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Mr. Dennis McFadden

Great Lakes Chemical Corporation
P. 0. Box 2200 - :
West Lafayette, IN 47906

o

Dear Mr.McFadden:

In response to your inquiry regarding the toxicity of the fire-
fighting chemicals Halon 1301 (bromotrifluoromethane) and Halon 1211
(bromochlorodifluoromethane), I would like to comment on both the
chemicals themselves and their Pyrolysis products. These observations
are based on the materials which you provided to me and those which I
have ready access to from my own files and library. ’

General Tbxicolggx.

The material from the Fire Protection Handbook of the National
Fire Protection Agency and that developed by the grouo at the Wright-
Patterson Air Force Base, as provided by ASP International, is quite
correct in pointing out that these two materials are much less lethal
in animals than many similar compounds such as carbon tetrachloride,
dibromodifluoromethane, methylbromide, etc. which appear in the list
of chemicals prohibited from use in fire extinguishers in Michigan.
The results clearly demonstrate that experimental animals can tolerate
over 800,000 ppm of Halon 1301 and 300,000 ppm of Halon 1211. Although
these data cannot be directly extrapolated to humans, they demonstrate
the safety of these agents in comparison with the other agents tested
including carbon dioxide which falls somewhere between the two.

Extrapolation of animal data to the human situation is difficult
with these or other agents. Nevertheless, a number of statements can
be made regarding the toxicity of these two Halons. First, it is
quite evident that they are not hepatotoxins as are some of the other
compounds such as carbon tetrachloride. The two chief worries then
are narcotizing or other effects on the central nervous system and
cardiac arrhythmias. The study supported by the Department of Energy
through the Nevada Operations Office indicates that inhalation of
Halon 1211 at concentrations of greater than 4 percent might lead to

ordinatiocn although they do not suggest that
Their comparisons with high levels of

Effects on the Heart in Experimental Animals.v

Concern about the possibility of the generation of cardiac
arrhythmias, especially under the conditions of the stress and
excitement associated with fire-fighting which would lead to high
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) 01-has a low order of toxicity and set a TLV -

umentation of Threshold Limit Values, 4th Ed. ACGIH, R
This was based on a number of studies similar to '

those cited above which indicated little likelihood of interference

S - with mental functions or production of cardiac arrhythmias at reason-

77 able concentrations. It should be noted that these values are concerned
with workers exposed eight hours per day for a working lifetime and
considerable latitude could be allowed for short, infrequent exposures.

deicitz of Pyrolysis Products.

Evidence indicates little or no production of the very toxic
pPhosgene as would be the hazard of considerable concern with carbon
tetrachloride. A study by Haun and co-workers (Amer. Ind. Hyg. Assoc.
J. 30, pp. 551-558, 1969) looked at the toxicity of the pyrolysis
products of Halon 1301 and found an LC50 value in rats of 2300 ppm.
They attributed this toxicity to the HF formed. The pyrolysis products
of this compound were much less toxic than those of bromochloromethane
whose pyrolysis products gave an LC50 of 465 ppm, again demonstrating
less toxicity for Halon 1301 compared to other halogenated methanes.

Because of the nature of the very highly controlled conditions of
the experiments where pyrolysis tends to be maximized, it 1s difficult
to make comparisons to conditions of use. The products of concern
are hydrogen chloride, hydrogen bromide and hydrogen fluoride. At
low concentrations, these chemicals cause irritation of the eyes and
respiratory system and at high concentrations can cause decreases in
pulmonary function and damage the lungs (Documentation of Threshold
Limit Values, 4th Ed., ACGIH, 1980). Thus, TLVs have been established
for HBr, HC1l and HF as 3 PPm, 5 ppm and 3 ppm, respectively. These
concentrations are readily detectible because of their irritant effects.
The documentation notes that the irritating nature of higher concen-
trations can be tolerated if need be if not prolonged. Furthermore,
Kane et al. (Amer. Ind. Bvg. Assoc, J. 28, pp. 207-223, 1575) suggested
from their studies on hydrogen chloride in mice that 30 PPmM was un-
comfortable but tolerable in man and that minimal or no effect would
be seen at 3 ppm. This was supported by their review of the literature
in which they reported that at 10 to 50 ppm HCl, work was difficult
but pessible and that at 10 ppm, work was undisturbed although
irritation was evident.

Sayers reported in 1973 (77th NFPA Annual Meeting) that a three
pound unit of Halon 1211 in putting out a fire generated ir a 2,500
cubic foot room generated only 2 ppm hydrogen chloride and hydrogen
bromide and 0.5 ppm hydrogen fluoride. As noted in the review
published in Informations Chimie Special Export (pp. 35-46, 1977),
higher concentrations have been measured for Halon 13¢1 but under
appropriate conditions of use, the levels would be expected to be in
range of three to five ppm. Thus while irritating, they would not
be expected to be especially harmful in terms of deficits in lung
function or lasting damage. :
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Yours truly,

%"“ (J) é»k .

By Gary P. Carlson, Ph. b.
‘Professor of Toxicology
Purdue University




B At this time Dr. Carison attended St. Bonaventure Univérsity in Olean, New York,
where he mjored in chemistry and minored in biology. Emphasis was also placed
on mathematics and liberal arts. In 1965 he graduated magna cum laude and
re::ived the American Institute of Chemists' awa-d as the outstanding chemistry

- ‘student. : ' :

1965-1969:

In 1965, Dr. Carlson began graduate studies at the University of Chicago as a
University fellow. From 1966 to 1969 he worked in the University of Chicago -
Toxicity Laboratory under the direction of Dr. Kenneth P. DuBois. His work on
the toxicology of pesticides led to the thesis “Studies on the Toxicity and
Mechanism of Action of Morestan® and to his receiving the Ph.D. in 1969. He
al:o cgnducted basic studies on the drug metabolism pathways involved in nitro-
reduction.

1969-1975:

In 1969, Dr. Carlson became an assistant professor in the Department of Pharmacology
and Toxicology at the University of Rhode Island. He was promoted to associate
professor in 1974. During this time period he was engaged in several area of
research in both pharmacology and toxicology, including:

-the identification of the pharmacological activity of materials of marine
origin

-studies on the mechanism of the biologically active marine compounds
-drug metabolism in invertebrates .

