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ABSTRACT

Fire smoke toxicity has been arecurring theme for fire safety professionals for over four
decades. There especially continue to be difficulty and controversy in assessing and addressing
the contribution of the sublethal effects of smoke in hazard and risk analyses. The Fire
Protection Research Foundation (FPRF), the National Institute of Standards and Technology
(NIST), and NFPA have begun a private/public fire research initiative, the “ International Study
of the Sublethal Effects of Fire Smoke on Survival and Health” (SEFS) to provide scientific
information on these effects for public policy makers. Thisreport on the first phase of the
project estimates the magnitude and impact of sublethal exposures to fire smoke on the U.S.
population, provides the best available lethal and incapacitating toxic potency values for the
smoke from commercia products, determines the potential for various sizes of fires to produce
smoke yields that could result in sublethal health effects, and provides state-of-the-art
information on the production of the condensed components of smoke from fires and their
evolutionary changes during transport from thefire.
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EXECUTIVE SUMMARY

l. INTRODUCTION

Fire smoke toxicity has been arecurring theme for fire safety professionals for over four
decades. Thisisbecause all combustible construction and furnishing products can produce
harmful smoke, most U.S. fire victims succumb to smoke inhalation, and the problem of how to
address smoke toxicity in standards and codes has not yet been “ solved.”

The danger from smoke is afunction of the toxic potency of the smoke and the exposure a person
experiences to the (changing) smoke concentration and thermal stress over thetimethey arein
the vicinity of the fire. Some of the effects of smoke increase with continued exposure, others
occur almost instantaneoudly.

Lethality is the most immediate effect smoke can have on occupants or on fire service personnel
responding to the fire, and the U.S. has a standard for measuring the lethal toxic potency of
smoke from burning products for use in hazard and risk analyses. Toolslike HAZARD I, a
widely used PC-based fire hazard assessment methodology, enable predicting the life safety
outcome of agiven fire. The Fire Protection Research Foundation has devel oped a method for
calculating fire lethality risk by combining scenario analysis with hazard analysis.

There have aso been anecdotal reports from fire survivors telling how smoke and heat impeded
their progress toward exits, caused lingering health problems, or impaired fellow occupants
escape so that they did not survive. The sublethal effects that smoke can have on people include:
incapacitation (inability to effect one’s own escape); reduced egress speed due to, e.g., sensory
(eye, lung) irritation, heat or radiation injury (beyond that from the flames themselves), reduced
motor capability, and visual obscuration; choice of alonger egress path due to, e.g., decreased
mental acuity and visual obscuration; and chronic health effects on fire fighters.

There continue to be difficulty and controversy in assessing and addressing the contribution of
these sublethal effects of smoke in hazard and risk analyses. Asaresult, product manufacturers
and specifiers, building and vehicle designers, regulatory officials, and consumers are faced with
persistence of thisissue with little momentum toward resolution, inconsistent representation in
the marketplace, and continuing liability concerns.

Thereislittle doubt that the sublethal effects of fire smoke continue to affect life safety and that
the professional community does not yet have the knowledge to develop sound tools to include
these effectsin hazard and risk analysis. Thisinability has severe consequences for all parties.
Underestimating smoke effects could result in not providing the intended degree of safety.
Erring on the conservative side could inappropriately bias the distribution and regulation of
construction and furnishing materials, constrain and distort building design options, and drive up
construction costs. Meanwhile, competition in the marketplace is aready being affected by
poorly substantiated or misleading claims regarding smoke toxicity.

II. THE SEFS PROJECT

In May 2000, the Fire Protection Research Foundation (FPRF), the National Institute of
Standards and Technology (NIST), and NFPA began amajor private/public fire research
initiative to provide scientific guidance for public policy makers. Entitled the “ International



Study of the Sublethal Effects of Fire Smoke on Survival and Heath” (SEFS), the project
objectives are to:

1. identify fire scenarios where sublethal exposuresto smoke lead to significant harm;

2. compile the best available toxicological data on heat and smoke, and their effects on
escape and survival of people of differing age and physical condition, identifying where
existing data are insufficient for use in fire hazard analysis;

3. develop avalidated method to generate product smoke data for fire hazard and risk
anaysis, and

4. generate practical guidance for using these data correctly in fire safety decisions.

The project is composed of a number of research tasks under the headings of: Toxicological
Data, Smoke Transport Data, Behavioral Data, Fire Data, Risk Calculations, Product
Characterization, Societal Analysis, and Dissemination. The initial focus would be on
incapacitation (inability to effect one’s own escape), since it isthe most serious sublethal effect
and since there is more quantitative information on this effect than the other sublethal effects.
The first phase of the research included 5 tasks:

= provide decision-makers with the best available lethal and incapacitating toxic potency
values for the smoke from commercial products for use in quantifying the effects of
smoke on peopl€’ s survival in fires.

= provide state-of-the-art information on the production of the condensed phase
components of smoke from fires and their evolutionary changes that could affect their
transport and their toxicological effect on people.

= assessthe potential for using available data sets (a) to bound the magnitude of the U.S.
popul ation who are harmed by sublethal exposures to fire smoke and (b) to estimate the
link between exposure dose and resulting health effects.

= provide a candidate scenario and intervention strategy structure for future cal cul ations of
the survivability and health risk from sublethal exposures to smoke from building fires.

= determine the potentia for various types of firesto produce smoke yields from ¥
(incapacitating) to 1/100 (very low harm potential) of those that result in lethal exposures
in selected scenarios.

Ill. PHASE ONE ACCOMPLISHMENTS
A. PREVALENCE OF SUBLETHAL EFFECTS IN FIRES

Both current prescriptive fire and building codes and the emerging performance-based fire an
building codes operate on a set of fire scenarios. These are detailed descriptions of the facility
in which the fire occurs, the combustible products potentially involved in the fire, a specific fire
incident, and the people occupying the facility.

" The word “facility” is used throughout this document for economy of expression; it comprises all types of
buildings as well as transportation vehicles, whether at ground level or above.



There are alarge number of possible fire scenarios, with sublethal (and lethal) effects of fire
smoke important in some fraction of these. It istempting to identify that subset by focussing on
those scenarios for which the largest fractions of fire deaths and injuries have occurred. This
approach would not, however, capture those scenarios in which people receive sublethal
exposures to smoke that result in adverse health effects or from which their survival was made
more difficult.

The entire 280 million citizens of the United States spend much of their timein residential,
commercial or transportation occupancies, and annually only 110,000 (residents and fire
fighters) suffer aserious or fatal injury in afire. Thus, it isincumbent to have estimates for the
following two pivotal questions:

1. How many people might receive sublethal fire smoke exposures of any consequence?

Knowing the magnitude of the population exposed to fire smoke would be afirst step in a
risk assessment where the heightened sensitivity of vulnerable subpopulations would be
balanced by explicit use of the probabilities that those people will be the ones exposed in any
particular fire. If thistotal number of exposed people were far greater than the number of
reported victims, then conservative (low) fire safety thresholds that imply that any exposure
to toxic fire smoke always results in unacceptable injury are not suitable for prediction.

Based on analyses of demographic and fire incidence data, we estimated that between
310,000 and 670,000 people (excluding firefighters) in the U.S. are exposed to fire smoke
each year. This comparesto an average of 3,318 home civilian fire deaths and 11,505
civilian fire injuries per year involving smoke inhalation in part or in whole. There are thus
21 to 45 civilians exposed to toxic fire smoke per year for every one with areported fire
injury involving smoke inhalation. It is unlikely that these high ratios are due to unreported
injuries from reported fires, since the last national survey of unreported fires indicates these
injuries are mostly burns from small cooking fires. It seems more likely that most of the
exposures are brief or are to the dilute smoke that is present outside the room of fire origin,
where most survivors are located, and do not result in any noticeable consequences, let alone
injury or death.

2. How many of the recorded fatalities might have been the direct result of a sublethal exposure
to fire smoke? It has frequently been stated that fire fatalities often result from incapacitating
injuries that occur earlier and from less severe fire exposures than do fatal injuries and that
incapacitation is nearly always followed by death. Establishing the degree of validity of this
position defines the proper data to be used to characterize the most harmful smoke exposures.

Our analysisindicates that roughly half of the deaths and roughly two-thirds of the injuries
could be prevented were the times to incapacitating exposures lengthened sufficiently to
result in amore favorable outcome. Many of these savable victims were asleep when fatally
injured and could have gained the necessary additional time to escape had they been
awakened, e.g., by an operational smoke alarm, but would not likely have gained any
additional usable time through changes to the fire timeline alone.



B. CHARACTERISTICS OF FIRE SCENARIOS IN WHICH SUBLETHAL EFFECTS
ARE IMPORTANT

A second effort led to further guidance in identifying alesser number of fire scenariosin which
consequential sublethal exposures to fire smoke might occur. A number of simulations were
performed using the CFAST zone fire model. These predicted the relative times at which smoke
inhalation and heat exposure would result in incapacitation. Firesin three building types were
modeled: aranch house, a hotel, and an office building. Gas species yields and rates of heat
release for these design fires were derived from real-scale fire test data. The incapacitation
equations were taken from draft 14 of 1SO document 13571. Sublethal effects of smoke were
deemed important when incapacitation from smoke inhalation occurred before harm from
thermal effects occurred. The rarereal-scale HCI yield data were incorporated as appropriate;
the modeling indicated that the yield would need to be 5 to 10 times higher if incapacitation from
HCI were to precede incapacitation from narcotic gases.

Post-flashover fires were known to result in both lethal and sublethal smoke exposures and thus
were not examined further. In the current series of simulations, the fires ranged from a small
smoldering fire to those having a peak heat release rate of 90 % of the value necessary for room
flashover. The doorsto the fire room ranged from open to nearly shut.

The results suggest that occupancies in which sublethal effects from open fires could affect
escape and survival include multi-room residences, medical facilities, schools, and correctional
facilities. In addition, fires originating in concealed spaces in any occupancy pose such athreat.

Sublethal effects of smoke are not likely to be of prime concern for open firesin single- or two-
compartment occupancies (e.g., small apartments and transportation vehicles) themselves,
although sublethal effects may be important in adjacent spaces; buildings with high ceilings and
large rooms (e.g., warehouses, mercantile); and occupanciesin which fires will be detected
promptly and from which escape or rescue will occur within afew minutes.

