations were based on the older classification of facepieces with HEPA filters, 
whereas the newer classifications dictate the use of at least N95 particular filtering facepieces. 
Most current practices are based CDC guidelines but the fire service has been slow to respond 
with revised respiratory protection practices. 
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Hazardous Materials Responses 

Hazardous materials emergencies are incidents involving the release or potential release of 
hazardous materials into the environment that can cause loss of life, injury of personnel, or 
damage to property and the environment. Hazardous materials can span a wide variety of 
substances and hazards. NFPA defines hazardous materials as substances that present an unusual 
danger to persons due to properties of: 
• Toxicity, 
• Chemical reactivity, or decomposition, 
• Corrosivity, 
• Explosion or detonation, 
• Etiological hazards or similar properties. 

While many organizations consider chemical substances as primary form of hazardous materials, 
other dangerous substance including radioactive materials must also be considered. 

Protective Clothing Considerations. In hazardous chemical environments the need for personal 
protective clothing and equipment may not be obvious.  Many chemicals pose unseen hazards 
and offer no warning. For example, the very smallest dusts and droplets of chemicals that can 
reach the deepest part of the lungs, possibly doing the greatest damage.  Many local, state, or 
federal regulations require some form of protective equipment for emergency responders for 
protection against hazardous chemicals.  Additionally, it is in the responder’s best interests to use 
adequate protection in order to limit personal liability for claims due to chemical exposure and to 
support any efforts to gain workers’ compensation benefits. 

Unfortunately, fire fighters and other emergency responders are faced with a myriad of choices 
for protective clothing and equipment.  In many cases, fire fighters rely on their normal 
exposure. Structural fire fighting clothing and equipment should not be used for hazardous 
material incidents.  Even when certified to the appropriate National Fire Protection Association 
(NFPA) standards, structural fire fighting clothing provides little or no protection against 
hazardous chemicals.  Structural fire fighter clothing materials are likely easily permeated or 
penetrated by most hazardous chemicals and may actually absorb chemical liquids or vapors, 
increasing the likelihood of serious exposure. Only chemical protective clothing which provides 
appropriate designs and acceptable performance for the fire service missions should be used. 

Chemical protective clothing is available to fire fighters in several types and materials.  Different 
ways exist to classify this clothing: 

• By design, 
• By performance, and 
• By service life. 

Categorizing clothing design is mainly a means for describing what areas of the body, the 
clothing items is intended to protect.  Fire fighters in chemical emergency response typically 
require full body ensembles consisting of suits, gloves, boots, and self contained breathing 
apparatus. Classification by performance differentiates the type of protection provided by the 
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garment.  Based on the states of matter, there are 3 levels of performance classes defined – 
vapor, liquid (splash), and solid (particulate) protection.  This represents a hierarchy in protection 
since vapor protective clothing also provides liquid and solid (particulate) protection.  Most 
hazardous material response teams use vapor and liquid protective suit ensembles, although there 
is a growing need for particulate protective garments in may remedial applications.  Clothing 
item service life is in practice a decision made by the end user depending on the costs and risks 
associated with clothing decontamination and reuse.  Fire service use is split between disposable 
(limited use) and reusable protective clothing.  Generally those departments more concerned 
about clothing contamination use disposable protective suits.  Every article of clothing can be 
classified using this system.   

Ensemble Selection and Use. Chemical protective clothing must be worn whenever the 
emergency response personnel faces potential hazards arising from chemical exposure.  The 
applicable Federal regulations (OSHA 29 CFR 1910.120) specify that selection of clothing 
material and suit type (vapor protective of splash protective) is based on the hazards identified. 
The specific cited system is known as the EPA levels of protection. The four established levels 
shown in Table 21 define the specific ensemble, but do not qualify the performance of the 
ensemble elements, particularly clothing items. 

Most hazardous materials response teams select full body protection which is resistant to a broad 
range of chemicals.  In many cases, totally encapsulating or vapor protective suits are initially 
used. As more information becomes available, teams downgrade to lower levels of protection. 
Also, the level of work to be done often affects the type of protective clothing and equipment 
necessary. This includes a variety of situations: 

•	 Site Survey – the initial investigation of a hazardous materials incident.  These situations are 
usually characterized by a large degree of uncertainty and mandate the highest levels of 
protection. 

•	 Rescue – entering a hazardous materials area for the purpose of removing an exposure 
victim.  Special considerations must be given as to how the selected chemical protective 
clothing may affect the ability of the wearer to carry out rescue and how it may increase 
contamination of the victim.  The protection of the responder should not be compromised, so 
it may be necessary to modify rescue tactics. 

•	 Hazard Control – entering a hazardous materials area to prevent a potential spill or leak or to 
reduce the dangers from an existing hazard.  Protective clothing and equipment must 
accommodate the required tasks without sacrificing adequate protection. 

•	 Emergency Monitoring – outfitting personnel in chemical protective clothing for the primary 
purpose of observing a hazardous materials incident without entry into the spill site.  This 
may be applied to monitoring contract activity for spill clean up. 

•	 Decontamination – applying decontamination procedures to personnel or equipment leaving 
the site. Decontamination personnel should wear the same level of protective clothing as 
entry team members or, in some cases, one level lower. 
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Table 21. Levels of Protection Specified in OSHA 29 CFR 1910.120 

Level Equipment Protection 
Provided Should Be Used When Limiting Criteria 

A RECOMMENDED: 
• Pressure-demand, full-facepiece 

SCBA or pressure-demand SAR 
with escape SCBA. 
• Fully-encapsulating, chemical 

resistant suit. 
• Inner chemical-resistant gloves. 
• Chemical-resistant safety 

boot/shoes. 
• Two-way radio communications. 
OPTIONAL: 
• Cooling unit. 
• Coveralls. 
• Long cotton underwear. 
• Hard hat. 
• Disposable gloves and boot covers. 