-the relationship between the metabolism of carbon tetrachloride and other
halogenated solvents and their heptotoxicity

-the influence of halogenated benzenes on xenobiotic metabolism

-the inhibition of ATPase by polychlorinated biphenyls

In 1975 Dr. Carlson accepted a position as Associate Professor of Toxicology in
the Department of Pharmacology and Toxicology in the School of Pharmacy and
Pharmacal Sciences at Purdue University. His research interests in the actions
of halogenated compounds, both aromatic and aliphatic, has been both extended and
expanded to include:

-structure-activity relationships in regard to halogenated benzene
induction of xenobiotic metabolism

-the influence of alterations in drug metabolism on the sensitization
of the heart to arrhythmias by chlorinated ivdrocarbons
-porphyric effects of halogenated benzenes

Or. Carlson's research in these areas has been supported by a variety of agencies,
including the Environmental Protection Agency, National Institute of Environmental
Health Sciences, National Institute of General Medical Sciences, Sea Grant, and
Water Resources.
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By weight, HALON 1301 is the most

- hand extinguishers, local application

- -Systems, and total flooding systems

‘(extinguishing systems which mix all of
the air in the given enclosure with the
extinguishant). While each method is

-effective and offers certain advantages.
for a given situation, total flooding

" “systems, using 1301 are espacially

~ - attractive because of their compe~t’

" storage volumes, low vision blockage,
lack of particulate residue, rapid mixing
with air, ready penetration of blocked or
baffled spaces, and the low toxicity of
the affected atmosphere.

The combination of HALON 1301’s
aftectiveness and iow toxicity became
apparent in 1948, and it has served as a
fire extinguishing sgent from that time
forth. Medical data and a considerable
body of experience show that HALON
1301 may be used safely in a wide
when recommended application
procedures are followed. These
situations include the protection of
computers and data processing
equipment; slectrical and electronic
equipment; file rooms; libraries,
museums and historic buildings;
chemical and physical laboratories;
hoods and giove boxes; aircraft engines,
cargo compartments and passenger
cabins; military vehicles such as tanks,
trucks, and personnel carriers;
conventional and nuciear power plants;
radioactive “caves” and hot cells;
marine engines and engine rooms;
racing cars and boats; and flammable
liquids and vapors.

This manual describes the properties of
GLCC HALON 1301 in :nore detaii.

== vailable. It is approximately equivalent .
. -0 sodium-base dry powder, somewhat



combustvon may contmue even after

- extended soaking. NFPA-12A defines

deep-seated tires as ones where
smoldering continues after 10 minutes

' h_._soaking with 5% HALON 1301. Deep-

useful in marine’ engine -
pllcallons and similar sennce

lNFPA Star dard. 12A - “Halogenated Fire -

Btonguu;hung ‘Agent Systems—HALON
1301." provides many design principles

.- and ‘procedures for HALON 1301
— ,systerns o :

3 lnguish most kinds of fires invoive -
‘risk-of harm to people who are
| for limited times. In addition,
“atmospheric chilling and. obscuring of
“vision are minimal in most applications.
~ The high dielectric strength of HALON

2 - Y S0T-and its lack of particulate minue
1 inake it an especially attractive

extinguishing agent around eiectrical
and electronic equipment. Where over
pressurization of an enclosure could
present a problem, the low volume of
discharge is attractive. Also, the cost of
a GLCC HALON 1301 based total

1YY
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those based on other agents.

A total flooding system releases a
predetermined amount of an
extinguishing agent into an enclosure
__and so.develops a uniform
extinguishing concentration throughout.
The size of ths enclosure and the
concentration needed in the particular
case determine that amount. The
concentration required depends on the
specific fuels (by definition: all
combustible materiais) invoived. A 5%
concentration ot GLCC HALON 1301
extinguishes flaming combustion of
most-fuels, but detinition of appropriate
concentrations for given fuels requires
testing. As a rule of thumb, discharging
one pound of GLCC HALON 1301 for
each 50 cubic feet of enclosed volume
will produce a 5% concentration. This
concentration is sufficient for most fuels
with a substantial safety factor; thus it is
considered a reasonable design
concentration for general applications.

e

Firas fueled by most flammable liquids

Uquuh and Gases—Class B

die quickly upon the flooding of the
surrounding atmosphere with fairly low
- concentration of GLCC HALON 1301.
There are two levels of 1301
concentrations to consider—one
adequate for extinguishig flames, the
other for inerting flammable mixtures of
the fuel and air. Flame extinguishing
concentrations apply to diffusion fla'nes

" and shouid not be used when an
. explosive mixture of fuel and air can

occur. When the situation exceeds
flame extinguishing limitations, or when
an explosive atmosphere might develop
before or after ignition, inerting
concentrations should be used. Inerting
concentrations prevent the ignition of
any concentration of tuel vapor. See
Table t tor GLCC HALON 1301 design
concentrations appropriate for flame
extinguishing and inerting with several
fuels.

Doasbisiible Matesisls....MNass A

Flms involving ordinary combustible
materials (inciuding wood, cloth, paper,
rubber, plastics) usually involve both
flaming combustion of gases vaporized
from the solid and surface combustion.
A 3% concentration of GLCC HALON
1301 readily extinguishes flaming
combustion of most Class A fuels.

The “soaking” (prolonged contact) in
the HALON 1301-air mixture that
follows flame extinguishing will
extinguish surface combustion of many
fuels, including most plastics. Stopping
the radiant heat feedback trom the
fiame to the solid effectively smothers
surface combustion and may prevent
the fire from becoming deep-seated. An
sutomated system which picks up early
decomposition through ionization
detection will provida early warning of
the presence of deep-seated fires and
prevent further flame spread.

-'seated combustion relates to the -
preservatior: of heat from smoldering
combustion which becomes well
insulated. from heat loss and depends
not only on the specific fuel but also on
its geometric configuration and burning

_ time before GLCC HALON 1301

ayplication. Thus, an_extinguishing
system which incorporates an early
detection function offers obvious and
important advantages.

Wherever the potential for deep-seated
combustion exists, the extinguishing
system must include provision for two
relatad e:lects: decompasition of the
agen! and rekindling of the fire after
dissipaticn of the agent. Limiting the
quantity of fuels with deep-seated
potential in an enclosed area provides
the best control of decomposition.
Appropriate manual or automatic
extinguishing effectively controls
rekindling hazards.

Live Electrical Equipment—Class C
GLCC HALON 1301 efiectively
extinguishes several types of electrical
equipment fires—especially those
involving computer and data processing
equipment. Tests show that a 5%
concentration of HALON 1301
extinguishes fires of fuels common to
computer rooms without detrimental
equipment.

Limitations

HALON 1301 is not effective in
preventing combustion or reaction of
chemicals capable of oxidation without
air (e.g., cellulose nitrate or
gunpowder); reactive metals (e.g..
sodium, potassium, magnesium,
titanium); metal hydrides; and chemicals
capabie of autothermal deccmposition
(e.g., orgaric peroxides or hydrazine).




GLCC HALON 1301 DESIGN CONCENTRATIONS REQUIRED FOR FLAME
EXTINGUISHMENT AND INERTING FOR VARIOUS FUELS IN AIR AT 1 ATM., 25°C

GLCC HALON 1301 Concentrations
per cent by volume

For**
Fuel inerting

Acetone X 7.6
Benzene X 5.0
Ethano! X 1.1
Ethylene 13.2
Methane X 7.7
n-Heptane X 6.9
Propane . 6.7

“Includes safety factor over ge experi i ishi and further increase to
a mini of 5% for desig iderations.