C. TOXIC POTENCY VALUES FOR MATERIALS AND PRODUCTS

To calculate the toxicity component of afire hazard or risk analysis, the practitioner needs to
know the amount of smoke that will produce particular undesired effects on people. Scientists
have devel oped numerous test methods and extensive data for avariety of single materials and
commercia products. Each method involves combusting a small sample in an apparatus that
attempts to simulate some type of fire; exposing laboratory animals, generally rodents, to the
smoke; and characterizing the result. The typical measurement isan LCspor 1Csp, the
concentration of smoke (e.g., in ¢/m®) needed to produce death or incapacitation in half of the
animalsin agiven exposure time. We examined that wealth of data and sorted them by the
combustion conditions (related to atype of fire) producing the smoke, the specimens tested, and
the animal effect measured. Analysis of published data on the effects of gases, singly or in
combination, on test animals or peopleis to be performed in a future project.

The results from the various test methods were categorized by:

Vi



Combustion/pyrolysis condition.

= All the data were classified as resulting from well-ventilated flaming combustion (typical
of pre-flashover fires), ventilation-limited combustion (typical of post-flashover fires or
firesin nominally airtight spaces), or oxidative pyrolysis (typical of products being
heated without bursting into flames themselves).

= All the combustorsin the 12 small-scale apparatus for which animal exposure datawere
available were of just three types: cup furnace (well-ventilated flaming or oxidative
pyrolysis), radiant heater (well-ventilated flaming or ventilation-limited flaming), or tube
furnace (mixed mode or not defined).

=  We assessed the combustion conditions represented in the devices using [ CO,]/[CO]
ratios, analysis of the air access to the sample, and autoignition temperatures of the
samples. None of these approaches led to successful identification of a specific
combustion condition for most of the tube furnaces, and thus most of those data were not
used in thisanalysis.

= Only one of the devices had been validated against room-scale test data. None of the
devices accurately replicated true smoldering combustion.

Materials and Products Examined. Very few references provided a detailed composition of the
test specimens. We grouped the fuels in the usable reports into generic classes as follows:
acrylonitrile butadiene styrenes, bismaleimide, carpet foam (with nylon), carpet jute backing
(with nylon), chlorofluoropolymers, epoxy, vinyl fabric, fluoropolymers, modacrylics, phenolic
resins, polyesters, polyester fabric/polyurethane foams, polyethylenes, polyphenylene oxide,
polyphenylsulfone, polystyrenes, flexible polyurethanes, rigid polyurethanes, plasticized
polyvinyl chloride, polyvinyl chloride resin, urea formaldehyde, NFR cross-linked EVA wire
insulation, PTFE coaxia wire insulation, THHN wire insulation with nylon-PV C jacket, wood.

Test Animals. After setting aside much of the tube furnace data as not clearly replicating any of
the relevant combustion conditionsiin fires, all the test subjects were rats.

Toxicological Endpoint. The toxicological effects encountered were lethality, represented by an
LCso value, or incapacitation, expressed as an 1Csp value. There were no data found on other
sublethal effects from the smoke from burning materials or products.

The data showed a wide range of smoke toxic potency vaues for the materials and products
tested. For agiven combustible, any possible difference in lethal or incapacitating toxic potency
between the smoke from the different combustion modes was masked by the uncertaintiesin the
reported test results.

There are instances where the mix of combustibles is unknown and a generic value of smoke
toxic potency isdesired for ahazard analysis. Statistical analysis of the LCsp values for all
materials generated a value of 30 g/m> + 20 g/m* (one standard deviation) for 30 minute
exposures of rats for pre-flashover smoke. For post-flashover fires, avalue of 15 g/m® + 5 g/m®
issuggested. The mean value of the ratios of 1Csp valuesto LCspvaluesis 0.50 + 0.21, consistent
with aprior review.
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For pre-flashover fires, a generic 30 minute | Cso value (for rats) would be 15 g/m® + 10 g/m?; for
post-flashover fires, the corresponding number would be 7 g/m® + 2 g/m®. It isimportant to note
that there are some materials with appreciably lower potency values, indicating higher smoke
toxicity. If materials like these are expected to comprise alarge fraction of the fuel load, alower
generic value can be used.

Our objectiveisto estimate conditions of safety for people, including those who are more
sensitive to fire smoke than the average (or predominant) population. The information on which
to base such an extrapolation is far from definitive. Nonetheless, making a number of
assumptions, we estimate that the values for the concentration of smoke that would incapacitate
smoke-sensitive peoplein 5 min would be 6 g/m* for awell-ventilated fire and 3 g/m® for a post-
flashover fire. [Thisincrease in toxic potency after flashover results from the sharp increase in
carbon monoxide yield during underventilated burning.] Both numbers have an estimated
uncertainty of afactor of two. The user of these values needs to be mindful that thereisawide
range of smoke toxic potency values reported for various materials and that some of these have
significantly higher or lower values than these generic figures.

D. GENERATION AND TRANSPORT OF SMOKE COMPONENTS

Smoke is amixture of gases and aerosols. The latter include both micro-droplets and
carbonaceous agglomerated structures (soot) consisting of hundreds or thousands of nearly
spherical primary particles. A range of adverse health effects is associated with inhalation of
smoke aerosols, depending on the amount and location of their deposition within the respiratory
tract. The depth of penetration into the lungs and the likelihood of being exhaled depend on the
particle size; the degree of damage depends on the quantity of particles deposited, which is
related in turn to the concentration of smoke aerosol in theinhaed air.

1. Initial Character. Most soot particles are sufficiently small to pose arespiratory hazard.
Particle sizes are generaly smaller for flaming combustion than non-flaming, with mass median
aerodynamic diameters ca. 0.5 um for the former and from 0.8 um to 2.0 um for the latter.

Smoke yield, the mass of smoke generated for a given mass of fuel burned, varies from near zero
to 30 % of the fuel mass. Flaming combustion of wood is at the low end of this scale and
aromatic fuels are at the high end. The smoke yields under non-flaming conditions considerably
exceed those for flaming combustion. Smoke yield increases moderately with increasing fuel
size. Underventilated fires usually yield more soot due to reduced oxidation.

2. Smoke Evolution.

Surface Deposition. Should there be significant loss of smoke components at surfaces, the
tenability of the fire environment would decrease less rapidly. Generally thermophoretic
deposition from hot smoke near a cooler surface is the most important |0ss mechanism, except for
sedimentation of the largest particle sizes. We estimate that about 10 % to 30 % of the
particulates would be deposited over a period of 10 min to 30 min for afirein abuilding.

The only quantitative datafor gasloss at surfacesisfor HCl, although it islikely that the other

hal ogen acids would behave similarly. Datafrom multi-room experiments showed 15 % of the
HCI deposited on walls for a 200 kW fire, 25 % for a 50 kW fire, and 60 % to 85 % for a 10 kW
fire. Lossesfor lesspolar or less water-soluble toxicants are expected to be no larger than these.
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Coagulation. The particle size distribution could also change as a result of particles colliding
and sticking. We estimate that there will be at most modest changes in the mass median
aerodynamic diameter as aresult of coagulation for an enclosure fire. However, the number of
very small particlesin the range 10 nm to 40 nm may decrease significantly. Thereis evidence that
ultrafine particles (diameters about 20 nm) can cause inflammation in the respiratory system, a
response not seen with larger particles.

Adsorption and Desorption of Toxic Gases. It isimportant to know which toxic gases are likely
to be carried on the aerosols and how much is transported to and deposited in the lungs.
Qualitatively, it is known that:

=  Gases may adhere by chemisorption (formation of atrue chemical bond) and
physisorption (controlled by weaker electrostatic forces). Only physisorbed molecules
are desorbed in the lungs after transport there by smoke particles.

= The nature of the gas molecules aso plays arole. Aromatic molecules, such as benzene
and toluene, are favored for adsorption because of their structural similarity to the graphitic
soot. Polar molecules (e.g., H2O, HF, HCI, HBr, CO, NH3, NO, and HCHO) and
paramagnetic molecules (e.g., Oz, NO,, and NO) can be adsorbed at local acidic sites.

= The adsorption of water molecul es onto the surface enhances the adsorption of polar
gases. Since the fire produces significant water vapor, the surfaces of the particles are
likely wet to some significant degree.

There islittle quantitative information regarding the transport on particles of sufficient mass of
noxious molecules to cause toxicological effects; most of thisisfor HCl. From literature data,
we estimate that over an exposure time of 1 hour, about 2 mg of HCI would be deposited in the
lower lungs by soot. Small water droplets are estimated to be 65 times as effective as soot in
transporting HCI into the lungs. This should also hold for the transport of any other combustion
products with high polarity and high solubility in water. Similar work on HCN transport
indicated that negligible HCN was carried on the water droplets, and thus water aerosol transport
of HCN into the lungsis not a strong concern.

IV. RESEARCH NEEDS

These findings suggest that key uncertainties in performing toxic fire hazard and risk
calculations are:

= the source term for the combustibles, including rate of heat release, mass burning rate,
and yields of toxic species (especialy irritant gases and aerosols) and

= the relationships between physiological effects of smoke exposure and escape behavior.

Additional areas needing further research to improve the quality of fire hazard and risk
assessments are:

= enhanced information on the subsequent health of people exposed to fires,

= time-dependent yield datafor typical fire-generated gases, especidly irritant gases, from
room-scalefires;



toxic potency data for rats for smoke from awide range of materials and products
obtained using a validated bench-scale apparatus,

guantitative information on the losses of toxicants for arange of redistic fires;

identification of whether nanometer smoke aerosol can be generated in realitic fire
scenarios; and

determination of whether a cloud of water droplets forms during afire and, if so, the
conditions under which it may form and the size distribution of the droplets.



[. INTRODUCTION: THE HAZARD OF FIRE SMOKE

Fire smoke toxicity has been arecurring theme for fire safety professionals for over four
decades. Thisis because:

= all combustible construction and furnishing products can produce harmful smokein a
fire;

= about 70 % to 75 % of the U.S. fire victims succumb to smoke inhalation, a fraction
which has been generally increasing for at |least two decades; -and

= the problem of how to address smoke toxicity in standards and codes has not yet been
“solved.”

The danger from smoke is afunction of:

= thetoxic potency of the smoke (often expressed as an ECs, the concentration needed to
cause an effect on half (50 %) of the exposed population) and

= theintegrated exposure aperson experiences to the (changing) smoke concentration
and/or thermal stress over some time interval: [C(t) dt. Some of the effects of smoke
increase with continued exposure, others occur almost instantaneously.

The concentration and distribution of smoke in a burning home, public building or vehicle
depends on such factors as the chemical composition and burning rates of the products (interior
finish, furnishings, etc), the rate and direction of ventilation, and actuation of a suppression
system. Thetime of exposure is afunction of, e.g., the time of detection and alarm, the design of
the building, the motor capability of the people, and the presence of rescuers. The severity of the
outcome depends on all these plus the sensitivity of the occupants to the chemical components of
the smoke.