The highest 
available level of 
respiratory, skin, 
and eye 
protection. 

• The chemical substance has been 
identified and requires the highest 
level of protection for skin, eyes, 
and the respiratory system based on 
either: 
− measured (or potential for) high 

concentration of atmo-spheric 
vapors, gases, or particulates; or 
− site operations and work 

functions involving a high 
potential for splash, immersion, 
or exposure to unexpected 
vapors, gases, or particulates of 
materials that are harmful to skin 
or capable of being absorbed 
through intact skin. 

• Substances with a high degree of 

Fully-encapsulating 
suit material must be 
compatible with the 
substances involved. 

hazard to the skin are known or 
suspected to be present, and skin 
contact is possible. 
• Operations must be conducted in 

confined, poorly ventilated areas 
until the absence of conditions 
requiring Level A protection is 
determined. 



 

 

 
 

 

 

 

 

 

 
 

 
 
 
 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Table 21. EPA Levels of Protection Specified in OSHA 29 CFR 1910.120 (continued) 

Level Equipment Protection 
Provided 

Should Be Used When Limiting Criteria 

B RECOMMENDED: 
• Pressure-demand, full-facepiece 

SCBA or pressure-demand SAR 
with escape SCBA. 
• Chemical resistant clothing (overalls 

and long-sleeved jacket; hooded, 
one- or two-piece chemical splash 
suit; disposable chemical-resistant 
one-piece suit). 
• Inner and outer chemical-resistant 

gloves. 
• Chemical-resistant safety 

boot/shoes. 
• Hard hat. 
• Two-way radio communications. 
OPTIONAL: 
• Coveralls. 
• Disposable boot covers. 
• Face shield. 
• Long cotton underwear. 

The same level of 
respiratory 
protection but less 
skin protection 
than Level A. 

It is the minimum 
level 
recommended for 
initial site entries 
until the hazards 
have been further 
identified. 

• The type and atmospheric 
concentration of substances have 
been identified and require a high 
level of respiratory protection, but 
less skin protection. This involves 
atmospheres: 
− with IDLH concentrations of 

specific substances that do not 
represent a severe skin hazard; or 
− that do not meet the criteria for 

use of air-purifying respirators. 
• Atmosphere contains less than 19.5 

percent oxygen. 
• Presence of incompletely identified 

vapors or gases is indicated by 
direct-reading organic vapor 
detection instrument, but vapors and 
gases are not suspected of 
containing high levels of chemicals 
harmful to skin or capable of being 
absorbed through intact skin. 

• Use only when the 
vapor or gases 
present are not 
suspected of 
containing high 
concentrations of 
chemical that are 
harmful to skin or 
capable of being 
absorbed through 
intact skin. 
• Use only when it is 

highly unlikely that 
the work being done 
will generate either 
high concentrations 
of vapors, gases, or 
particulates, or 
splashes material that 
will affect exposed 
skin. 

C RECOMMENDED: 
• Full-facepiece, air-purifying 

canister-equipped respirator. 
• Chemical resistant clothing 

(overalls and long-sleeved jacket;  

The same level of 
skin protection as 
Level B, but a 
lower level of 
respiratory 
protection. 

• The atmospheric contaminants, 
liquid splashes, or other direct 
contact will not adversely affect 
any exposed skin. 

• Atmospheric 
concentration of 
chemicals must not 
exceed IDLH levels. 



 

 

 
 

 

 

 

 

 
 

 
 
 
 
 

 

 

 

 

 
 
 

 

 
 
 

 

 

 
 

 

 

 

 

Table 21. Levels of Protection Specified in OSHA 29 CFR 1910.120 (continued) 

Level Equipment Protection 
Provided 

Should Be Used When Limiting Criteria 

C RECOMMENDED: See above • The types of air contaminants have • The atmosphere 
(cont.) • hooded, one- or two-piece chemical 

splash suit; disposable chemical-
resistant one-piece suit). 
• Inner and outer chemical-resistant 

gloves. 
• Chemical-resistant safety 

boot/shoes. 
• Hard hat. 
• Two-way radio communications. 
OPTIONAL: 
• Coveralls. 
• Disposable boot covers. 
• Face shield. 
• Escape mask 
• Long cotton underwear. 

been identified, concentrations have 
been measured, and a canister is 
available that can remove the 
contaminant. 

All criteria for the use of air-purifying 
respirators are met. 

must contain at 
least 19.5 percent 
oxygen. 

D RECOMMENDED: 
• Coveralls. 
• Safety boots/shoes. 
• Safety glasses or chemical splash 

goggles. 
• Hard hat. 
OPTIONAL: 
• Gloves. 
• Escape mask. 
• Face shield. 

No respiratory 
protection. 
Minimal skin 
protection. 

• The atmosphere contains no known 
hazard. 
• Work functions preclude splashes, 

immersion, or the potential for 
unexpected inhalation of or contact 
with hazardous levels of any 
chemicals. 

• This level should not 
be worn in the 
Exclusion Zone. 
• The atmosphere must 

contain at least 19.5 
percent oxygen. 





 

 

 
 
 
 
 
 
 
  
 

 

 
  

 

 

 
 

 

 
 

 

Types of Missions. Examples of urban search and rescue missions are: 

• Building/structural collapse 
• Vehicle/person extraction 
• Confined space entry 
• Trench/cave-in rescue 
• Search operations (air, water, torrential) 
• High angle rescue 
• Swift or still water rescue 
• Contaminated water diving 

The first five missions entail what is generally known as technical rescue. Each of these missions 
potentially entails rugged physical environments and numerous hazards to the emergency 
responder. Typically, the emergency responder requires a high level of mobility and only limited 
protection against flame, heat, chemicals, or biological contaminants. 