*"Includes 10% safety factor on experimental determi
Source: NFPA-12A




Aecprding to tho free- rqqircgl theory,

thermal decoqipoemp of HALON 1301

.- - hydrogen:in the ‘tuel produees hydrogen
"o o-bromide:

R-H+ B~ n‘+ HBr

~Then the hydrogen bromide reacts with
active hydroxy! radicals:

“HBr + OH"~ H,0 + Br®

The bromine radical is again free to
react with more fuel, so the process
. repsats and removes more active

Aooording to the ionic theory, elemental
- oxygen must absorb free electrons to
activate itself before it can react with a
fuel. The bromine atom on HALON 1301
presents a much larger taiget for the
“capture of electrons than the oxygen;
thus its presence reduces the likelihood
of oxygen activation.

In either theory, relatively small
quantities of the extinguishing agent
break the chain reaction of the fire.

This diagram is an artistic representation ~* the
fire triangle. The thm subparts show lradmonal
to fire

2P g he
breaking up the parts of the lower triangle

5 o0t which & oW

dimension in fire exti guishing.

Vg l “\. GLCC MNALON 1301




“The Physical Propemes of GLCC 7 ﬂALON 1301

~GLCC HALON 1301 is a low-boiling, __ Table Il

coloriess gas having high density and PHYSICAL PROPERTIES OF GLCC HALON 1301
low viscosity and is stored as a liquified
compressed gas. Table Il summarizes its GLCC HALON 1301
general physical properties. Chemical Formula, CBrF,

The basis for the vapor pressure, liquia Molecular weight, : 148.9
and vapor densities, liquid viscosity, and  Boiling point at atmospheric pressure, °F -71.935
liquid heat capacity values is direct °C . -57.75
measurement. Estimates from Freezing point, °oF ~270.0
generalized relationships determine the °C -168.0
vapor viscosity and liquid thermal —

conductivity values. Tables i and IV Critical temperature, °F 152.6
provide more detailed values of those c 67.0
properties of most interest in fire Critical pressure, psia 575.0
extinguishing applications. atm 39.6

Critical density, Ibs/cu ft 46.5
kg/m? 745.0

Density at 70°F, liquid, Ibs/gai 131
ibs/cu ft 98.0

grams/cc 1.57

vapor sat'd, Ibs/cu ft 7.49

grams/cc 0.12

Heat of vaporization, btu/lb 51.08
@ boiling point, kj/kg 118.8
Surface tension of liquid, dynes/cm
@ 77°F 4.0
@ 40°F 6.5
@ O°F 9.7

Table I

HEAT CAPACITY AND THERMAL CONDUCTIVITY OF
LIQUID GLCC HALON 1301

Estimated
Haat “me-,- Thermar cﬁﬁﬁ"u‘;lmli

Capacl
Btu/Ib/°F Btu-ft/hr-°F-f12

0.166 0.041
0.170 0.038
0.176 0.035
0.182 0.032
0.189 0.029
0.198 0.026
0.211 0.023
0.228 0.020
0.257 0.017
0.350 0.013




(critical)




Liquid GLCC HALON 130 i3 miscible
in mary organic solvents though its
solub.ity is greatest in - ~mncunds of
like chemicei structuie ar-d iexst with
those wnose sirusture and! r-operties
differ from it. Tabie ¥ shows the
solubility of : 'ALON 130° vapor in
various solvents. Cf course, both
temperature and pressurs irflusice
solubility.

Table V
SOLUBILITY OF VAPORIZED GLCC HALON 1307 IN VARIOUS
LIQUIDS AT ATMOSPHER) PRESSURE AKD 77°F
GLCC :IALON 1301 in Sohstion,
Per Cant by Weight

Solvent

1n_-Haptane 6.3
Acetone 4.8
Toluene 41
Methano! 37
Wiite Oil (£vg. M. W. 225) 3.1
Mater 033

The same hoics Jor the sclubifity of
GLCC H~ 0N 1301 in waier, carbon
dicxide, anc nitrogen, wiich foilow
well-known saramsters. For zxample,
the soludility of HALON 120" in water at
77°F and a prescure of 100 psia is
0.0017 gram of HALONn 301 for 2acn cu

——— -

of water. At 7C°F the soiubiiity of wainr
in liquid HALCN 1301 is 83 ppri.
Similarly, Raoult's Law cainuiales the
solubility of carbon dioxidc in ligaid
GLCC HALCN 1301 to be abuut 3015
mole percent at room tempera:ure and
300 psig pressure. Aithough ti.e
solubility of nitrogen is low in liguid
HALON 1301, its solubility
characteristics will markediy affe-t totai
container pressure when nitrogen is
used as a pressurizing gas for HALON
1301. As with most gases, its soli'iility

REQUIREMENTS FOR .ALON 1201 (BROMOTRIFLUOROMETHANE)
SPE/IFICTIOR MIL-M-122i38

Propery '

Bromotriflucromeathane, moi> e -went minimum

Chlorotrithooroms.nane trifflusromatnana, diflucrodichloromethane,
cnlorodinuor.. sethare, tetraflucre, T2thane, mole percent maximum

B:omodif .oromethane, mele perc.nt maximum
Dibromodiflunromethane, male percent maximum

ixed gases in vapor pnasa percent by volume maximum
Moisture in liquid phase, percent by we:.ght maximum

High be.'ing resid-.2, uercant by volume

HF, HBr. halor- « any wder z.ics, meie percent maximum

in liquid HALCN 1301 increases win
increasing pressure; but its scl.:bilitv
decrsases witn increasing temperatures
up to 40°F ard then increasss =s the
critical temperature of 152°F ig
approachzc’. This interactio- of
pressure and temperat.-c 3t e
solubility of nitrogen can ! : calcuized
using tive Henry's Law Co!.stani.