A. SMOKE LETHALITY

Of the effects that smoke can have on occupants or on fire service personnel responding to the
fire, the most severeistheloss of life. This has driven the devel gpment, validation and adoption
of astandard |aboratory-scale device (NFPA 2695 ASTM E1678") for measuring the lethal toxic
potency of smoke form burning products for use in hazard and risk analyses.

The capability of fire safety professionals to estimate potentially lethal smoke exposures has
developed extensively over the past decade. Toolslike HAZARD | enable combining all the
abovefagﬁors and predicting the outcome of a given fire. The EXITT routinein HAZARD |,
EXIT 89~ and EXODUS?, for example, offer the ability to simulate people movement through a
burning facility. The Fire Protection Research Foundation has develop method for
calculating fire risk by combining scenario analysis with hazard analysis.

Numerous hazard cal culations have been performed in which the survival of occupantsisthe
predicted outcome. In many of these cases, the predictions are sufficiently in line with the actua
occurrence and are sufficiently consistent with established fire physics that the community can



have some degree of confidence in this predictive capability (a) when the analyses are performed
by knowledgeable people and (b) when there are proper input data for the calculations.

B. SUBLETHAL EFFECTS OF SMOKE

There also have been frequent reports from fire survivors telling how smoke and heat impeded
their progress toward exits, caused them lingering health problems, or impaired fellow
occupants escape so that they did not survive. These are the consequences of a wide range of
sublethal effects that smoke can have on people, short of causing death during their exposure:

incapacitation (inability to effect one’s own escape)

reduced egress speed or choice of alonger egress path dueto, e.q.:

- sensory (eye, lung) irritation

- heat or radiation injury (beyond that from the flames themselves)
- reduced motor capability

- visual obscuration

- decreased mental acuity

long-term physiological effects

chronic health effects on fire fighters.

Each can limit the ability to escape, to survive, and to continue in good health after the fire.

There continue to be difficulty and controversy in assessing and addressing the contribution of
these sublethal effects of smoke in hazard and risk analyses. These result from:

the unknown number of affected people, the fire conditions under which they are
affected, and the severity of their afflictions;

the confounding of assigning causation of any lingering effects because of, e.g.,
inhalation of dust and other irritants encountered in normal activities;

the tendency to ascribe toxicity to each product potentially involved in afire, even though
other factorsin the fire often affect toxic smoke yield more than inherent product
characteristics do, and even though there are many factors, unrelated to products, that
affect the conversion of toxic smoke yield at the site of the burning product into toxic
smoke exposure at the site of a potential victim;

inadequate measurement methods for and inadequate or inaccessible data on the sublethal
effects of smoke and inconsistent interpretation of the existing data;

lack of consensus on a method for measuring smoke and smoke component yields and
lack of accepted, quantitative relationships between exposures based on these yields and
the deleterious effects on escape and survival;

companies misusing toxicity datain the competition anong products; and



= differing objectives for fire safety and the cost, both public and commercial, of providing
agiven degree of fire safety.

As aresult, product manufacturers and specifiers, building and vehicle designers, regulatory
officias, and consumers are faced with persistence of this issue with little momentum toward
resolution, inconsistent or inaccurate representation in the marketplace, and continuing liability
concerns.

C. ISO DOCUMENT 13571

Indicative of thisoverall uncertainty regarding sublethal effects of fire smoke has been the
response to draft document 13571 that emerged from SO TC92 SC3 (Fire Threat to People and
the Environment). This one-time draft international standard formalized consideration of the
first of these sublethal consequences of smoke: incapacitation, defined as the inability to effect
one’'s own escape. Although thereisrelatively little information quantifying the effects of
smoke on an occupant’ s ability to escape, this document incorporated estimates of human
tolerance thresholds of the toxicants, along with estimates of the impact on the more susceptible
segments of the population. These conservative figures led to implied limitations on fire size
that would be impossible to achieve in practice. When this became broadly recognized, the
document was voted down and drafted as a candidate | SO Technical Specification. The ensuing
drafts of 1SO 13571 have moderated the constraints on smoke toxic potency, while retaining the
basic concept of toxic effects resulting from accumulated fractional effective dose (FED) or
concentration (FEC).

D. NEED FOR RESOLUTION

Thereislittle doubt that some sublethal effects of fire smoke continue to affect life safety and
that the professional community does not yet have the knowledge to develop technically sound
tools to include these effects in hazard and risk analysis. Thisinability has severe consequences
for all parties. Underestimating smoke effects could result in not providing the intended degree
of safety. Erring on the conservative side could inappropriately bias the marketing of
construction and furnishing materials, constrain and distort building design options, and drive up
construction costs. Meanwhile, competition in the marketplace is already being affected by
poorly substantiated or misleading claims regarding smoke toxicity.



.  THE SEFS PROJECT

In May 2000, the Fire Protection Research Foundation and the National Institute of Standards
and Technology began a major private/public fire research initiative to provide this scientific
information for public policy makers. The objectives are to:

1. Identify fire scenarios where subletha exposuresto smoke lead to significant harm;

2. Compile the best available toxicological data on heat and smoke, and their effects on
escape and survival of people of differing age and physical condition, identifying where
existing data are insufficient for use in fire hazard analysis;

3. Develop avalidated method to generate product smoke data for fire hazard and risk
anaysis, and

4. Generate practical guidance for using these data correctly in fire safety decisions.

To meet these objectives, the project team and the Technical Advisory Committee constructed a
set of tasks (Table 1).

Table 1. Research Tasks for the International Study of the Sublethal Effects of
Fire Smoke on Survivability and Health (SEFS)

1.0. Toxicological Data

1.1. Report on evaluation of literature values of LCsp, 1Csp and ECsp for products and
materials, adapted for human exposures, and with generic values for usein hazard analysis.

1.2. Review the existing data on the relationships between lethality and exposure to heat,
thermal radiation, narcotic gases, irritant gases, aerosols, and their combinations for animal
species and humans; identify the best such relationships (including from non-fire literature) and
determine uncertainty bars

1.3. Review the existing data on the relationships between sublethal physiological effects and
exposure to heat, thermal radiation, narcotic gases, irritant gases, aerosols, and their
combinations for animal species and humans; identify the best such relationships (including
from non-fire literature) and determine uncertainty bars

1.3a. Review the literature on the relative penetration into the lungs of gases and aerosols of
differing dimension

1.3b. Review the data on distribution of people’ s susceptibility as a function of age, physical
condition, etc.

1.4. Examine the methods for quantitative extrapolation of the animal data to people, and
estimate the associated uncertainty levels

1.5. Lay out means to obtain more/better data without using human subjects.




1.6. Fully documented report on the best data relating combustion products and physiological
effects (temporary and lingering) on people.

2.0. Smoke Transport Data

2.1. Review the literature on the dimension of aerosols produced in fires.

2.2. Review the literature on the wall losses, agglomeration, and chemical reaction of gases and
aerosols as the smoke moves (from the fire)

2.3. Review the literature on and models of the solubility in and evaporation from aqueous
aerosols of toxic gases in the humid fire effluent

2.4. Report on the generation and evolution of aerosols of potential toxicological concern.

3.0. Behavioral Data

3.1. Select contractor(s)

3.2. Review the relationships between physiological effects and impairment of human escape,
especially from irritant gases and including smoke obscuration and subsets of the population
who are more susceptible or less able to react to fire-generated smoke

3.3. Appraise methods for extrapolating such effects in animals to people and estimate the
uncertainty levels

3.4. Lay out meansto obtain more/better data without using human subjects

3.5. Report on magnitude of sublethal exposures that compromise survival

3.6. Decision: Do sublethal exposures to smoke result in impeded escape?

4.0. FireData

4.1. Review datafrom reports on fires, on chemical exposures, from hospitals, etc. to
characterize our ability to determine quantitatively (with uncertainty assessment) the importance
of sublethal exposures on escape, survival, and health

4.2. Estimate the magnitude of the importance (relative to lethality) of sublethal exposures,
with uncertainty bars

4.3. Identify ways to improve future gathering of case and epidemiological data

4.4. Report estimating the hazard of sublethal exposures to smoke relative to lethal exposures
by fire scenario




5.0. Risk Calculations

5.1. Compilea“full” list of fire scenarios; based on past fire risk analyses, identify those fire
scenarios for which significant incidence data exist

5.2. Compilation of primary intervention strategies that would mitigate the outcome of fire and
accompanying casualties

5.3. Decision on scenarios for which to perform calcul ations and case studies

5.4. Perform calculations to estimate the decreased chance of escape and survival in these fire
scenarios when people are exposed to sublethal levels of smoke

5.5. Verify calculations, to the extent possible, using the data from Task 4 or from specific fires
where the exposure information can be inferred

5.6. Report on calculated increased risk from sublethal smoke exposures for predominant fire
scenarios

6.0. Product Characterization

6.1. Characterize the fire types (e.g., smoldering, ventilated flaming) and sizes (e.g., single
object, spread to successive objects) that can produce exposures within /100 of lethal
exposures, compare with smoke yields from wanted (e.g., cooking) fires

6.2. Develop accurate reduced-scal e measurement methodol ogy for obtaining smoke
(component) yield data for commercial products; generate data for generic products

6.3. Develop methodology for including sublethal exposuresin fire safety analysis

7.0. Societal Analysis

7.1. Develop a method and case studies for projecting the enhancements of public safety and
the costs/benefits to society that would accrue from the inclusion of exposure to sublethal levels
of smoke in design specifications

8.0. Dissemination

8.1. Compile reference document(s) for the subject

8.2. Archive the research findings

8.3. Prepare practical guidance sheets for decision makers, based on the existing literature and
the Project outcome, and delineating the rel ative importance of lethal and varying levels of
debilitating smoke exposures; identify means of dissemination (web, flyers, etc.)




The timeliness of the project was a significant issue. The project team estimated that completing
all the tasks could take as little as 30 months. This afforded the opportunity to provide a sound
technical basis for emerging domestic and international standards.

However, the full resources were not yet available. Thus the sponsors and project team agreed
that the first Phase would focus on incapacitation (inability to effect one’s own escape), since it
was the most serious sublethal effect and since there was more quantitative information on this
effect than the other sublethal effects. Thiswould ensure having useful output early in the
project.

The first phase of the research began in May 2000 with 5 tasks or subtasks:

= Task la(1.1in Tablel): Toxicological Datafor Productsand Materials: provide
decision-makers with the best available lethal and incapacitating toxic potency values for
the smoke from materials and commercial products for use in quantifying the effects of
smoke on people s survival in fires.