Structural or building collapse, often associated with earthquakes or bombings, can happen due 
to a variety of causes or during construction. The environment present during these situations 
contains assorted debris. Primary hazards to the responder are physical in nature and include 
abrasions, cuts, tears, and punctures. Nevertheless, in some incidents possible rupture of gas lines 
or exposure to chemicals can pose additional hazards. And as with all rescues, emergency 
responder exposure to victim’s blood may be possible. On a lesser scale, these represent the 
same hazards associated with extraction of victims from vehicle accidents. This includes 
accidents involving not only automobiles, but trains and aircraft as well. 

Confined space entry imposes to its own unique environments. Many confined space rescues are 
associated with chemical incidents, and, as a consequence, may involve exposure to oxygen 
deficient or flammable atmospheres. The biggest constraint in these rescues is the limited space 
which restricts wearer movement and makes rescue operations difficult. These same conditions 
occur in high angle rescue. High angle rescue refers to rescues involving ladder trucks that 
require the fire fighter to enter a building through windows or on roof-tops. Trench cave-ins 
offer similar circumstances to both high angle and confined space entry, but generally do not 
involve chemical or fire hazards. 

Search operations encompass a variety of environmental settings. Though not common in a 
urban setting, search can be associated with major disasters such as earthquakes, hurricanes, and 
floods. Many times, it can involve transport of injured persons from locations near a city, such as 
mountain peaks. Some of these operations involve emergency responders traveling by foot, on 
boats, or in air craft, particularly helicopters. 

For these missions, it is imperative that the clothing be designed for long wear times and 
resistance to physical hazards. 

Flooding imposes a unique set of circumstances on the emergency responder. The greatest 
hazards are associated with swift water rescue, including: 
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• Significant water pressure (flood forces); 
• Physical hazards through contact with debris; 
• Contamination from sewage or chemicals; and 
• Hypothermia. 

At 3 miles per hour, current exerts a pressure of about 17 pounds per square inch against the legs 
of a person standing in its path. Doubling the water speed increases the water pressure to 68 psi. 
When this water is directed through flood control channels, where there are no obstructions or 
eddies to aid victims caught in flooding water, the potential for drowning is significant. Flood 
water carries significant amounts of debris which can puncture, tear, rip, and entangle flood 
victims. Sediment at the bottom of flood waters can impede rescue efforts. Flood water is likely 
to carry chemicals and other forms of contamination, especially sewage. Lastly, cold temperature 
exposure can cause hypothermia in both victim or rescuer if not adequately protected. 

An extremely hazardous type of urban search and rescue mission is contaminated water diving. 
Fire departments and other emergency groups are increasingly called upon to perform a variety 
of functions underwater. These tasks include body recovery, evidence recovery, and recovery of 
submerged vehicles. In cold weather areas, due to the phenomenon known as the “diving reflex” 
or “cold reflex,” the potential exits for actual rescues to occur, even after the victim has been 
submerged for a prolonged period of time. This “diving reflex” phenomenon refers to a bodily 
response analogous to hibernation in which the metabolism slows to protect the heart and brain. 
Some victims have fully recovered after such situations. 

Diving in contaminated or cold water can involve severe hazards. Many bodies of water are 
polluted with chemical or biological wastes. Chemicals may sink, mix, float or evaporate when 
released into the waterways. These chemicals can be corrosive or toxic but may not produce any 
outward/visible effects. Some poisons can take years to produce symptoms. While many 
chemicals are diluted, chemicals that sink or float may be encountered at concentrated levels. 
Stagnant drainage ditches may contain accumulated levels of pesticides from runoff in 
agricultural areas. More common are biological hazards, primarily in the form of harmful 
bacteria, protozoans and virus from the dumping of raw sewage. These contaminants can cause 
disorders ranging from swimmer’s ear to diarrhea, and in the worst cases can be fatal. 

The principal hazards in contaminated water diving are exposures to chemical or biological 
agents. But other hazards exist as well, because diving can be performed in low and high 
temperature water. A number of physical hazards may be involved. If dive suits tear or puncture, 
the wearers risk chemical/biological exposure. Divers may become entangled and trapped. 
Particularly when supplied air is used, the diver’s air supply may be vulnerable to the same 
hazards as the protective clothing that he or she is wearing. Adequate buoyancy must be 
provided so that diver mobility is not affected. Zero visibility may exist. Effective 
communications and non-interruption of the air supply are essential. In no other urban search and 
rescue mission is the emergency responder so dependent on the performance of his or her 
protective clothing. 
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Incidents Involving Weapons of Mass Destruction 

International terrorism has been a global issue and threat for many years. These events, for the 
most part, have occurred in other countries. Recently, two terrorist acts in the United States—the 
World Trade Center and Oklahoma City Federal Building bombings—have heightened 
awareness of this threat within our borders. Terrorist acts may be carried out by either groups or 
individuals but the patterns of terrorism are rapidly changing. Emerging alliances of extremist 
and radical elements transcend the customary national, political, religious, and ethnic boundaries 
that formerly marked these activities. The frequency of terrorist attacks fluctuates annually, and, 
for a while, the number of incidents seemed to decrease. However, even as the number of 
incidents in a year has dwindled, there has been an unsettling trend toward ever increasing 
viciousness in the nature of the attacks and the resultant loss of human life and property damage. 
The use of a deadly chemical agent by an extremist group in Japan has illustrated the likelihood 
of future attacks involving weapons of mass destruction. That particular event with its release in 
the Tokyo subway resulted in over 5000 casualties that included emergency responders as many 
of the more seriously injured. 