Suspended matie/, m mum




__aGLCC HALON 1301 system provides

. 's: Laboratories, based.-on -
) animal exposures, classifies HALON
© . 1301.in Group 6..the least toxic
“classification-in those studies. Table Vi
explains the UL rating system. Of ali the
gaseous extinguishing agents which UL

s safer il‘ it can be applied at An - tested, only HALON 1301 qualifies for

y stage of combustion when the fire- -~ Group 6. Also, the U.S. Army Chemical
sually smaller,.not. yet deep-seated

-Center has-produced data which

—-correlate closely-with-the UL
classifications. According to the Army
study, the approximate lethal
concentration; ALC (this-term,
commonly used to describe a
compound’s toxicity, refers to the
lowest concentration which is lethal to
one or more of a group of test animals
exposed for a given time), for HALON
1301 in 15 minute exposures to rats is
834,000 ppm (83.4%) by volume. Table
Vil compares that ALC value with those
of several other gaseous extinguishing
agents.

vith-which hand portable

weight advantlga of GLCC HALON
~ 1307, extmguishers can save precious
seconds in"beginning tc mack afire.

in lucomnk: systems, the detectors
determine the stage at which the attack
on the fire begins. The ionization
detection alerm which can be used with
~the oplimu: 1 in rapid sensing thus
enabling agent discharge at an early

- sombustion stage. The agent discharge
should be as rapid as possible. Besides
extinguishing the fire more quickly, thus
reducing fire damage and the quantity

- -of toxic.combustion products, rapid. - -
discharge will lower the axtent of agent
dacomposition. Typical discharge times
“of systems using GLCC HALON 1301
rarge from less than one second for
flammable gases or highly volatile
liquids up to 30 seconds for siower
burning fuels.

CC HALON 1301 quickly
extinguishes fires involving most
combustible materials, at concentrations
of 7% or less, its vapor presents littie or
no danger to people. Furthermore,
according to medical tests, people may
inhale these concentrations for up to-5
minutes without risk of cardiac or
harmful central nervous system effects.

Studies of HALON 1301 with regard to
cardiac sensitization suggest that
exposure according to the above
guidelines does not increase the risk of
cardiac arrythmia. However, high 1301
concentrations, if combined with high
adrenaline levels, may affect human
cardiac rhythm. Given related test
results, exposures to concentrations
greater than 10% may pose a risk to
some people and should be avoided in
normally occupied areas. Thus,
advenaline should not be used to treat
HALON 1301 overexposure.

‘A qullihed fire protoction engineer
should coordinate selection of proper
detectors and agent discharge rate after
a thorough study of the individual
situation.

ON1301 .
HALON 1301, upon exposure to

“flames or urfaces hotter than 950°F,

poses to form,-primarily, - -
hydrogen bromide (HBr) and-hydrogen

‘fluoride (I-éF') Trace quantities of

rbonyl halides

(Br;)
- (carbonyl tluoride, COF,, and carbonyl

bromide, COBr,) may occur, but in
quantities too small to be of concern.

~=With most automatic extinguishing

systems using GLCC HALON 1301, the

-concentrations -of HF and HBr remain
"below 20 ppm and are usually barely
detectable to the nose.

The primary effect of the decomposition
products of HALON 1301 is irritation.
They emit a sharp, acrid odor which,
even in low concentrations, provides a
built-in warning system—unlike such
odorless agents as CO.. In fact, the
irritation becomes severe well before

- there are really hazardous levels. After

exposure to nonlethal ievels of
decomposed HALON 1301, test animals
seem to recover completely, and the
effects of exposure appear
noncumulative.

Obviously, the amount of HALON 1301
which decomposes in a given fire
depends on the kind of fuel, the size of
the fire, the nature of the enclosure, and
the speed of discharge. Tabie VIiI
presents some representative test
resuits. Aggin, the importance of early
detection and rapid agent delivery.
which lead to rapid extinguishing of the
fire, cannot be overemphasized. That,
more than anything else, produces a
safe post-fire atmosphere.




Tabie Vi

The study of fire toxicology rz s the
question whether the toxicity arising

UNDERWR!TERS' LABORATORIES' CLASSIFICATION OF COMPARATIVE LIFE
HAZARD OF FIRE EXTINGUISHING AGENTS

from the decomposition of the

Group  Definition

Examples

extinguishing agent presents a greater
hazard than the toxicity due to the fire 6

combustion products. How dangerous (least
the fire combustion products are toxic)
depends on the location, the kind of

Gases or vapors which in concentrations up
to at least 20 per cent by volume for durations

of exposure of the order of 2 hours do not appear

to produce injury.

Halon 1301

fuel, the availability of air, and the 5
length of time people are exposed to
the tire. Must fires form carbon
monoxide, an odoriess and coloriess
gas fatal to humans in concentrations
above 1.5% (15,000 ppm). It is present
in every fire, though the largest

Gases or vapors much less toxic than Group 4
but more toxic than Group 6. g

Dibromotetra-
fluoroethane
(Halon 2402)

Bromochlorodi-
fluoromethane
(Halon 1211)

Carbon dioxide

quantities occur in cases of incomplete
combustion. In generai, the
decomposition products of the fire
itself—-smoke, heat, oxygen depletion,
and especially carbon monoxide—pose
greater danger than do the

Gases or vapors which in concentrations of
the order of 2 to 2, per cent for durations of
exposure of the order of 2 hours are lethal or
produce serious injury.

Dibromodifluoro-
methane (Halon
1202)

Methy! Chioride
(Halon 101)

decomposition products of GLCC
HALON 1301.

This discussion, however, should not be

Gases or vapors which in concentrations of
the order of 2 to 2'. per cent for durations of
exposure of the order of 1 hour are lethal or
produce sericus injury.

Bromochioromethane
(Halon 1011)

Carbon tetra-
chioride (Halon 114)

taken to minimize the potential hazards
of the decomposition products of

HALON 1301. Rather, it intends to
demonstrate the importance of

Gases or vapors which in concentrations of
the order of 2 to 1 per cent for durations of
exposure of the order of 2 hour are lethal or
produce serious injury.

Methyl bremide
(Haton 1001)

choosing a fire extinguishing agent with
the lowest possible toxicity relative to
its ease of handiing and its effectiveness
and reliability.

Source: NFPA 12A

Table Vil
U.S. ARMY CHEMICAL CENTER FINDINGS COMPARED TO

UNDERWRITERS' LABORATORIES' CLASSIFICATIONS

Material

U.S. Army Chemical Center
Approximate Lethal

ol * Y W ey

Smsn smsnon Smas ool @
WIWTIWG TN MWV WUy TUT.

Formula Undecomposed

Decomposed

Halon 1301

CBrF, 834,000 ppm

14,000 ppm

Carbon Dioxide

CO, 657,000

Bromochloromethane CH,BrClI

65,200"

4,180

Carbon Tetrachloride CCl,

28,600

320

Carbon Monoxide

co 15,000

Methyl Bromide

CH,Br 5,900

9,600

to rats for 15 minutes’ exposure.

“A.ppr

te Lethal C

*Another report (ind. Hyg. and Occupational Med. 7 157, Feb. 1953) indicates that a concentration of 29,000
ppm is iett:ai to rats after 15 minutes’ exposure.

Table VI
DEEP-SEATED TEST FIRE INDICATED ONLY MODERATE LEVELS OF
DECOMPOSITION PRODUCTS USING TRASHBASKET-SIZE FIRE IN

AVERAGE ROOM.

Sampling Time

Mean Concentration, ppri vol.