= Task 2: Smoke Transport Data: provide state-of-the-art information on the production
of the condensed components of smoke from fires and their evolutionary changes that
could affect their transport and their toxicological effect on people.

= Task 4: Incidence Analysis of Sublethal Effects: assess the potential for using available
data sets (@) to bound the magnitude of the U.S. population who are harmed by sublethal
exposures to fire smoke and (b) to estimate the link between exposure dose and resulting
health effects.

= Task5a(5.1& 5.2from Tablel): Scenariosfor Fire Risk Calculations. provide a
candidate scenario and intervention strategy structure for future calculations of the
survivability and health risk from sublethal exposures to smoke from building fires.

» Task 6a (6.1 from Table 1): Characterization of Fire Types. determine the potential
for various types of fires to produce smoke yields from %2 to 1/100 of those that result in
lethal exposuresin selected scenarios.

These tasks comprise the effort needed to accomplish the first objective of the project and to
begin the second objective. Completion of the tasksin the first phase of the SEFS project has
provided the context for the tasks to come, indicated the capabilities and limitations of currently
available information, and generated useful productsin its own right. The remainder of this
report describes what we have learned from these tasks and the value of that knowledge.



1. PHASE ONE ACCOMPLISHMENTS
A. DEFINITION OF FIRE SCENARIOS

Both current prescriptive fire and building codes and the emerging performance-based fire and
building codes utilize aform of hazard or risk assessment. In the former, neither the safety
objective nor the improvement derived from a code change is explicit. Rather, the code body
implicitly recognizes there is cumul ative benefit from each product or design specification. If
the benefit provesinsufficient or if new hazards are identified, additional specific code changes
are considered. Inthe latter, the safety objective of each section of the codeis explicit. The
facility designer is given wide latitude in selecting a combination of features to meet that
objective. A hazard or risk analysis incorporating the properties of the facility and its contentsis
then performed to demonstrate that the safety objective will be met.

What the two approaches have in common is that they both operate on a set of fire scenarios. A
fire scenario is adetailed description of:

= thefacil ityEli n which the fire occurs, including the occupancy type (Table 2), its geometry
and topology, potential escape routes and places of refuge, and any installed fire
mitigation devices (Table 3);

= the combustible products potentialy involved in the fire (Table 4);

= aspecific fireincident, comprising an ignition event (type and location), the involvement
of one or more combustible products at some rate of fire growth and heat and smoke
production, various stages of fire development (Table 5), the eventual extent of thefire;

= the people occupying the facility at the time of the fire, including the types of people
normally in the facility, their ages, their physical capabilities, their sensitivities to smoke
and heat, and their locations relative to the fire.

There are interactions between each of these components, e.g., different types of people will be
exposed to fires of differing growth rate from different combustibles in different facilities. Thus,
there are large numbers of combinations of these factors. Presumably, the sublethal (and lethal)
effects of fire smoke are important in some fraction of these. It istempting to identify this subset
by focussing on those scenarios for which the largest fractions of fire deaths and injuries have
occurred to date. That would certainly capture those scenarios in which the sublethal effects of
smoke led to the two “markers’ we have of real-world fire casualties: death or hospitali Zaté_ﬂ
proximate to the fire event. We would rely on the findings of fire data analysis that show:

= fire deathsin homes outnumber fire deaths in all other buildings by 20 to 1,

= the mgority of fire deaths involve victims remote from the point of fire origin and fires
that spread flames beyond the first room, presumably through flashover;

= most fire deaths occur in buildings lacking sprinklers and working smoke alarms; and
= onethird of the fatal fires start with upholstered furniture, mattresses or bedding.

" The word “facility” is used throughout this document for economy of expression; it comprises all types of
buildings as well as transportation vehicles, whether at ground level or above.



This approach would not, however, capture those scenarios in which people receive sublethal
exposures to smoke that result in deleterious health effects or in which their survival was made
more difficult, but not unsuccessful. The next two sections provide insights into identifying
those scenarios in which sublethal effects of fire smoke might be important.

Table 2. Classification of Facilities

[The following classification scheme, taken from the NFPA Life Safety CodeE,I groups facilities
according to their common usage. Implied in this classification are a number of factors related to
use, the typical fuel load, and consideration of egress. Other factors, such as specific occupancy
populations, must be considered as well.]

Buildings Vehicles
Residences (single- or multiple family) Automobiles and trucks
Hospitals Buses
Nursing homes Passenger rail vehicles
Board and care buildings Urban mass transit vehicles
Office buildings Aircraft
Day carefacilities Spacecraft

Stadiums and large recreational facilities
Industrial (warehouses)

Industrial (high hazard)

Schools

Detention/correctional facilities
Mercantile

Table 3. Fire Hazard Mitigation Strategies and Examples

Active Passive
Suppression system (water deluge, water mist, halon, dry Barriers (fixed walls, draft
powder, carbon dioxide) curtains)
Cooling devices (fog nozzles) Low flammability materials
(interior finish, cable,

Smoke exhaust system (whole building, stairwell, roof vent) S

furnishings)
Detectors (automatic or manual, monitored or not)
Pressurization (compartments, elevators)
Evacuation aids (emergency lights)

Automatic door closure




Table 4. Potential Residential Combustibles

Combustible Class Typical Fire Growth Rate

Upholstered furniture Medium to fast

Wood furniture Slow

Wardrobes (with clothes) Medium to fast

Mattresses/bedding Medium to fast

Kitchen cabinets Slow

Interior finish Medium to fast

Cooking materials (e.g., oil) Fast

Paper trash Fast

Table 5. Stages of Fire Development

Fire Stage

Characteristics

1. Non-Flaming

1.1. Smoldering

Self-sustaining; no external radiation

1.2. Oxidative pyrolysis

Fuel subjected to thermal radiation or in contact
with a hot object

1.3. Non-oxidative pyrolysis

Pyrolysisin a space so highly vitiated that no
oxygen reaches the fuel surface

2. Well Ventilated Flaming

Flames below the base of hot gas layer
Burning rateis fuel controlled

3. Low Ventilated Flaming

Flames extend into the hot gas layer
Burning rate is ventilation controlled

3.1. Small fire in closed compartment

Air flow into the room or concealed spaceis
well below that needed to replace the consumed
oxygen

3.2. Post-flashover fire
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B. IMPORTANCE OF SUBLETHAL EXPOSURES

Essentially the entire 280 million citizens of the United States spend much of their timein the
facilities listed in the previous Section. Of these, we know of about three hundredths of one
percent (civilians and fire fighters) who suffer a serious or fatal injury in afire. In order to assess
the importance of the sublethal effects of fire smoke, it isincumbent to have estimates for the
following two pivotal questions:

1. How many people might receive sublethal exposures to fire smoke of any consequence?

It is possible to estimate the number of people each year that probably shared space with some
quantity of toxic smoke from areported home fire. If thistotal number of exposed people were,
as expected, far greater than the number of reported victims, then conservative (low) fire safety
thresholds that imply that any exposure to toxic fire smoke always results in unacceptable injury
are not suitable for prediction. [These low thresholds might assure the avoidance of |esser or
delayed injuries, even by smoke-sensitive people. However, using such thresholds in a hazard
assessment that as aresult predicts an unreaistically large number of injuriesis of little value to
responsi ble decision makers, who must provide for safety without other undue restrictions on the
public.] And knowing the magnitude of the population exposed to fire smoke would be a first
step in arisk assessment (e.g., of proposed code provisions or new products) where the
heightened sensitivity of vulnerable subpopulations would be balanced in calculations by explicit
use of the probabilities that those people will be the ones exposed in any particular fire.

2. How many of the recorded fatalities might have been the direct result of a sublethal exposure
to fire smoke? It has frequently been stated that (a) fire fatalities often result from incapacitating
injuries that occur earlier and from less severe fire exposures than do fatal injuries and that (b)
incapacitation is nearly aways followed by death. Establishing the degree of validity of this
position defines the proper data to be used to characterize the most harmful smoke exposures.

1. Statistical Methodology

It had been hoped that databases other than those currently used to estimate the U.S. fire
experience would contain sufficient detail on incident and exposure circumstances to develop
answers to these two questions. However, based on discussions with people familiar with these
compilations, most were not likely to be helpful for our purpose. For instance:

= The Federa agenciesresponsible for airline safety prepare detailed reports after fatal
incidents, including timelines of human behavior and autopsy data on toxic exposure.
Unfortunately, they do not include details of non-fatal injuries.

= The National Electronic Injury Surveillance System (NEISS) hospital emergency room
injury database, operated by the U.S. Consumer Product Safety Commission, is the most
potentially useful database on non-fatal fireinjuries. They do not, however, include even
the E-coding used on death certificates, which is necessary to achieve even asimple
separation of smoke inhalation from other injuries.

= NFPA hasamagjor fires database called the Fire Incident Data Organization (FIDO). It
has more solidly based detail than any other national fire incident data base, but its
typical level of detail is till limited, and the data base itself is representative in most
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years only for multiple-fatality or other unusually large fires. Recently, FIDO was
expanded to attempt to capture all fatal fires for two years, and it was hoped that there
would be a number of incidents in which timelines of occupant movement could be
constructed, permitting estimation of exposure as a function of fire size, smoke extent,
and occupant location. This could then be linked to the reported health status of the
occupants: fatally injured, non-fatally injured, or uninjured. While the degree of detail in
the reports was too low to accomplish this, FIDO does provide insight into the victim’'s
condition like “unable to act” or “rescuing,” and these victim condition codes are also
used in representative national data bases, e.g., the National Fire Incident Reporting
System (NFIRS). By indicating in some detail what people do in responding to fires that
isthen generically described by one of the brief coding phrases, FIDO supported some
estimates of the timeline of exposure for those victims and the criticality of incapacitation
in that timeline.

The components used to estimate the number of people exposed to fire smoke annually were as
follows:

Use was made of someé)ccupant location sets devel oped for the FPRF fire risk analysis
method FRAMEworks.* These sets translated 1980 U.S. Census Bureau data on typical
occupant activity by household structure, age and ability of person within the household,
and time of day, into estimated assignments of typical occupant locations by household
structure, age and ability of person, and time of day.

While there have been changes in the mix of population characteristics since 1980, the
changes have been gradual and would not significantly affect the analysis. For example,
in 1980 11.3 % of the resident U.S. population was at least 65 years old, while by 1998,
the share had risen to 12.7 %. Even if al the people shown asinjured in the calculation
were elderly, thiswould only increase the estimate of people exposed to injurious smoke
by about 13 %. Increasesin the estimate of people exposed to smoke strengthen the
conclusions.

Other 1980 U.S. Census Bureau data provided estimates of numbers of households by
household structure.