Chemical Agents. Today, the most common chemical agents are those chemicals expressly 
selected and produced because of their ability to cause injury or incapacitation. Chemical warfare 
agents are generally classified into broad categories based on their intended use. 

• Lethal agents 
• Incapacitating agents 
• Harassing agents 

Another more recognizable categorization based on physiologic effects includes nerve agents, 
blister agents, blood agents, choking agents, and irritating agents. 

Nerve Agents – Nerve agents are specific organophosphorus compounds that are considered to be 
the most dangerous of the chemical warfare agents. Common nerve agents include those agents 
that are designated GA (Tabun), GB (Sarin), GD (Soman), and VX (V-agent). Nerve agents are 
liquids at ambient conditions. They are clear, colorless, and tasteless. The G-agents are reported 
to have a slightly fruity odor; the V-agents are said to be odorless. Although GA, GB, and GD 
are all volatile compounds, GB is the most volatile. All of these agents present a vapor hazard 
under temperate conditions. VX is oily with little volatility; however, a large surface area or 
widely dispersed droplets can, especially under high temperature conditions, present a vapor 
hazard. All nerve agents penetrate the skin rapidly and well. Inhalation of vapors or aerosols is 
especially dangerous. Exposure to these agents causes a disruption of nerve impulse 
transmissions by reacting with the enzyme acetylcholinesterase. Exposure to even minute 
quantities may be rapidly fatal. Symptoms of exposure may occur within minutes or hours, 
depending on the dose and mode of entry into the body. 

Blister Agents – Blister agents are heavy oily liquids. In the pure state, they are colorless and 
nearly odorless, but in the impure state they are dark-colored and have an odor strongly 
suggesting mustard, onion, or garlic. Blister agents cause severe burns to the skin, eyes, and 
tissue in the respiratory tract. In addition, if a large area of skin is involved, significant amounts 
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of agent can be absorbed into the bloodstream and cause severe systemic poisoning. These 
agents have a very high propensity for penetration and easily penetrate layers of clothing before 
being quickly absorbed through the skin. Mustard, mustard derivatives, and Lewsite are the most 
common blister agents. 

Blood Agents – Blood agents produce casualties by interfering with the blood’s ability to transfer 
oxygen to the cells, which can lead to death by asphyxiation. Signs and symptoms of blood agent 
poisoning include rapid death if exposed to high concentrations. Small concentrations cause 
respiratory distress, vomiting, diarrhea, vertigo, and headache. Large numbers of casualties 
displaying these common symptoms and reports of peach blossom or bitter almond odors 
indicate a possible blood agent release. Blood agents are liquids under pressure. Most blood 
agents are derivatives of cyanide compounds, such as cyanogens chloride and hydrogen cyanide. 

Choking Agents – Choking agents produce casualties by severely stressing respiratory system 
tissues. This distress produces copious fluids, which can result in death by asphyxiation. Signs 
and symptoms that choking agents were released include severe irritation of the respiratory tract 
and eyes, as well as coughing and choking. Reports of a strong, irritating chemical odor would 
be characteristic. Most people recognize chlorine, and phosgene has an odor like newly cut hay. 
These agents are liquid when stored under pressure. 

Irritating Agents - Irritating agents are also known as riot control agents or tear gas. They cause 
respiratory distress and copious tearing that incapacitates a victim. These agents are generally 
non-lethal, but under certain conditions they can act as an asphyxiant. Another common 
compound that produces effects similar to tear gas is pepper spray. The active ingredient in 
pepper spray is capsicum, a natural organic compound extracted from hot peppers. The 
frequency of incidents involving these agents appears to be on the increase, as many individuals 
use these devices for their personal defense. 

Toxic Industrial Chemicals – Many common hazardous materials used in industry pose the same 
threat to emergency responders as the chemicals used and classified by the military as nerve, 
blister, blood, and choking agents. Due to easier availability in large quantities, many consider 
toxic industrial chemicals to be a more likely weapon used in terrorism. Examples of toxic 
industrial chemicals include: 

• Acrolein 
• Acrylonitrile 
• Ammonia 
• Boron tribromide  
• Chloroacetonitrile  
• Dimethyl sulfate  
• Ethylene dibromide 
• Iron pentacarbonyl 
• Methyl chlorosilanes 
• Methyl hydrazine 
• Methyl isocyanate 
• Organophosphate insecticides 
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Biological Agents. Biological warfare agents are living organisms or the materials derived from 
living organization (biotoxins) that cause harm to or disease in humans. A biological agent can 
have a latency period of days to weeks between infection and onset of disease, depending on the 
microorganism. Toxins are an example of very quick-acting biological agents, with death 
resulting in minutes or hours. Biological agents that cause disease have a longer period from 
exposure to onset of symptoms. They typically have no characteristic signature because 
biological agents are usually odorless and tasteless. 