HBr HF

1
10
20
30

16 9
17 11
9 8
10 10

Conditions: 5 Ibs. mixed paper (sheets, cards, and tape) in 18" x 30" open wirs basket

50% by weight preburn

1729 cu. ft. enciosure volume

5.1% Halon 1301 concentration

2 second discharge time

Sampling times are minutes after completion of discharge.







The Effect of GLCC HALON 1301 on Construction Materials
Metals Table IX

Laboratory tests show that GLCC CORROSION OF COMMON METALS NEGLIGIBLE IN HALON 1301
HALON 1301 does not adversely affect (Exposure at 2 Moisture Levels for 44 Months)

any metals commonly used in fire

extinguishers or automatic total Moishuwe Peneiration Rate

flooding systems because the presence o e’ Mete Aftor Test
of the fiuorine atom in a molecule ( ) Appearance

generally reduces its chemical reactivity Aluminum 2 0.09 +0.06 Unchanged
and corrosiveness while increasing its 1100 72 0.1 1+0.06 Unchanged

stability. Aluminum 2 22 10.06 Unchanged

The tests invoived ten types of metal. 2024 1.5 #0.06 Unchanged
HALON 1301 and test strips of the Aluminum 23 +0.07 Unchanged
metais were sealed in glass tubes and 6061 0.3 +0.07 Unchanged

2500 -]
::gerdo:;‘tfg' eratures of . 130-' Yeliow 0.01 +0.02 Entire strip is very slightly tarnished
Y perature. Samples which 8 002° 1002 A moderat ber of tty-black stai
contained 2 ppm moisture represented rass - : mocerate number of spotty-black stains
commercial material while samples Magnesium 4.1 10.09 Very slight spotty tarnish in the vapor phase
which contained 72 ppm moisture AZ-91C 3.4 +0.09 Very slight spotty tarnish in the vapor phase
represented a 75% saturation leval in 1020CR 0.05° 2002 Unchan
t -0. +0. ged
HALON 1301. Table IX summarizes Steel 0.01 +0.02 Rust observed in vapor phase

those tests.

Type 1.1 +0.92 Unchanged
In examining results, researchers found 302 /3 -0.01* +0.02 Unchanged
that the samples of stainless steel, Type 08 1002 Unchanged
aluminum, commercial titanium, and 331 §/S 2 0.1 Unchanged (1 yr. test
titanium A110 AT had not undergone . . ged (1 yr. test)
changes in appearance. The steel had Commercial +0.2  Unchanged (1 yr. test)
rusted slightly under saturation, and Titanium 0.1 1+0.05 Unchanged

the brass and magnesium samples —

showed spotty tarnish. Other tests show Iﬁg':{}.‘ ;3 igx 3222:2923
that copper is not affected by HALON . - g
1301. Thus, all of these metals are “Negative p i i a weight gain of test strip.
acceptable in systems using GLCC

HALON 1301.

Stability Tests at High Temperatures
Tests with three kinds of steel at
temperatures of 600° determined the
Stabiiity, and efiect on meiais, of
HALON 1301 in the kind of high
temperature situation that aircraft
engine protection systems must handie.
inconel is safest for use with HALON
1301 both with regard to decomposition
of the agent and corrosion of the metal.
Stainless steel 316 and mild steel follow.

Most halocarbons tend to react violently
with such highly reactive materials as
the alkali and alkaline earth metals,
sodium, potassium and barium in their
free metallic state—especially when
those materials are finely ground or
powdered, in which case even
magnesium and aluminum may reaci
with fluorocarbons especially at higher
temperatures. It seems best to avoid
contact between such highly reactive
materials and fluorocarbons until there
has been careful study and definition of
appropriate safety precautions.




‘Polyviny :
~“Saraloy” copolymer basedon vinyhdena chlonde

" “Saran” polyvinylidene chlonde

- “Alathon” polyethylene ream
Cellulose acetate :

- “Lucite” acrylic resin

- “Teflon" tetrafluoroethyiene resin
. Cellulose acetate/butyrate

Ethyl cellulose

" “Alathon” linear polyethylene

>000DTO>>>>>>>>>>

Condition of Test Sampie

- a=—Crazed slightly after removal from the liquid. b—Softensd and warped.
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wble 162D thows s compuiisomof
3 incleded in NFPA 12A and 12B.
Thes on # melght-of-apen basis, both

T or P of Agunt Required

voownne]

i

Standards 12A and 128, and
belore appesring in future editions

§

Seen accepted in the repective NFPA Standards.

D, Toxie and kritant Eftects
_ o N i S -

Originally rated 4 B:C by.UL unth ths reting wea dropped.




| Tble 102, Aopresimete Lotel Concerstons fo 18-min Exposers S0 Vepors of Various Fiy -

_in Parts Per Million

Nanwsl Vepor

CF3Br
CF,CIBr
co,
" CH4CIBr
i C3F4Bry
Carbon tetrachioride CCly
Methy! bromide CH;8r

832.000
324,000
658.000
64.000
85,000
126.000
104 28.000
1001 5.900

1301
n
1202
mon
2402

* Based on tests with white rats by the Medical Laboratories, U.S.
Army Chemica! Center.

1 Subsequent tests by Kettering Laboratory of the University of
Cincinnati (unpublished data) with a commercial Halon 1301 of
improved quality indicated that the lethal concentration of decomposed
vapor is at least 20,000 ppm. Other tests have given the ALC (Approx-

1301 and 1211 to be 83 percent and 32 percent by volume,
respectively. The ALC for decomposed vapors of these agents
is also shown.’ -
Ammalsexposedtocummmbelowlethallevelsex—
hibit two distinct types of toxic effects: (1) central nervous
systanchangs.mchasumrs convulsions, lethargy, and
unconsciousaness at high aizborne concentrations (above 30

percent by volume for Halon 1301 and 10 percent for Halon
1211); and (2) cardiovascular effects including hypotension,
decreased heart rate, and occasional cardiac arrythmias (lack
of rhythm in the heartbeat), from tirborne concentrations of
approximately 10 percent for Halon 1301° and 4 to § percent
for Halon 1211.° Effects are transitory and disappear rapidly

after exposure.

Cardiovascular -ffects on animals include changes in blood
pressure, heart rate, and picduction of spontancous cardiac
arthythmias at concentrations adove 14 percent Halon 1301
and 4 to S percent Halon 1211. No significant adverse health
effects have been reported from the w* of Halon 1301 or 1211
as a fire extinguishant since their .ntroduction into the
marketplace 25 years ago.