U.S. fireincident data supported the development of statistics on reported unwanted fires
by time of day, area of origin (corresponding to occupant location categories), and final
extent of smoke damage.

From these inputs, high and low estimates were made of numbers of people exposed,
based on matching the locations of people, by time of day, with the number of fires either
originating where they were located or spreading from their points of origin to the
individuals' locations.

For the analysis of the role of incapacitation in creating an extended time of exposureto fire
smoke, the characteristics of fatal fire victims, especialy their activity at the time of injury, were
culled from FIDO reports. An escaping victim, knocked down in flight by incapacitating smoke,
exemplified the critical role of incapacitation in creating lethal exposure. By contrast, for a
bedridden individual incapacitation by the smoke would be relatively unimportant, since the
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individual could do nothing to save himself or herself and would be exposed to as much smoke
asthe fire could move to him or her, absent arescue.

2. Estimating the U.S. Population Annually Exposed to Smoke from Unwanted
Fires

Table 6 proyi msehol ds, by structure, for non-family and family
househol dsﬁ i ined by the number of people (up to a maximum size of
5 or more, which istreated as 5), the number of adults (a“non-family” household does not
include children), the number of adults who are elderly (at least 65 years old), and the number of
adults who are non-working. To simplify the set-up, the number of adults who are elderly or
non-working is expressed in fractional terms, representing an average across al households with
that number of adults and total people. Thissimplification is possible because al people of a
common type share a common fate from a given fire; there is no need to stick to integer numbers
of people by type in order to support separate calculation of the fates of each one.

The analysis here (and in Tables 7-18) differs from the published analysisin that the published
exercise had to create occupant sets with integer numbers of persons by type, while this exercise
can work with fractional numbers of persons, overall and by type. Also, thisand al the
succeeding analyses eliminate the separate treatment of incapacitated adults (most of whom are
also elderly) and of babies (under 3 years old).

Table 6. Numbers of U.S. Households, by Size of Ho&Tehold, Number of Adults,
and Number of Elderly or Other Non-Working Adults

A. Non-family Households [Estimated 30.3 % of adults in non-family households are
elderly, and all of the adults of working age are working]

Number of Persons per Household Number of Households
Per sons Adults Elderly Non-working adults
1 1 0.303 0 20,602
2 2 0.606 0 2,768
3 3 0.909 0 497
4 4 1.212 0 155
5 5 1.515 0 70
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B. Family Households (Married Couple and/or Children Present) [Estimated 9.3 %
of adultsin family households are elderly, 55 % of adultsin two-adult families are non-working,

and 44 % of single parents are non-working.]

Number of Persons per Household Number of Households
Per sons Adults Elderly Non-working adults
2 2 0.186 1.10 19,220
2 1 0.093 0.44 6,129
3 2 0.186 1.10 11,346
3 1 0.093 0.44 3,458
4 2 0.186 1.10 11,666
4 1 0.093 0.44 1,601
5 2 0.186 1.10 8,118
5 1 0.093 0.44 1,176

Table 7 trandates the entries of Table 6 from numbers of people, by type,

per household, by

type, into entries on numbers of people, by type, in all households of a particular type. It also
provides summary data on the number of people, by type, in an average household. Again, the
published analysis treated all households with more than 5 persons as having 5 persons. Tables
7A and 7B are calculated directly from Tables 6A and 6B. Table 7C is calculated directly from
Tables 7A and 7B. The data used here are nearly 20 years old, but because they are reduced to
numbers of persons, by type, per household, that fact should not create a problem.

Table 7. Total Numbers of U.S. Persons, Elderly, and Non-W
Size of Household and Number of Adults in Their Householdf°

A. Non-family Households

King AJUITS, DY

Number of Per sons per Total Number of Personsin All Households Combined
Household
Per sons Adults Per sons Elderly Non- working adults
1 1 20,602 6,242 0
2 2 5,536 1,677 0
3 3 1,491 452 0
4 4 620 188 0
5 5 350 106 0
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B. Family Households (Married Couple and/or Children Present)

Number of Persons per Total Number of Personsin All Households Combined
Household
Per sons Adults Per sons Elderly Non- working adults
2 2 38,440 3,575 21,142
2 1 12,258 570 2,697
3 2 34,038 2,110 12,481
3 1 10,374 322 1,522
4 2 46,664 2,170 12,833
4 1 6,404 149 704
5 2 40,590 1,510 8,930
5 1 5,880 109 517

C. Number of Persons, by Type, per Household, Overall Average

People per household 2.57
Elderly persons per household 0.22
Non-working adults per household 0.70

Table 8 indicates the assumed (and most likely) location for a person of a particular type, by time
of day, for 3 time of day ranges. There are three candidate |ocations — bedroom; living room,
family room, or den; and outside the building (as when an adult is at work or a child is at schoal).
This analysis eliminates the separate treatment of incapacitated adults (most of whom are also
elderly) and of babies (under 3 yearsold). All other children and working adults have the same
assignments and so can be combined. It isfurther assumed that the room of fire origin, if not
otherwise estimated to have anyone occupying it, may have no one or one person present,
corresponding to fires whose causes point to someone present at the time and the less frequent
fires whose causes do not.

Table[8—MosSt Cikety Qocations of U.S. Persons, by Type of Person and Time of
Day{°
Type of During During During
Person 7am—6pm 6pm-—11pm 11 pm—7am
Child or Outside building Living room, family Bedroom
Working adult room, or den
Non-working adult Living room, family | Living room, family Bedroom
room, or den room, or den
Elderly person Living room, family | Bedroom Bedroom
room, or den
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Table 9 uses datafrom Tables 7 and 8 and two assumptions to indicate, for each of four
candidate locations (i.e., type of room) in the home and each of the same three time-of-day
ranges, how many of what types of people arein that room, in another room, or outside the
building. The four candidate locations are candidate areas of origin for fire: kitchen; bedroom;
living room, family room, or den; and any other room or area. The additional assumptions
needed are these:

= Notwithstanding the assumptionsin Table 8, if fire beginsin aroom, thereisagood
chance that someone was there to start the fire, either intentionally or (more often)
unintentionally. The range of assumptions regarding the number of people present, if
Table 8 would indicate no one present, is0 to 1, that is, yes, someone is present, or no,
someoneisnot. Since a person present will be, by definition, close to the point of origin
of the fire, then person-present will yield a higher estimate of exposed people and person-
absent will yield alower estimate.

= At night, when everyone in the household is assumed to be located in a bedroom, the
number of people in any one bedroom will range from one to two. Again, the assumption
of two people in the bedroom of fire origin will produce a higher estimate of exposed
people, while the assumption of one person will produce alower estimate.

Table 10 uses the data from Table 8 on average number of people, by type, in an average
household, with the entriesin Table 9, to produce a range of number of people, without
differentiating them by type, based on time of day, who are in the same room, another room, or
outside the building, for each of the four possible areas of fire origin.

Table 11 provides the linkage between how far smoke extends and how far away occupants
might be affected. Again, ranges are provided. When the extent of smoke ranges from zero up
to confined to the room of fire origin, the number of people exposed is estimated to range from
no one (zero) up to everyone assumed to be located, when fire begins, in the same room as the
room of fire origin. When the extent of smoke ranges from filling the first room up to anything
larger, the number of people exposed is estimated to range from everyone located in the same
room as the room of fire origin up to everyone located anywhere in the home. Table 11 uses
these assumptions with data from the earlier tables to indicate, based on what type of room is the
area of fire origin, time of day, and final extent of smoke damage, how many people will be
exposed to toxic fire smoke. A fire that spreads smoke through enough of the room of fire origin
will expose everyone who is till in that room. A fire that spreads smoke through enough of the
housing unit will expose everyone who is till in the room of fire origin and in any other room in
the housing unit. People located outside the housing unit will not be exposed, regardiess of
smoke spread.
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Table 9. Numbers of U.S. Persons, by Type of Person and Time of Day,

within 3 Exposure Zoneg—Sarme RoonT, Another RoonT, Ouyside Building,
by Room of Fire Origin[°
Who's During During During
Room of Fire Origin L ocated 7am—-6pm 6 pm—-11pm 11 pm—-7am
in?
Kitchen Same room 0to 1 person 0to 1 person No one
Kitchen Another Non-working Rest of household | Entire household
room adults and elderly
Kitchen Outside Rest of household No one No one
building
Bedroom Same room 0to 1 person 0to 1 person 1to 2 people
Bedroom Another Non-working Rest of household | Rest of household
room adults and elderly
Bedroom Outside Rest of household No one No one
building
Living room, family Same room Non-working Entire household No one
room, den, or associated adults and elderly except elderly
chimney
Living room, family Another No one Elderly Entire household
room, den, or associated room
chimney
Living room, family Outside Entire household No one No one
room, den, or associated | building
chimney
Other room Same room 0to 1 person 0to 1 person No one
Other room Another Non-working Rest of household | Entire household
room adults and elderly
Other room Outside Rest of household No one No one
building
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Table 10. Numbers of U.S. Persons, by Time of Day, in Average Home within 3

ExposufeZones —Same R

oom, Another Room, Outside Building, by Room of Fire

Origin
How
Room of FireOrigin | Many Are During During During
L ocated 7am—-6pm 6 pm-11pm 11 pm—-7am
in?
Kitchen Same 0-1 0-1 0
room
Kitchen Another 0.92 1.57-2.57 257
room
Kitchen Outside 0.65-1.65 0 0
building
Bedroom Same 0-1 0-1 1-2
room
Bedroom Another 0.92 1.57-2.57 0.57-1.57
room
Bedroom Outside 0.65-1.65 0 0
building
Living room, family Same 0.92 2.35 0
room, den, or room
associated chimney
Living room, family Another 0 0.22 2.57
room, den, or room
associated chimney
Living room, family Outside 1.65 0 0
room, den, or building
associated chimney
Other room Same 0-1 0-1 0
room
Other room Another 0.92 1.57-2.57 2.57
room
Other room Outside 0.65-1.65 0 0
building
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Table 11. Numbers of U.S. Persons Expos
Average Home, Based on Extent of Smokef™

To SmoKe, by Time of Day,

How Far Must Room of Fire During During During
Smoke Extend? Origin 7am—6pm 6pm—-11pm | 11 pm-—7am

Between any smoke Kitchen 0-1 0-1 0
and filling first room
Between smoke past Kitchen 0.92-1.92 2.57 2.57
first room and filling

housing unit
Between any smoke Bedroom 0-1 0-1 1-2
and filling first room
Between smoke past Bedroom 0.92-1.92 2.57 2.57
first room and filling

housing unit
Between any smoke Living room, 0.92 2.35 0
and filling first room family room,

den, or
associated
chimney

Between smoke past Living room, 0.92 2.57 2.57
first roomand filling | family room,

housing unit den, or

associ ated
chimney

Between any smoke Other room 0-1 0-1 0
and filling first room
Between smoke past Other room 0.92-1.92 2.57 2.57
first room and filling

housing unit

The simplifying assumptions up to this point are amix of conservative and non-conservative
assumptions. The simplified location assignments will mean more people are assigned locations
in abedroom or living room when afire starts there than will be there on average, while fewer
people are assigned locations near afire starting anywhere else. The simplified assignments by
time of day will indicate more evening exposure of busy people with outside activities than will
actually occur, but they miss many of the reasons why people may stay home during the day, as
well as the exposure of guests. The simplified maximum limit on household size is entirely
conservative, asit will underestimate exposure. The ranges linking exposure to smoke extent
will overestimate some exposures, e.g., where people in the room where afire begins are able to
escape with no exposure at al, but underestimate some other exposures, e.g., where people's
activities (rescuing, fire fighting, investigating, or escaping by some routes) take them toward the
fire rather than away fromit. Inthe end, the authors believe that no major net overestimation or
underestimation occurs with these assumptions.
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Table 12 provides statistics from recent U.S. fire loss data regarding the number of reported
home fires and associated civilian deaths and injuries, by area of fire origin, time of day, and
final extent of smoke damage. The numbers of fires can be used with the entries of Table 11 to
estimate the range of exposure. The numbers of deaths and non-fatal injuries provide contrasting
numbers on the number of exposed people suffering recognized health effects.