Biological agents pose a significant threat because their use is even more difficult to recognize 
than the use of chemical agents. The presence of symptoms may well be confused with a 
naturally occurring case or outbreak of disease. Many of the initial symptoms may be common to 
several other types of disease, which further complicates recognition, identification, and 
treatment. The ease with which people can travel throughout the world today presents a situation 
in which an individual can become infected in one part of the world and then carry the infection 
home before becoming symptomatic. The recent outbreak of the plague in India and the Ebola 
Virus in Zaire are examples of opportunities for a dangerous disease to spread. Fortunately, the 
diseases remained confined to the local area. Potential biological agents and their 
incubation/latency periods include: 

• Anthrax (1–5 days) 
• Tularemia (1–10 days) 
• Cholera (2–5 days) 
• Encephalitis (2–5 days) 
• Plague (1–3 days) 
• Botulism ( 2–3 days) 

Radiological Materials. The use of radioactive materials in an unconventional attack via some 
dispersion mechanism, commonly referred to as a radiological dispersal device (RDD) or “dirty 
bomb,” is widely recognized to have a greater likelihood of physical and social disruption than of 
lethal radiological consequences. However, the psychological and economic consequences of 
dispersal could be high and carry varying levels of risk to public health. The consequences depend 
not only on the radioactive material involved (its isotopic composition and physical form), but also 
the dispersal mechanism (explosive or non-explosive) and the environmental conditions under which 
it is released (e.g., urban, rural, weather). Thus, determining the absolute consequences of any 
potential dispersal in advance of its occurrence is not possible. Historically, exposure limits were 
established for the control and use of radioactive materials based on safety-basis accidents, including 
inadvertent exposure. 

The widespread presence of radioactive materials in commerce and the myriad of possible 
deployment environments and mechanisms for RDDs present many challenges to understanding 
which radionuclides pose the greatest hazard. Table 22 provides a list of those isotopes considered as 
being the most likely threats. Many of these materials pose serious hazards that include high energy 
gamma rays and other particles that require significant shielding, though the quantities involved in an 
RDD could be relatively small. The chief hazard is in the contaminated area created by the dispersal. 
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Table 22. Characteristics of Certain Isotopes of Greatest Concern 

Isotope Common Use Description (size, radiological characteristics, quantity, 
form, storage configuration, etc.) 

Am-241 Measurement 
instruments, including 
well logging instruments 
and gauges 

Sources are typically small to moderate in physical size 
and radiological emission (up to 1 inch in diameter, 6­
inches long, and tens of millicuries to tens of curies in 
strength); smoke detectors use microcurie quantities. In 
neutron sources, the Am-241 is typically mixed with 
beryllium oxide, which is a toxic substance; double-
encapsulated in stainless steel holders; and used for a 
variety of industrial assay applications. Thousands of 
these sources are in use. 

Cs-137 Medical imaging, 
food/other irradiation, 
gauges 

Found in sealed portable sources and in large irradiation 
facilities. The sealed sources are often found as cesium 
chloride, a form of particular concern for RDD use. 

Pu-238 Medical devices and 
measurement 
instruments 

In the past used as a heat source for pacemakers, an 
application that was phased out in the early 1970s. Also 
used as a thermal-electric generator heat source where it is 
contained as an oxide in stainless steel or other containers. 
As with the Am-241 and Pu-239, and unlike the gamma 
emitters, a great deal of shielding is not required in 
application. 

Sr-90 Heat source for thermal 
electric generators and 
sealed sources 

Used in large quantities in heavily shielded configurations 

Po-210 Static eliminators Typically found as metal foils. 
Co-60 Food/other irradiation 

and 
radiography 

Typically cast as metal rods, or pins, several to dozens of 
Which are combined in a holder to provide desired 
radiation intensity. Storage requires heavy shielding, 
typically in large facility. 

Ir-192 Gamma source used for 
mobile and fixed 
radiography 
applications. 

Used in many fixed and mobile irradiation applications, 
these sources are found in instruments used for weld 
inspections and other industrial applications. The mobile 
application of these sources and availability make them a 
particular concern. 

Pu-239 Alpha or neutron source, 
typically used in 
research 

Used in research facilities, these sources are generally 
small because significant quantities of Pu-239 are tightly 
regulated because of weapons potential. 

Cm-244 
or 
Cf-252 

Neutron source used in 
research and measuring 
instruments 

Sources are small, and those in instruments are shielded. 

Note: Am: americium; Cs: cesium; Pu: plutonium; Sr: strontium; Po: polonium; Co: cobalt; 
Ir: iridium; Cm: curium; Cf: californium 
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Emergency Responder Protection Strategies. The primary approach for personal protection 
for potential incidents involving weapons of mass destruction is to use conventional protective 
clothing used in hazardous material response (that has been qualified to chemical agents) or 
model protection efforts after designs and clothing worn by the U.S. military (such as charcoal 
adsorbent based clothing). One of the largest problems facing emergency responders is the 
ability to provide sufficient clothing to first responders and to deploy that clothing in a fashion 
where fire fighters will be afforded sufficient protection during initial response efforts. This type 
of approach requires some foreknowledge or rapid assessment capabilities of the initial entry 
teams to an emergency scene for being able to recognize the signs and symptoms of a WMD 
event. 

The level of preparedness of fire fighters for WMD events appears to be extremely limited given 
the results of the NFPA Needs Assessment and survey of equipment and response capabilities. 
The following additional observations can be made: 

•	 Manufacturers have been slow to offer protective ensembles qualified to industry standards. 
End user buying trends have been based more on manufacturer representations of their 
products or the belief that certain products should provide protection. 

•	 The development of specific chemical, biological, radiological, and nuclear (CBRN) criteria 
for respirators has only taken place within the last year. 

•	 Inconsistent protection practices have been identified for biological threats. There is little 
understanding by the fire service as to the manner in which exposure will occur during a 
bioterrorism event. The difficulty in detecting the initiation of a biological attack confounds 
preparation efforts. 

•	 Other than protection from particulates (alpha and beta particles) no specific equipment has 
been identified for protection against radiological materials. 

The potential for WMD exposures during terrorism attacks, especially as fire fighters are 
foremost first responders to emergencies, remains one of the most difficult challenges for 
developing a comprehensive protective ensemble. 
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CHAPTER 5 - ANALYSIS OF EMERGENCY RESPONDER RISKS 


An understanding of the different hazards and the missions undertaken by fire fighters and other 
emergency responders can be used to assess the types of risks. Using the model previously 
described, it is possible to determine for each hazard category and specific the relative likelihood 
and potential severity. When both of these factors are collectively considered, a determination of 
risk can be made. 