Human exposures to both Halo:: 130i and to Halon 1211
have shown that Halon 1301 concentrations up to about 7 per-
cent by volume, and Halon 1211 concentrations of 2 to 3 per-
cent by volume, have little noticeable effect on the subject. At
Halon 1301 concentrations between 7 and 10 percer* (Halon
1211 concentrations between 3 and 4 percent), subjects ex-
pumddmmdnnglmgofthem indicating
mild anesthesia. At Halon 1301 concentrations above 10 per-
cent (Halon 1211 concentrations above 4 to 5 percent) the diz-
ziness becomes pronounced, the subjects feel as if they will
lose coasciousness (| none have), and physical and
mental dexterity is reduced.®'*-*-**** In human subjects expos-
ed to 7 percent Halon 1301 for periods up to 30 min, the ef-
fects appeared within the first $ to 10 min of exposure, remain-
dmtmwmmofﬂumum.then
disappeared quickly after exposures were stopped.'’

Receatly, Halon 1301 has been tested for potential
mnﬂl«md’fem,lnnnommobm

AmumennadnnnleehmgsmtbeDNA
structure of a cell. A standardized test, calied the Ames test or
assay, performed on a special strain of salmonella bacteria,
provides a preliminary indication that a chemical may be a
mutagen and possibly a carcinogen in humans. A high propor-

imate Lethal Concentration) value of Halon 1301 decomposmo.
products as low as 2,500 ppm. The variance is based on differn

snalytical
$ This figure does not agres with manufacturer's data on the:-
product.

tion of known carcinogens do exhibit mutagenic activity in the
Ames assay. Halon 1301 colmtratnonsuptowpercemh
volume did nct exhibit mutagenic activity in this test.”

A teratogen is a chemicai wiiich causes permanent structura)
or functional alteration of the normal processes of fetal
development. Pregnant female rats were exposed (by inhala-
tion) to 5 percent by volume Halon 1301. No evidence of
teratogenic or embryotoxic (growth retardation or death of the
fetus) effects was seen in their offspring.?

From the extensive medical data now availabie, the foliow-
ing guidelines have been produced (see Table 18-2F) for use of
Halon 1301 and 1211 in total flooding fire extinguishing

systems.

Table 18-2F. Permitted Exposure Times to

Halon 1301 and Halon 1211

Concentation Permitted Time
Percent by Volume of Exposure

15 min

1 min

30 sec
Prevent exposurc

Upto7
7-10
10-15
Above 15
Upto4d 5 min
45 1 min
Apbove 5 Prevent exposure

Halon 1301

Halon 1211

NFPA 12A permits Halon 1301 design concentration up 0
10 percent in normally occupied areas, and up to 15 percent in
areas noi normally occupied. Because the required e\
tinguishing concentration of Halon 1211 is near or above its
limit for safe exposures, Halon 1211 systems are not recogniz-
ed in NFPA 12B for normally occupied areas.

€. Decomposition Products of Halons

Consideration of the life safety of halogeraied agents mus
also include the effecis of breakdown products, which have 2
relatively higher toxicity. Decomposition of halogenated
agents takes place on cxposure to flame, or to surfact
temperatures 2bove approximately 900°F. In the presence of
available hydrogen (from water vapor or the combusion pre-
cess itself) the main decomposition preducts of Halon 1301 3%




Producc Obuimd from Extingulshmg 25sqft
o n-l'llm Fires with Halon 11
Cotunmon of Breakdown Products—ppm by Volume

- Teatll

: HF
... Clg.+ Brp -
" Coth

'mumm
tumumo.:sm

m.ﬂummme.mkisuw
to the uee of Halon 1301 or Halon 1211 whenusedmm
wse of these agents. )

_ F. Application Systems
Am%hanﬂhwmm

- “primarily in that the agent discharpe stream is not directed by a -

person. The discharge stream or pattern is usually determined
,hm-hm&mdumuthedm
rate or both, and the aumber and types of nozzles provided. A
Systam consists of a supply of agent, & means for releasing or
the agent from its container, and one or more

scharge Roszles to apply the agent into the harard or directly

mu-ﬁmmmmamu




g 2 publication by Cardox, Div. of Chemetron Corporation.”,

‘% Maintonance of Halogonniod Agont Systomns

$1 Unies
mfolowinconvenionhnmmdvmaamvm
:hmmﬂuﬁmmmmhmm.
= 0.99m?
= 25.400 mm
= 0305m

0.45¢ kg

i
{
|

E 1psi 6.895 kPa
. %)
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HALON 1301 (BROMOTRIFLUORCMETHANE) |

" B. 1. du Pont de Nemours & Company

Halon 1301, bromotrifluoromethane, has been established as an
‘excellent fire extinguishing agent. It has been used in portable ex-
tinguishers by the U.S. Army since 1959 and a portable extinguisher con-
taining Halon 1301 has been listed by Underwriters' Laboratories, Inc.
(1) since 1961. Currently, Halon 1301 is finding its widest use in total

=, flooding systems,

Toxicity studies with Halon 1301 show that it is one of the safest
~ of the halogenated fire extinguishing agents. 1In evaluating the toxicology
of fire extinguishing agents, three factors must be considered:

toxicity of the undecomposed agent,

Toxicity of the thermal decomposition
products of the agent, and

toxicity of the common products of com-
bustion from the fire.

first factor, namely, the toxicity of undecomposed or natural Halon 1301.
The toxicology of Halon 1301 has been studied extensively by numerous
laboratories and includes both animal and humasn inhalation studies.

ANIMAL STUDIES

The original toxicological studies on Halon 1301 were carried out
in 1950 by Chambers and Krackow (2), Comstock et al. (3), and MacNamee
(4) at the U.S. Army Chemical Center. They determined the approximate
lethal concentration (ALC) of various fire extinguishing agents and
found the ALC for Halon 1301 in rats to be 83.2 percent in air for a
15-minute exposure. Although there was evidence of edema and hemor-
rhage of the lungs, death probably resulted from oxygen deficiency.

This low order of acute toxicity was confirmed by Dufour (5) at
Underwriters' Laboratories in tests which involved four halogenated

fire extinguishing agents. Guinea pigs exposed to concentrations of up
to 20 percent Halon 1301 for two hours showed no significant toxic ef-
fect. On the basis of these Aats, Underwritera' classified Halon 1301
in Group 6 (least toxic) in their classification of life haszerds.