Table 12 uses a more detailed breakdown on the final extent of smoke damage, in order to permit
additional ranges of effect in the estimation. Fires with smoke damage confined to room of
origin are subdivided into fires with smoke damage confined to area of origin (meaning the
immediate area around the point of origin but beyond the single object of origin) vs. fireswith
smoke damage beyond the area of origin but still confined to the room of origin. The former are
less likely to expose people in the room of origin; the latter are more likely to cause such
exposure. Similarly, fires with smoke damage beyond room of origin are subdivided into fires
with smoke damage confined to floor of origin vs. fires with smoke damage beyond floor of
origin. The former are less likely to expose people somewhere in the building other than the
room of fire origin, while the |atter are more likely to do so.

Table 12. Numbers of Reported Fires, Deaths, and Injuries by Area of Fire Origin,
Time of Day, and Extent of Smoke Damage Annual Average of 1993-97 Home
Structure Fires Reported to Municipal Fire Departments

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney;
Other room.
Time of day: Day (7 am — 6 pm), Evening (6 pm — 11 pm), or Night (11 pm —7 am)

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of
origin, but confined to Room of origin; beyond room of origin, but confined to Floor of origin;
Beyond floor of origin.]

Areaof Fire Time of Day Extent of Smoke Fires Civilian Civilian
Origin Damage Deaths Injuries
K D O 27,156 26 645

K D R 12,522 11 493

K D F 12,597 25 647

K D B 22,352 146 1,334

K E 6] 13,765 8 341

K E R 6,352 3 262

K E F 6,759 8 375

K E B 10,944 66 683

K N O 5,148 11 141

K N R 2,604 3 101

K N F 3,378 14 222

K N B 7,211 222 695

B D O 4,637 13 158

B D R 3,565 16 179

B D F 5,194 57 482
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Areaof Fire Time of Day Extent of Smoke Fires Civilian Civilian
Origin Damage Deaths Injuries
B D B 14,984 280 1,544
B E (@) 2,702 5 107
B E R 1,961 7 99
B E F 2,664 18 212
B E B 6,990 130 590
B N (@] 2,228 18 109
B N R 1,672 10 99
B N F 2,470 52 322
B N B 8,120 382 1,087
L D O 4,000 16 101
L D R 1,632 6 69
L D F 1,560 28 150
L D B 8,324 313 875
L E O 2,713 4 53
L E R 1,037 3 45
L E F 953 19 75
L E B 4,542 157 358
L N O 1,882 17 73
L N R 924 6 50
L N F 1,089 37 157
L N B 6,440 567 958
0] D (@] 43,179 16 370
0] D R 10,738 7 189
0] D F 7,300 15 228
O D B 38,367 245 1,573
O E (@] 25,983 10 205
0] E R 5772 0 103
0] E F 3,980 6 110
O E B 19,535 121 729
0] N (@] 15,243 27 133
0] N R 4,050 7 84
0] N F 3,362 19 131
0] N B 23,350 445 1,417

Table 13 trandates all the other tables into estimates of exposed people, by time of day, area of
fire origin, and final extent of smoke damage. The several ranges introduced at various points
have been reduced to three estimates, called “lowest,” “low,” and “high.” The“lowest” estimate
uses the lower numbers for people located at or near the fire and the upper ends of the ranges on
how much smoke extent is required to expose people away from the fire (i.e., smoke beyond area
of origin isrequired to expose people in room of fire origin; smoke beyond floor of originis
required to expose people outside room of fire origin). The “low” estimate also uses the lower
numbers for people located at or near the fire but uses the lower ends of the ranges of smoke
extent needed to expose people. The “high” estimate uses the higher numbers for people located
at or near the fire and the lower ends of the ranges of smoke extent needed to expose people.
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Table 13. Estimated Number of People Exposed to Smoke in Home Fires by Area
of Fire Origin, Time of Day, and Extent of Smoke Damage

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney;
Other room.
Time of day: Day (7 am — 6 pm), Evening (6 pm — 11 pm), or Night (11 pm —7 am)

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of
origin, but confined to Room of origin; beyond room of origin, but confined to Floor of origin;
Beyond floor of origin.]

: . . Extent of .
Areaof FireOrigin | Timeof Day Smoke Damage L owest Low High
K D O 0 0 27,156
K D R 0 0 12,522
K D F 0 11,589 24,186
K D B 20,564 20,564 42,915
K E ®) 0 0 13,765
K E R 0 0 6,352
K E F 0 17,372 17,372
K E B 28,126 28,126 28,126
K N O 0 0 0
K N R 0 0 0
K N F 0 8,682 8,682
K N B 18,533 18,533 18,533
B D O 0 0 4,637
B D R 0 0 3,565
B D F 0 4,779 9,973
B D B 13,786 13,786 28,770
B E O 0 0 2,702
B E R 0 0 1,961
B E F 0 6,846 6,846
B E B 17,964 17,964 17,964
B N O 0 2,228 4,456
B N R 1,672 1,672 3,344
B N F 2,470 6,347 6,347
B N B 20,867 20,867 20,867
L D ®) 0 3,680 3,680
L D R 1,502 1,502 1,502
L D F 1,435 1,435 1,435
L D B 7,658 7,658 7,658
L E ®) 0 6,375 6,375
L E R 2,438 2,438 2,438
L E F 2,239 2,449 2,449
L E B 11,672 11,672 11,672
L N O 0 0 0
L N R 0 0 0
L N F 0 2,799 2,799
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Areaof FireOrigin | Timeof Day Srngli((ielg;?qfage L owest Low High
L N B 16,550 16,550 16,550
o] D 6] 0 0 43,179
O D R 0 0 10,738
O D F 0 6,716 14,016
O D B 35,297 35,297 73,664
o] E O 0 0 25,983
0 E R 0 0 5,772
o] E F 0 10,230 10,230
O E B 50,204 50,204 50,204
O N O 0 0 0
o] N R 0 0 0
0 N F 0 8,640 8,640
o] N B 60,009 60,009 60,009

Table 14 compares the range of estimates of people exposed to toxic fire smoke to the reported
1993-97 annual average civilian fire deaths and injuries, by area of fire origin, time of day, and
final extent of smoke damage. Tables 15-18 present summary statistics from Table 14, showing
the grand total as well as breakdowns by one or two of the three variables at atime. Again, the
“lowest” estimate uses lower number of people by location and upper range of smoke extent (i.e.,
smoke beyond area of origin to expose people in room of fire origin; smoke beyond floor of
origin to expose people outside room of fire origin). “Low” estimate uses lower number of
people by location but lower range of smoke extent needed to expose people. “High” estimate
uses higher number of people by location and lower range of smoke extent needed to expose
people.
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Table 14. Range of Estimated Number of People Exposed to Smoke in Home
Fires vs. 1993-97 Average Reported Civilian Fire Deaths and Non-Fatal Injuries,
by Area of Fire Origin, Time of Day, and Extent of Smoke Damage

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney;

Other room.

Time of day: Day (7 am — 6 pm), Evening (6 pm — 11 pm), or Night (11 pm —7 am)

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of
origin, but confined to Room of origin; beyond room of origin, but confined to Floor of origin;
Beyond floor of origin.]

Areaof Fire . Extent of Smoke Civilian Civilian
Origin Time of Day Damage Exposed People Deaths Injuries
K D O 0-27,156 26 645
K D R 0-12,522 11 493
K D F 0-24,186 25 647
K D B 20,564 — 42,915 146 1,334
K E O 0-13,765 8 341
K E R 0-6,352 3 262
K E F 0-17,372 8 375
K E B 28,126 66 683
K N O 0 11 141
K N R 0 3 101
K N F 0-8,682 14 222
K N B 18,533 222 695
B D O 0-4,637 13 158
B D R 0-3,565 16 179
B D F 0-9,973 57 482
B D B 13,786 — 28,770 280 1,544
B E O 0-2,702 5 107
B E R 0-1,961 7 99
B E F 0-6,846 18 212
B E B 17,964 130 590
B N O 0-4,456 18 109
B N R 1,672-3,344 10 99
B N F 2,470-6,347 52 322
B N B 20,867 382 1,087
L D O 0-3,680 16 101
L D R 1,502 6 69
L D F 1,435 28 150
L D B 7,658 313 875
L E O 0-6,375 4 53
L E R 2,438 3 45
L E F 2,239 — 2,449 19 75
L E B 11,672 157 358
L N O 0 17 73
L N R 0 6 50
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Areaof Fire . Extent of Smoke Civilian Civilian
Origin Time of Day Damage Exposed People Deaths Injuries

L N F 0-2,799 37 157

L N B 16,550 567 958

0] D O 0-43,179 16 370

0] D R 0-10,738 7 189

0] D F 0-14,016 15 228

O D B 35,297 — 73,664 245 1,573

O E O 0-—25,983 10 205

0] E R 0-5,772 0 103

0] E F 0-10,230 6 110

0] E B 50,204 121 729

0] N (@] 0 27 133

0] N R 0 7 84

0] N F 0-8,640 19 131

0] N B 60,009 445 1,417

Table 15. Range of Estimated Number of People Exposed to Smoke in Home
Fires vs. 1993-97 Average Reported Civilian Fire Deaths and Non-Fatal Injuries,
by Area of Fire Origin and Time of Day

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney;

Other room.