For the purposes of this report, a risk assessment was performed for each of the primary fire 
service mission areas, excluding proximity fire fighting. The proximity fire fighting mission was 
excluded, because its mission is considered similar to structural fire fighting with the exception 
that higher levels of radiant heat exposure are presumed (there are other mission differences as 
well). Risk was in one of three different levels: 

• Low 
• Moderate 
• High 

For some areas, relatively no risk may exist but a rating of low was still used since the hazards at 
an emergency are often very unpredictable. 

One basis for the risk assessment came from two NFPA committees (structural fire fighting and 
hazardous materials) that undertook separate hazard and risk analyses several years ago during 
the revision of their respective standards. A process similar to the one described in this report 
was followed. The audience involved in the process for both committees represented a mix of 
end users, manufacturers, research personnel, trade organizations, labor, and other interests. One 
attribute in common for these participants is their relatively higher understanding of personal 
protective equipment compared to the general user population. Since numerical ratings were 
applied in this exercise, the ranking of risks was quantitative and a system of designation of low, 
moderate, and high risks could be applied. By examining the output of both committees, a 
relative assessment of risk for the specific hazards could be provided using the same perspective 
for each of the mission areas. 

Table 23 provides the results of the risk assessment as applied to each of the mission. It is 
important to point out that in this preliminary exercise that the general effects of the hazard were 
considered. A more detailed risk assessment would examine the specific effects of the hazard on 
different parts of the body or body systems, as personal protective clothing is often accordingly 
designed. For example, impact hazards from falling objects are typically applied to the head and 
feet, but not the torso, arms, legs, and hands. Likewise some hazards, such as high heat and 
humidity affect the entire body. 

The results of the general risk assessment demonstrate that with emergency response missions, 
different hazards and the consequential risks exist. The relative risk significantly influences 
decisions about tradeoffs between protection and wearer functionality and comfort. 
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Table 23. Risk Assessment for Specific Hazards by Mission Area 

Hazard 

Mission Area 
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Physical Hazards 
Falling objects Moderate Low Low Moderate High Moderate 
Flying debris Moderate Low Low Low High Moderate 
Projectile/ballistic Low Low Low Low Low High 
Abrasive/rough surfaces Low Low Moderate Low Moderate Low 
Sharp edges Moderate Low Moderate Moderate Moderate Moderate 
Pointed objects Moderate Moderate Moderate Moderate Moderate Moderate 
Slippery surfaces High Moderate High Moderate High High 
Excessive vibration Low Low Low Low Moderate Low 
Environmental Hazards 
High heat/humidity High Moderate High Moderate Moderate Moderate 
Ambient cold Moderate Moderate Moderate Moderate Moderate Moderate 
Wetness Moderate Moderate Low Moderate Moderate Moderate 
High wind Low Moderate Low Low High Low 
Insufficient/bright light Moderate Low Low Low Moderate Moderate 
Excessive noise High Low Moderate Moderate Moderate Moderate 
Thermal Hazards 
High Convective Heat High Moderate Low Low Moderate Low 
Low radiant heat High High Low Low Moderate Moderate 
High radiant heat High Moderate Low Low Low Low 
Flame impingement High Moderate Low Low Moderate Low 
Steam High Moderate Low Low Moderate Low 
Hot liquids Moderate Moderate Low Low Moderate Low 
Molten metals Moderate Low Low Low Moderate Low 
Hot solids Moderate Moderate Low Low Moderate Low 
Hot surfaces Moderate Moderate Low Low Moderate Moderate 
Chemical Hazards 
Inhalation High Moderate High Low Moderate High 
Skin absorption/contact Moderate Low High Low Moderate High 
Chem. 
ingestion/injection 

Moderate Low Moderate Low Moderate High 

Liquefied gas contact Low Low High Low Moderate Moderate 
Chemical flashover Moderate Low High Low High High 
Chemical explosions Moderate Low High Low Moderate High 
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Table 23. Risk Assessment for Specific Hazards by Mission Area (continued) 

Hazard 

Mission Area 

St
ru

ct
ur

al
Fi

re
Fi

gh
tin

g

W
ild

la
nd

Fi
re

Fi
gh

tin
g

H
az

M
at

R
es

po
ns

e

E
M

S
O

pe
ra

tio
ns

T
ec

hn
ic

al
R

es
cu

e

W
M

D
 o

r
C

B
R

N
E

E
ve

nt
 

Biological Hazards 
Bloodborne pathogens High Low Moderate High High High 
Airborne pathogens Moderate Low Moderate High Moderate High 
Biological toxins Moderate Low Moderate Moderate Moderate High 
Biological allergens Moderate Moderate Moderate Moderate Moderate High 
Electrical Hazards 
High voltage Moderate Low Moderate Low Moderate Moderate 
Electrical arc flashover Moderate Low Low Low Low Low 
Static charge buildup Low Low High Low High High 
Radiation Hazards 
Ionizing radiation Moderate Low Moderate Low Moderate High 
Non-ionizing radiation Low Low Low Low Moderate Moderate 
Person-Position Hazards 
Daytime visibility Moderate Low Moderate High Moderate Moderate 
Nighttime visibility High High Moderate High High Moderate 
Falling High Moderate Moderate Moderate High Moderate 
Drowning Moderate Low High Low Moderate Low 
Person-Equipment Hazards 
Mat'l biocompatibility Low Low Moderate Moderate Low Moderate 
Ease of contamination Moderate Low High Moderate Moderate High 
Thermal comfort High Moderate High Moderate Moderate High 
Range of motion Moderate Moderate High Moderate Moderate Moderate 
Hand function Moderate Low High Moderate Moderate Moderate 
Ankle/back support High High High Moderate High High 
Vision clarity Moderate Moderate High Low Moderate High 
Communications ease High Low Moderate Low Moderate Moderate 
Fit (poor) Moderate Low Moderate Low Moderate Moderate 
Ease of donning/doffing Moderate Low Moderate Low Moderate Moderate 
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Another part of the risk assessment involved determining how the industry standards specify 
protection against specific hazards. In the development of standards, organizations assess the 
risks to the individual wearers and attempt to establish design and performance requirements that 
set a minimum level of protection. For fire fighters and other emergency responders, the 
dominant standards in industry are those created by the National Fire Protection Association 
(NFPA). These standards include those listed in Table 24. 