Imals appeared normal
showed no evidence of

. (8)_conducted a chronic study in which rats and.

hours daily, five days per week for 18 weeks to

No clinical signs of toxicity were observed.
vidence of some diffuse ‘congestion throughout the

)Xy trac bt ‘o ‘other noteworthy tissue changes.

oint, -the primary. toxicological action ascribed to
-effect upon the central nervous system. However,
istic of many halogenated and unsubstituted hydrocarbons,
would be expected to sensitize the heart to the effects of
> with the production of cardiac arrhythmias. These arrhyth-
sently ventricular in origin and may result in sudden

veral investigators have studied this aspect of Halon 1301

oo At the Hine Laboratories (9), mongrel dogs were exposed to

-~ Halom 1301 concentrations ranging from 10 to 40 percent for intervals
“~of 'less than oné hour after & fright-producing situation. The purpose

“of this experiment was to ascertain whether endogenously released epin-

: ~—ephrine would cause ventricular fibrillation. No fatal arrhythmias oc-

curred although central nervous system effects and shortness of breath
were observ:3d at the higher concentrations. Since the electrocardio-

- gtaphic activities of the dogs were not measured, it is not known whether
~_any arrhythmiss were produced. . In some of the experiments, the dogs

~ were exposed to a combination of Halon 1301 and 10 percent carbon diox-

~ ide,but, as sbove, no fatal arrhythmias occurred.

.7 Van Stee and Back (10) exposed both unanesthetized and anesthe- o
tized dogs and monkeys to 10 to 80 percent Halon 1301. Most of the am-
-~ imals developed spontanecus cardiac arrhythmias within oné to three min-
'~ utes of exposure to 40 percent or more Halon 1301 but no particular. con-

~ sistency of response could be ascertained. The typical arrhythmic -




with the i.nttm injection of

r m«, 5 to 10 yg/kg, casused ventri-
‘Monkeys receiving the

,,Mdur doses u. ephuphriu ‘were observed to have brief episodes of ven-
‘tricular fibrillation but no deaths c¢:curred. -Epileptiform coavulsioas
wers seen in about 50 percent of the unsmesthetized dogs exposed to 50
to 80 percent Halon 1301. Unamesthetized monkeys, on the other hand, be-
came lethargic and no convulsions were seen. Most animals exposed to
Halon 1301 while anesthetised with sodium pentobarbital exhibited an in-
itial decrease in mean arterial blood pressure of 10 to 60 mm Hg depend-
ing on the concemtration of Halom 1301.

These same investigators (11) also reported that anesthetized
dogs shovwed a steady drop in mean arterial blood pressure and a signi-
ficant fall in heart rate during exposure to 70 percent Halon 1301.
Open-chested monkeys and dogs exposed to 80 percent of the agent showed
a fall in systolic pressure accompanied by a slight rise in left ven-
tricular and diastolic pressure. The authors reason that the hypcen-
sion observed with exposure to Halon 1301 results from a decrease in
total peripheral vascular resistance and decreased myocardial
contractility.

- In experiments conducted to examine the characteristics of the
cardiac arrthythmias which, as previously reported, often appeared spon-

taneously during exposure of monkeys to Halon 1301, Van Stee and Back

(12) found that a minimal blood pressure threshold is required for their
production and that the individual susceptibility to the spontaneous oc-
currence of arrhythmias is the result of differences in individual abil-
ity to maintain blood pressure during exposure to Halon 1301. These

findings suggest that a hypertensive individual might be expected to de-
velop arrhythmias more readily than a normo~ or hypotensive one. Acido-

sis and epinephrine were found to decrease the blood pressure threshold
maauirad o P-(QQA, A,!-huflm(n

Ll St —_——
Reinhardt (13) has conducted studies in which unanesthetized dogs

were exposed to either 5, 7.5, 10, 15, or 20 percent Halon 1301 for five

minutes and then given an intravenous injection of 8 to 10 4g/kg epi-

. nephrine. No significant cardiac arrhythmias developed at the 5 percent

level, However, at the four highest concentrations, serious arrhyth-

mias, either multiple consecutive ventricular beats or ventricular fi-

brillation, were observed. The percentage of responses increased with

increasing concentration of Halon 1301. One death occurred at the 10

percent level while two animals died at the 20 percent concentration.

In no instance were any cardiac abnormalities noted when the animals

were exposed to Halon 1301 without the injection of epinephrine. The

: results are summarized in Table 1,

o In another series of experiments, Van Stee and Back (14) exposed
rats up to five minutes to 70 to 75 percemt Halon 1301 to determine the
accumulation and diminution of this material in the brain, heart, and
blood. Tissue samples were collected within 30 seconds after termina-
tion of each of the 1-, 2~, 3-, 4-, and S5-minute exposures or serially
during the 55-minute period following the five-minute exposures. The

69




Iy oceuphd by man, llmver. since the con-
on 1301 rquired to: extinguish most fires is of the
-of " to percent, it was considered necessary to determine pre=-
the: £ ﬂlue nd no-n\lhat higher eoneentrationl of

Clark "(15); !wiil;bjéétl to various conceatrations of Halom 1301
of a ftu tl-k “Exposure to 6 percent of the agent for three
: N , and very slight disziness. There was

lllbjeet to teu.nntc the cxpotun "after two minutes.
“incresse in heart rate but no arrhythmia. Exposures
hi;hut concentrations (10, 12, and 15 percent) lasted only
the 10 porcn: lcvo‘l, nl;ht dtninu and -ught pam-

: J Y
1 ,lubjoeu felt tlnt eonthud oxponu ewld have been tohr-
: ‘and 15 psrcent concentraticns, there were paresthesias
and ,un dm All. tubjneu showed an. ineumd heart rate snd.




to five misutes after tame-

Stopps (16) aleo conducted ‘8 series of husan €Xpo=
_exposed twice each, in sequence to concentrations

, B pel - 1301, Each jure lasted approxi-
mately 3 to 3 " XPOSU: suring 2-1/2 x 3 X 5
“feet was useds The d & entrations inside the chamber
‘were achieved within + 1/2 percent 30 seconds after the release of

Halon 1301 directly into the top of the chamber.

] Electrocardiograms peri.odically befcere and continuously dur-
ing each exposure showed no of the subjects. A force
1e reaction time
ects of the
res on the subjects. £ these two tests were not con-
clusive but suggested 8 slight disturbance in balance and reaction time,
especially at the 7 and 10 percent levels of exposure.

. All three subjects noted a characteristic subjective jmpression,
independently described by each as a feeling of light-headedness, a feel-
ing similar to having a couple of vgeiff drinks,” or as the sensation ex-
petiulco’d just prior to unconsciousness when being given 2 general an-
esthetic. At the 7 percent level this sensation came on rapidly and then
remained at 3 constant intensity until the exposure ended when it quickly
At the 10 percent level, however, the sensation increased
throughout the exposure and all three subjects felt that continued ex-
posure might have induced unconsciousness. At the 10 percent concentra-
each subject poticed a slight disturbance in his ability to re-
d to the visual stimulus of the reaction time device as shown by the
fact that greater effort and concentration were required to make the
respouse.

The Hine Laboratorics T4 ) ewnogsed 10 men, under static conditions,
to 5 and 10 percent Halon 1301, In addition, the same subjects were ex-
posed, under dynsmic conditions using a Heidbrink: anesthetic inhalator,
to concentrations ranging from 5 to 17 percent.