Time of day: Day (7 am — 6 pm), Evening (6 pm — 11 pm), or Night (11 pm — 7 am)]

Areaof Fire Time of Extent of Exposed People Civilian Civilian
Origin Day Smoke Damage b P Deaths Injuries

K D All 20,564 — 106,779 207 3,120

K E All 28,126 — 65,615 86 1,660

K N All 18,533 — 27,215 249 1,159

B D All 13,786 — 46,945 365 2,363

B E All 17,964 — 29,474 161 1,008

B N All 25,009 — 35,014 462 1,617

L D All 10,594 — 14,274 363 1,195

L E All 16,349 — 22,934 184 531

L N All 16,550 — 19,349 627 1,238

) D All 35,297 — 141,597 283 2,360

) E All 50,204 — 92,189 138 1,148

) N All 60,009 — 68,649 498 1,765
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Table 16. Range of Estimated Number of People Exposed to Smoke in Home
Fires vs. 1993-97 Average Reported Civilian Fire Deaths and Non-Fatal Injuries,
by Area of Fire Origin and Extent of Smoke Damage

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney;

Other room.

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of
origin, but confined to Room of origin; beyond room of origin, but confined to Floor of origin;
Beyond floor of origin.]

Areaof Fire Time of Extent of Exposed People Civilian Civilian
Origin Day Smoke Damage b P Deaths Injuries

K All (@) 0-40,921 44 1,126

K All R 0-18,874 17 856

K All F 0-50,240 47 1,244

K All B 67,223 —89,574 435 2,712

B All @) 0-11,796 36 374

B All R 1,672 -8,870 33 377

B All F 2,470 — 23,166 126 1,017

B All B 52,617 — 67,601 792 3,221

L All (@) 0-10,055 37 227

L All R 3,939 15 164

L All F 3,674 — 6,683 84 383

L All B 35,880 1,037 2,191

O All O 0-69,161 53 708

O All R 0-16,511 15 375

0] All F 0-32,885 41 469

O All B 145,510 — 183,877 811 3,720
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Table 17. Range of Estimated Number of People Exposed to Smoke in Home Fires vs.
1993-97 Average Reported Civilian Fire Deaths and Non-Fatal Injuries,
by Time of Day and Extent of Smoke Damage

[Time of day: Day (7 am —6 pm), Evening (6 pm— 11 pm), or Night (11 pm — 7 am)

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of origin, but
confined to Room of origin; beyond room of origin, but confined to Floor of origin; Beyond floor of

origin.]

Areaof Fire Time of Extent of Exposed People Civilian Civilian
Origin Day Smoke Damage b P Deaths Injuries

All D O 0—78,652 70 1,274

All D R 1,502 — 28,326 40 929

All D F 1,435-49,610 124 1,507

All D B 77,304 — 153,007 984 5,327

All E O 0—48,825 28 705

All E R 2,438 — 16,524 14 509

All E F 2,239 — 36,896 52 773

All E B 107,966 474 2,360

All N O 0-—4,456 72 455

All N R 1,672-3,344 25 334

All N F 2,470 — 26,468 122 832

All N B 115,959 1,616 4,157
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Table 18. Range of Estimated Number of People Exposed to Smoke in Home Fires vs.
1993-97 Average Reported Civilian Fire Deaths and Non-Fatal Injuries,
by Area of Fire Origin, Time of Day, or Extent of Smoke Damage

[Areaof Fire Origin: Kitchen; Bedroom; Living room, family room, den or associated chimney; Other
room.
Time of day: Day (7 am —6 pm), Evening (6 pm— 11 pm), or Night (11 pm—7 am).

Extent of smoke damage: None or confined to Object or area of fire origin; beyond area of origin, but
confined to Room of origin; beyond room of origin, but confined to Floor of origin; Beyond floor of
origin.]

Areaof Fire Time of Extent of Exnosed People Civilian Civilian
Origin Day Smoke Damage P P Deaths Injuries
K All All 67,223 — 199,609 542 5,939
B All All 56,758 — 111,433 988 4,988
L All All 43,494 — 56,557 1,174 2,964
0] All All 145,510 — 302,434 919 5,272
All D All 80,241 — 309,595 1,218 9,038
All E All 112,643 — 210,211 568 4,347
All N All 120,101 — 150,227 1,836 5,778
All All 0] 0-131,933 170 2,434
All All R 5,611 —48,194 79 1,772
All All F 6,144 — 112,974 298 3,112
All All B 301,230 — 376,933 3,075 11,844
All All All 312,984 — 670,034 3,623 19,163

The grand total row (bold) shows a range of annually exposed people in the range of 310,000 to
670,000 people per year. This comparesto 3,623 civilian fire deaths reported per year, 19,163
civilian fireinjuries reporﬁ:l per year, and a combined 22,786 civilian fire fatal or non-fatal
injuries reported per year.= [Deviations from published figures are due to rounding errors.]
Thistrandates into arange of 14 to 29 people exposed to toxic fire smoke per year for every one
with areported civilian fireinjury.

The ratios would be even more dramatic if the deaths and injuries were limited to those involving
smoke inhalation, in part or in whole. 1n 1993-97 home civilian fire deaths and injuries

involving smoke inhalation, alone or in combination with burns, averaged 3,318 deaths and

11,505 injuries per year, for atotal of 14,823 civilian fire fatal or non-fatal injuries per year [
Thistrandates into arange of 21 to 45 people exposed to toxic fire smoke per year for every one
with areported civilian fire injury involving smoke inhalation.

It isimportant to consider the potential sources of the enormous difference between these
estimates of numbers of people exposed to fire smoke, which very low thresholds would estimate
should produce an injury in nearly every case, and the much lower numbers of actual reported
injuries and deaths:
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It isunlikely that the injuries from smoke inhalation in reported fires are numerous
enough to change substantially this huge gap between estimated exposed people and
estimated injured people. Even if oneincludesinjuriesin unreported fires, the number of
recognized (by the victim) smoke inhalation injuries falls well short of these estimates.
The last study of unreported home fire injuries produced an estimate of total fire injuries
above the high estimate for people exposed to toxic fire smoke, but most of those injuries
were burns from small cooking fires, not from smoke inhalation. These wereinjuries
recalled by people, based on extrapolation from a 3-month recall period and some
prompting from the tel e%one interviewers regarding examples of what isincluded in the
category of fire injuries.* Were numerous and significant aftereffects of smoke
inhalation still being felt, these injuries would have been more evident in the study.

There isthe possibility of avery large number of unreported, unrecognized fireinjuries
due to fire smoke inhalation. These single exposures (except in the case of fire fighters)
would result in injuries less severe than those from ordinary chronic exposures to carbon
monoxide, such as second-hand cigarette smoke, use of fireplaces, and exposures to
operating motor vehiclesin partially confined spaces such as garages and bus tunnels.
[Such injuries would seem to fall short of the type of serious and lasting health effects
contemplated by those who set the goalsin national codes and regulations or even those
cited by advocates of the more sweeping goals cited in justifying more stringent
thresholds.]

Most of the potential exposuresin the low-end estimate above occurred in larger fires,
where smoke spread beyond the floor of origin and the victims were outside the room of
origin. The smoke will have been diluted as it typically expands well beyond the zone of
burning in such large fires (see Section 111.C), and this will have reduced the occupants
exposure to levels below, often well below, those near the fire. In addition, most of the
exposures added to the low-end estimate to produce the high-end estimate involve
smaller fires (within the two categories of fires with smoke confined to or not confined to
room of origin). Transport effects will apply to these victims as well, even though they
tend to be closer to the point of fire origin.

By definition, most exposed occupants are not unusually vulnerable to smoke.

While these figures and this analysis are for home fires only, the larger typical building size and
much smaller fire incidence, death and injury ratesin all other types of buildings will tend to
mean that (a) the home fire numbers dominate the injury and death numbers for all buildings and
(b) the ratio of estimated exposures to reported injuries and deaths is likely to be even higher for
non-home buildings. For either reason, the qualitative conclusions would be unlikely to change
if other occupancies were added to the analysis.
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3. Estimating the Importance of Incapacitation as an Early Event Leading to
Death and Value of Extra Time

From the thousands of single-fatality home fires reported to NFPA’s FIDO database in the two
years when all fatal fires were solicited, 127 were analyzed for thistask. The incidents selected
here, except as noted in the tables, were the first incidents coded (typically the earliest
chronologically) into the system when all fatal fires were being sought. The patterns of interest
from these were clear enough that it is unlikely additional data coding would have produced
different results, but this remains an option for the future.

Tables 19-21 list the key data for fatal injuries, non-fatal injuries, and uninjured occupants,
respectively. Here are some notes regarding the coding used in those tables:

= For non-fatal injuries and uninjured persons, there may be more than one per incident, in
which case the identification code numbers the incident and then numbers the individuals
from #1 up, (e.g., #692-1).

= Under “Victim Location,” “Intimate” means “Intimate with ignition,” which means the
victim was very close to the point of origin of the fire. Examplesinclude clothing fires
and ignitions of bedding near a person in bed.

=  Under “Victim Condition at Ignition,” “Impaired” means “Impaired by alcohol or other
drugs,” including legal medications. Physical conditions that might have made the victim
more vulnerable to fire effects (e.g., asthma) are shown, when reported, in brackets. A
distinction is made between physical or mental “limits’ of (old) age and more precisely
defined physical or mental handicaps.

=  Under “Victim Activity When Injured,” details are provided, when reported, regarding
exposure for people fatally injured while attempting rescue or fighting the fire. Details
are grouped under four broad categories:

“Overcome” means the person was overcome/incapacitated by fire effects
while engaged in the activity. A person overcome by fire can be rescued,
in which case the injury suffered is non-fatal.

- “Forced out” means the person sustained some exposure while engaged in
the activity but had to break off the activity short of completion to flee
what the victim perceived as intolerable fire effects.

- “Forced back” means the person moved toward the fire or people needing
rescue, but turned back at the edge of the fire exposure zone.

- “Successful or stayed outside” means either the person was successful in
the intended activity (rescuing or fire fighting) and so broke off the
activity before being forced out or back by the fire OR the person stayed
on the outer fringes of the fire-affected zone throughout the activity and so
experienced very little if any exposure.

Each of these categoriesis presumed to involve less quantity and duration of exposure to
fire effects than the one before it, although that is not as clear for the last category.
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Under “Condition Preventing Escape,” the term “incapacitated” istheterm usedin
coding to mean an inability to move prior to fire exposure, such as the situation for a

bedridden victim. It does NOT mean early incapacitation by the fire.