Table 24. Current NFPA Standards Applying to Fire and Emergency Services 

Protective Clothing and Equipment 


Standard Title Current Edition 
1951 Standard on Protective Ensemble for USAR Operations 2001* 
1971 Standard on Protective Ensemble for Structural Fire Fighting 2000 
1976 Standard on Protective Ensemble for Proximity Fire Fighting 2000 
1977 Standard on Protective Clothing and Equipment for Wildland 

Fire Fighting 
1998* 

1981 Standard on Open-Circuit, Self-Contained Breathing 
Apparatus (SCBA) 

2002 

1982 Standard on Personal Alert Safety Systems (PASS) 1998 
1983 Standard on Life Safety Rope and System Components 2001 
1991 Standard on Vapor-Protective Ensembles for Hazardous 

Chemical Emergencies 
2000* 

1992 Standard on Liquid Splash-Protective Ensembles for 
Hazardous Chemical Emergencies 

2000* 

1994 Standard on Protective Ensemble for Chemical/Biological 
Terrorism Incidents 

2001 

1999 Standard on Protective Clothing for Emergency Medical 
Operations 

2003 

* Current standard in revision and new edition will be approved in early 2005. 

A detailed comparison and analysis of these standards will be conducted as part of future task 
under Project HEROES. That task will involve an examination of the various test requirements 
in each standard and how these requirements relate to the needed protection in each of the 
mission areas. Nevertheless, a preliminary analysis of how each standard applies to each of the 
identified hazard areas has been performed and those results are shown in Table 25. Table 25 
gives an indication for which items of PPE that specific design or performance criteria are 
included in the respective standard. As SCBA and PASS are separate equipment used in multiple 
ensembles, the analysis is specific to primary clothing or ensemble standards. Shaded areas are 
shown for those hazard areas identified in Table 23 for which no criteria have been established. 

It is recognized that the current standards are subject to several shortcomings that arise for 
several reasons: 
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Table 25. Requirements in NFPA Standards Addressing Protection from Specific Hazards 

Hazard 
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Physical Hazards 
Falling objects Helmets, 

footwear 
Helmets, 
footwear 

Helmets Footwear Footwear Footwear Footwear 

Flying debris Eyewear Eyewear 

Projectile/ballistic 
Abrasive/rough surfaces Garments, 

gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments, 
gloves, 
footwear 

Sharp edges Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Pointed objects Gloves, 
footwear 

Gloves, 
footwear 

Gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments, 
gloves, 
footwear 

Slippery surfaces Gloves, 
footwear 

Gloves, 
footwear 

Footwear Footwear Footwear Footwear 

Excessive vibration 
Environmental Hazards 
High heat/humidity Garments Garments Garments Garments 

Ambient cold 
Wetness 
High wind 
Insufficient/bright light 
Excessive noise 
Thermal Hazards 
High Convective Heat All items All items All items 

Low radiant heat  Garments  

High radiant heat All items All items Gloves 

Flame impingement All items All items All items All items All items 
as option 

Steam 
Hot liquids 
Molten metals 
Hot solids 
Hot surfaces Garments, 

gloves, 
footwear 

Gloves, 
footwear 

Gloves 
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Table 25. Requirements in NFPA Standards Addressing Protection from Specific Hazards 
(continued) 
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Chemical Hazards 
Inhalation via SCBA   via SCBA via SCBA via SCBA 

Skin absorption/contact Garments, 
gloves, 
footwear 
Penetration 
some 
chemicals 

Garments, 
gloves, 
footwear 
Penetration 
some 
chemicals

 All items 
permeation 

All items 
penetration 

 All items 
permeation 

Chem Ingestion injection 
Liquefied gas contact   All items 

as option 
Chemical flashover   All items 

as option 
All items 
as option 

Chemical explosions 
Biological Hazards 
Bloodborne pathogens Garments, 

gloves, 
footwear 

Garments, 
gloves, 
footwear 

Garments,  
gloves, 
footwear, 
facewear 

Class 3 
items 

Airborne pathogens via SCBA via SCBA via SCBA  via SCBA 

Biological toxins 
Biological allergens 
Electrical Hazards 
High voltage Helmets, 

footwear 
Helmets, 
footwear 

Helmets, 
footwear 

Electrical arc flashover 
Static charge buildup   All items 

as option 
All item 
as option 

Radiation Hazards 
Ionizing radiation 
Non-ionizing radiation 
Person-Position Hazards 
Daytime visibility Garments, 

helmets 
Garments, 
helmets 

Nighttime visibility Garments, 
helmets 

Garments, 
helmets 

Falling 
Drowning 
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Table 25. Requirements in NFPA Standards Addressing Protection from Specific Hazards 
(continued) 

Hazards 
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Person-Equipment Hazards 
Mat'l biocompatibility 
Ease of contamination 
Thermal comfort* Garments Garments Garments Garments 

Range of motion   Ensemble Ensemble  Ensemble 

Hand function Gloves Gloves Gloves Gloves Gloves Gloves Gloves 

Ankle/back support 
Vision clarity Eyewear Eyewear  Visors Visors  Visors 

Communications ease via SCBA via SCBA via SCBA 

Fit (poor) Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Minimum 
sizing all 
items 

Ease of donning/doffing   Ensemble Ensemble  Ensemble 

103
 



 

 

 
 
 

 
 

 

 
 
 

 
 
 

 

 

•	 A clear need has not been identified for protection against the specific hazard. 