Thisisthe column where information is shown, when reported, to indicate the nature of
the “irrational activity” recorded under “Victim Activity.” “Irrational activity” aways
involves positive actions that increase risk for no good reason, usually a decision to seek
refuge inside the home (e.g., a child fleeing to his or her own bedroom, choosing familiar
surroundings over asafe refuge). This column also records information, when reported,
that provides more detail on severity and duration of exposure or, more often, on how
close the victim was to successful escape.

Entries were made for 115 fataly injured individuals, with the last five recorded under arevised
protocol where only individuals involved in rescuing or fire fighting when injured were recorded.
Entries were made for 42 incidents involving non-fatal injuries, with atotal of 65 non-fatally
injured individuals documented. Of the 42 incidents, 16 (or nearly two-fifths) had reports on
more than one non-fatally injured individual. Entries were made for 22 incidentsinvolving
documentation on uninjured individuals, with atotal of 38 uninjured individuals documented.
(One of those individuals was actually a family of unreported size, all of whose members
escaped together from a separate apartment unit than the point of fire origin.) Of the 22

incidents, 11 (or half) had reports on more than one uninjured individual.

All of the non-fatally injured or uninjured people who were not engaged in attempting rescue,
fighting the fire, or attempting to escape when injured were themselves rescued by someone else
(except for a couple cases where the relevant information was unknown or unreported).

Table 19. Special FIDO Study - Fatal Victims

1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation Ignition when Injured Preventing Escape
651 Same room Impaired Unable to act Blocked by fire;
incapacitated
680 Intimate Impaired; physical Adeep Incapacitated
handicap
681 Unknown Physical handicap Escaping Moved too slow?
[partial paralysig]
691 Unknown Unknown [asthma] Unknown Unknown
692 Same room Too young to act Irrational activity None
693 Another room Impaired (very) Adleep Incapacitated
698 Intimate Adleep Adeep None
716 Sameroom; close | Impaired Escaping Chose wrong path —
to fire but not to bedroom not
intimate direct to outside
720 Unknown Physical handicap Escaping Moved too slow?,
reached carport,
close to escape
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1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape
734 Unknown Unknown Unknown None
743 Another floor Physical handicap due | Escaping Moved too slowly;
to age incapacitated after
20' of walking
slowly in smoke-
filled hall
745 Another room? Impaired Asleep? Incapacitated
752 Intimate Awake Irrational activity, None
maybe even suicide
756 Intimate Awake Irrational activity Chose wrong refuge
— familiar bedroom
757 Same room Unknown Unknown Unknown
759 Unknown Unknown Escaping None
764 Another room Adleep Escaping, rescuing — | Blocked by fire, i.e.,
just by yelling alert | trapped
765 Same room Unknown Irrational activity Chose wrong refuge
— bathroom
766 Intimate or same Physical handicap, age- | Unableto act Incapacitated
room related limits
779 Intimate or same Awake Irrationa activity Chose wrong refuge
room —own bedroom
781 Same room Unknown [emphysema] | Irrational activity Returned from
outside —to get rifle
806 Ancther room Physical handicap Unknown Unknown
813 Another room Unknown [diabetic] Escaping Unknown
821 Another room Too young to act Unableto act (9 Unknown
months old)
912 Another room Adleep Rescuing (cats) — None — Fire was
overcome by fire confined to room of
origin but flashed
over enclosed room
917 Another room Adleep Escaping Blocked by fire,
chose wrong path —
primary path
922 Same room Awake? Unableto act — Incapacitated — but
knocked down or unknown how
fell
1005 Intimate Physical handicap Asleep or unableto | Incapacitated?
act
1009 Unknown — but Physical limits of age Unknown Unknown
found in adifferent
room
1013 Unknown Impaired; aso beaten Unableto act Incapacitated
UNCONSCi OUS
1021 Intimate Too young to act Unable to act Moved too slow, fire
[2 yearsold] setter
1022 Same room Physical handicap, dso | Unknown —didn’t Incapacitated or
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1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape
limits of age move moved too slow?
1024 Intimate — smoked | Physical handicap—on | Unableto act — Blocked by fire
while on oxygen oxygen [emphysemal removed by rescuer
1034 Intimate Physical limits of age Unableto act None
1036 Intimate Impaired Unableto act Clothing on fire; fire
blocked exit
1201 Same room Too young to act (10 Unable to act Moved too slow
months)
1208 Another room Unknown Unknown Unknown
1210 Intimate Mental handicap Adleep or unableto | Unknown
(schizophrenia) act
1228 Same room Awake Firefighting — None
overcome by fire
1230 Unknown Impaired Escaping None
1232 Another room Adleep Rescuing — Re-entered building
overcome by fire
1235 Intimate Physical limits of age Escaping or fire Moved too slowly
[used awalker] fighting — overcome
by fire while moving
away, to water
1236 Same room, fire Impaired, mental Irrational activity Chose wrong refuge
setter handicap —fled to bathroom
1239 Intimate Adleep Firefighting — None
overcome by fire
1241 Intimate Impaired Escaping Blocked by fire
1244 Intimate Bedridden by physical | Unableto act None
handicap
1249 Same room Unknown Unknown None
1250 Another floor Unknown Unknown Blocked by fire
1254 Another floor Unknown Sleeping? Unknown
1257 Another room Unknown Escaping None
1260 Another room Awake Firefighting — Chose wrong refuge
became disoriented, | — bathroom tub
so fled to wrong
refuge
1262 Another room Impaired Escaping None
1265 Another floor Asdleep [also sick with | Sleeping Blocked by fire
flu]
1274 Another room Unknown Unableto act — Blocked by fire
afraid to jump
1275 Same room Unknown Unknown Unknown
1279 Same room Impaired Unknown Unknown
1284 Another room Physical handicap [on | Unableto act Incapacitated
breathing machine]
1295 Intimate Physical handicap Escaping Door nailed shut

[stroke, blind in one
eye]
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1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape

1303 Another room Asdleep Escaping None

1313 Unknown Physical limits of age Unknown None

1315 Unknown Unknown Escaping None

1319 Intimate Physical handicap, Unableto act Incapacitated —in

mental limits of age restraints

1320 Unknown Physical limits of age Escaping Unknown —was 4-5'

[used awalker] from front door
when overcome by
fire

1337 Another room Impaired Escaping None

1339 Intimate Physical handicap Escaping Chose wrong path —

[legaly blind], physica into closet, because
limits of age blind and
disoriented

1340 Another room Bedridden by physical | Unableto act Incapacitated

handicap

1433 Intimate Impaired [also liver Sleeping None

disease]
1436 Another room Physical limits of age Unknown None
[used awalker]

1446 Same room Bedridden by physical | Unableto act Incapacitated

handicap

1448 Same room Unknown Unknown Unknown

1456 Another room Unknown Unknown Unknown

1479 Another floor Unknown Unknown Unknown

1482 Intimate Physical handicap Escaping Unknown

[stroke 2 days earlier]

1486 Another room Adleep Escaping Chose wrong path,
primary path to front
door went toward
fire

1490 Intimate Asdleep [had terminal Escaping None

cancer]

1497 Another room Adleep Escaping None — overcome by
firein room next to
room of origin

1498 Same room Unknown Unknown Unknown

1499 Same room Adleep Sleeping Unknown

1502 Intimate Awake Firefighting— Clothing on fire; ran

overcome by fireon | to bathroom
self while moving to
water

1504 Another room Physical limits of age Escaping — had Unknown

cardiac arrest while
investigating fire
1521 Intimate Mental limits of age Escaping, fire Clothing on fire;

fighting — overcome

went to bathroom




1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape
by fire on self while
moving to water
1522 Intimate Impaired Escaping None
1527 Another floor Adleep Escaping Unknown
1535 Unknown Impaired Escaping None
1537 Another room or Unknown Escaping None — Almost got
floor through front door
1541 Unknown Unknown Unableto act — None
mother carried him
to window but he
would not jump
1543 Another room Unknown Unknown None
1545 Another room Physical limits of age Escaping None
[arthritis, used walker]
1548 Same room Awake Escaping L ocked door
1549 Unknown Impaired Unknown Unknown
1551 Another room Too young to act [10 Escaping Blocked by fire
months]
1552 Same room Physical handicap Unableto act Incapacitated;
blocked by fire
1646 Unknown Impaired Unknown Unknown
1648 Another room or Adleep Sleeping Unknown
floor
1650 Another room Adeep Escaping Blocked by fire
1655 Same room Unknown Escaping Blocked by fire
1659 Another room Unknown Unknown Unknown
1661 Unknown Impaired Unknown Unknown
1663 Another room? Impaired Escaping Unknown
1672 Intimate Impaired Irrational activity Chose wrong refuge
—went to bedroom
after setting fire
1725 Another room Too young to act [1 Unableto act None
year old]
1745 Intimate Physical limits of age Unknown Unknown
1746 Intimate Impaired, physica Sleeping or unable Incapacitated —
handicap to act rescued by neighbor
1748 Intimate Impaired Escaping None
1750 Same room Bedridden dueto Unknown — but Unknown
physical handicap moved to dining
room
1752 Same room Unknown Escaping None—madeit to
“near” back door
1760 Another room Adleep Sleeping None
1764 Intimate Physical handicap Unableto act Blocked by fire
[wheelchair]
1765 Same room Awake Unableto act? Unknown — child

stayed in bed after
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1D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape
setting fire there
1768 Same room Unknown Escaping Chose wrong refuge
—adult went to a
bedroom closet
After #1768, no fatal cases recorded except when victim activity included attempting rescue or
firefighting
1840 Same room Impaired [insulin for Firefighting —
diabetes] overcome by fire on
second trip to
bathroom for water
to fight fire
1875 Another room Adeep Firefighting — None
overcome by fire
while escaping after
breaking off fire
fighting
2511 Same room Adleep Rescuing, escaping | Chose wrong path —
—overcome during during escape, went
escape after rescue | to room of fire
attempt originto call 911
2514 Same room Impaired Firefighting — None
overcome while
moving away from
fire toward water in
kitchen
2515 Intimate Physical limits of age Fire fighting, Clothing on fire
escaping —

overcome by fireon
self while moving to
water in kitchen
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Table 20. Special FIDO Study — Non-fatal Injury Victims

success, spent time
infire zone

D # Fatal Victim Victim Condition at Victim Activity Condition
L ocation I gnition when Injured Preventing Escape
651-1 | Intimate or same Awake Escaping None
room
651-2 | Another room Asleep Escaping Blocked by fire —
dove out window
692 Another room Adleep Rescuing — None
Ove