•	 The committee is still working prospective design or performance criteria to address the 
hazard. 

•	 The committee has been unable to identify effective design or performance criteria to address 
protection from the specific hazard. 

Some areas of requirement development are particularly challenging. For example, developing 
criteria that ensures proper footwear fit in promoting ankle support. In some cases, these types of 
hazards must be addressed indirectly, such as mandating an extensive series of minimum sizes. 

The existence of specific requirements within the standards does not mean that adequate 
protection against the respective hazard is provided. As previously, indicated the level of 
protection is often a tradeoff between other factors, particularly where ergonomic issues are 
involved. In some cases, protection to one form of the hazard is no guarantee that related hazards 
under different conditions are addressed. For example, the high radiant heat hazards addressed in 
structural fire fighting clothing requirements do not account for lesser level, but longer term 
exposures under different conditions. 

Lastly, many precedents have been established through the existing evolution of standards. These 
precedents may be limiting of some new technologies or fail to address other different 
technologies altogether. Clearly, a detailed comparison and analysis of the standards, current 
design features, and test methods is needed to understand the limitations and gaps of current 
standards as it applies to the risk assessment for the broader hazards faced by fire fighters. 
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CHAPTER 6 – SUMMARY 


This report has provided an overview of changes in the fire service where fire fighters and other 
emergency responders are facing a larger variety of different hazards as their responsibilities 
broaden for dealing with different kinds of emergencies: 

•	 A review of fire service demographics shows that the fire departments serving the larger 
communities protect a proportionately larger amount of the population. 

•	 The portion of fire service calls is increasing for emergency medical services and other types 
of emergencies as compared to structural fire fighting. 

•	 Much of the personal protective equipment in use today is relatively old and lacks modern 
capabilities. Only a relatively small proportion of departments are equipped and trained to 
handle extensive or diverse emergencies. 

•	 Fire fighter injuries and fatalities are declining overall but strains and sprains, and stress-
related injuries are still very common. 

•	 Fire fighters face a vast array of different hazards during the different types of emergency 
responses. The types of stressors range in severity depending on the mission. 

•	 Each type of mission presents a different series of low to high risks for the fire fighter. These 
differences in risk lead to different approaches to personal protection. These approaches to 
personal protection are generally not compatible to the requirements of different missions. 

•	 An initial general analysis of risks versus current personal protection standards shows gaps in 
providing protection against some hazards. Protection of some hazards may not be possible 
because effective criteria has not been developed or is difficult to develop. 

The next steps in moving forward for Project HEROES will require a systematic approach for 
assessing fire service needs and risks and how protection needs are met by current clothing in 
addition to how alternative technologies can be applied. The work of this first task will 
consequently be expanded through future tasks. The specific future tasks to be followed include: 

1.	 Define of the operational capabilities, applicable design and performance requirements, 
and testing approaches for existing firefighter personal protective equipment 

o	 Identify all pieces of the current firefighter protective ensemble   
o	 Identify existing standards associated with components of the current firefighter 

protective ensemble 
o	 Define design requirements for each piece of equipment  
o	 Define performance criterion for each piece of equipment 
o	 Identify testing approaches available in industry for the evaluation of firefighter 

protective ensembles and if they are currently applied in existing standards  
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o	 Define performance capabilities and user expectations for this equipment (what 
should this equipment be able to do?) 

o	 Identify vulnerabilities and limitations of existing equipment 
o	 Identify intended use for existing equipment 

2. 	Conduct a Gaps Analysis between needed operational capabilities and performance 
standards 

o	 Compare task and environmental requirements defined in the current report with 
current equipment operational capabilities and requirements defined in Task 1. 

o	 Determine areas where capabilities do not exist or where specific criteria are not 
available to address performance areas of concern 

o	 Identify incidences where approved equipment did not perform correctly or meet the 
expectations of end users 

3. 	Develop specific technology and capability goals for new future fire fighter protective 
ensembles  

o	 Based on information from Task 2, identify priority areas where additional 
technology, criteria, and test methods are needed.  

o	 Develop a system of specific criteria that can be used to assess the practicality, 
maturity and economy of personal protective technology, materials and designs 

4. 	Conduct an assessment of existing, emerging and future protective clothing and 
equipment technology, materials, and design concepts based upon criteria that assesses 
the practicality, maturity and economy of technology, materials, and designs 

This overall approach is intended to provide the basis for decided the appropriate mix of mission 
elements and requirements to ensure the broadest protection to fire fighters and other emergency 
responders over the largest range of hazardous environments. The process will include the 
involvement of end users and other stakeholders to help refine the risk assessment approach 
described in this report. The output of this process can then be compared with new or emerging 
technologies to determine the appropriateness of changes and improvements to protective 
ensembles and the way in which they are tested. Ultimately, the product technology that is 
examined and investigated as part of Project HEROES will be successively applied to the 
development of new ensembles, test methods, specifications, and use and care practices that 
afford fire fighters and first responders a modern and greater protective envelope to face 
challenges of less predictable response environment. 
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