_ The static exposures lasted 20 to 25 minutes and were conducted
in a cubicle exposure chamber with an 8064-1iter capacity. A battery of
tests for mental alertness end musculs

the exposures: an sdjective

mental and emotional atate, & modified Romberg test for eveluation of

- balance, 3 finger-to-finger test, 3 pursuit rotor test, and a reaction
time test using three different colored lights and levers. The results
of these tests at the 1 were judged to indicate overall
improvement in one subject, B0 significant changes in two, and a de-
crease in performance in the fourth subject; the general evaluation was
that some subjects showed & minimal decrea’ in judgment and skill. At
the 10 percent level, there W al decrease in judgment, alert-
ness, and peuromuscular skill. and steadiness vas not scored,
the Mase tests were revealing in that the dr

regular in all subjects at the 10 percent level in contrast

lines drewm in the control runs. The self-appraisal from the descriptive




: per
¢ to Halon 1301 36 hours htor resulted
7 cha acterized by flattening of T waves, premature
g bigeminy, A-V dissociation with mo pace-

. arious foci. 7Two other subjccu showed
ive of the tem rudinn ‘taken after exposure to 8.2 per-
percent Halon 1301. In one case, changes were described as
ng of the T wave on two occasions. In the other case, flatten-
of the T wave occurred on one occasion and increased sinus archyth-
occurred on two other occasions. (This last ‘subject vas noted to

itial pattern of varying T waves.) The overall tendency was
| increased pulse and lowered blood pressure but considerable
-existed, -Little, if any, cardiovascular effect was moted in

those instances where the amount of inspired carbon dioxide was increased.

mu-. sad follwin; mre, two of the uubjectn reported head-

'lehu ‘which in one case persisted for 12 hours, but otherwise recovery

~ 'was prompt. ‘The investigstors concluded that Stage I anesthesia occurs
.at 12 to 13 percent concentrations of Halon 1301 and Stage II anesthesia
- would be reached at approximately 20 percent Halom 1301,

, ' m uperh;ntt ohond two principal toxic actions of Halon 1301:
1) lt!.-lllt:lon or depression of the central nervous system with effects
_ranging from tremors and convulsions to lethargy and uncongciousness, and

' ._2) cardiovascular effects including hypotension, decreased heart rate,

: and cardisc arrhythmias, Variations in both the nature and itensity of
_ these actions uxisted both betweer species and at different concentra-
tioas of Halom 1301, , ,

- !lpnrhnnt. involving mmm . elat:lﬁul the nature of these turget
L .ettui. The central nervous syatem affects are characteristic of those
" produced by a wesk general mmesthetic. Yo date, a state of unconsciouse

mt ‘has not ban !mhnd in-wm; either experimsntally or during the use’

‘of Ralon 1301, ' to coucentraticns up to 17 percent, the sub- .
jcetc were atwn mfﬁetu:ly m of their nnetlm to uqnut ' o




‘subjects after ces
cating qﬂ paot-upocm citame ‘of m«:& 139t -from- the brain -

; m-n mbjecu expo“d to Halon 1301 have shown botb an mcreue
sd decrease in blood pressure and heart rate as well. The appareat in-
trinsic pharmacological tendency of this agent to induce hypotension is
undoubtedly modified in many instances by endogenous epinephrine re-
leased in response to stimulation of the central nervous system. In ad-
dition, human subjects have developed spontaneous electrocardiographic
changes including one instance of a definite cardiac arrhythmia when ex-
posed to relatively high concentrations of Halon 1301.

The data supplied by three separate human studies indicate that
concentrations of Halon 1301 exceeding 10 percent may prodice definite
cardiac and central nervous system effects and that concentrations of
‘the order of 15 to 20 percent may lead to unconsciousness and conceivably
death. On the other hand, no cardiac effects and only negligible central
nervous system effects would be expected to occur at concentrations not
exceeding 7 percent Halon 1301 for exposures five minutes or less in
duration. No significant adverse health effects have been reported from
Halon 1301 in more than 10 years of practical use as a fire extinguishant.

On the basis of the toxicity data presently available, it is con-
cluded that Halon 1301 is safe for use in total flooding systems where
personnel are normally present provided the concentrations and condi-
tions of egress conform to those prescribed in the National Fire
Protection Association 12A standard on Halogenated Fire Extinguishing
Agent Systems - Halon 1301 (17). Currently, Halou 1301 is not recom-
mended for use as an inerting agent in normally occupied areas.

In conclusion, it must be emphasized that some degree of risk is
generally attendant upon the use of chemical extinguishing agents, and
Halon 1301 is no exception. It does have toxic properties which could
be dangerous under certain circumstances. However, the toxicity of the
agent must be put in peupect:lve, and any risk must be balanced against

Al . % .. _ £ -t . -l 1t mun ‘l - -
iue vENciils,. 1u¢ pivept =xnxu5u;mxus action of Halon 1201 minimizes

the formation of pyrolysis products from the agent itself as well as the
major hazards of a conflagration; namely, smoke, heat, carbon monoxide
formation and oxygen depletion, These latter hazards far outweigh any
due to the extinguishant itself. It is therefore of paramount impor-
tance that the fire be detected and extinguished quickly after inception.
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INTRODUCTION _

" Halon 1301 (bromotrifluorcmethane, CBIF3) is a convenient and
highly efficient five extinguishing agent for use on several types of
fires (1, 2, 6. This gas is used in portable extinguishers as well as

in total flooding systems.

~ Engine nacelles and cargo compartivents of many military and com~
sercial aircraft carry Halon 1301 fire suppressing systems. Similar

. systems have been proposed for protecting the occupaunts and contents of
" sireraft csbins snd flight decks.

Beos Several studies, conducted at normobaric conditions, indicate
" that laberatory animals and humans can be exposed briefly to Halon 1301

© - concentrations necessary to extinguish fires in enclosed spaces without

developing the central nervous system or cardiac effects that sometimes
attend inhaling low ievels of other halogenated hydrocarbons 2, 32, &,

11). However, 1ittle information is available concerming the toxicity

of Halon 1301 at reduced atmospheric pressures, such as would accompany
its use in flight.

© To test possible potentiating effects of hypcbaric conditione and
the resulting hypo=is o= =27 shyaiologic alterations produced by

= nalon 1301 inhalation, the following i{nvestigation was conducted.

| METHODS AND MATERTALS

Rat Studies:

Seventy-two ad-libitum fed, male, Charles River rats weighing
450-550 grams were divided into four groups. individual animals in each
group were exposed to one of the foliowing four conditions:

1. wsimulated altitude with added Halon 1301 (27 rats);
2. simulated altitude without Halon 1301 (9 rats);

3. simulated altitude wvith added Halon 1301 snd injected
epinephrine (27 rats); and :
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T e rats died during any chamber exposure, Three animsls developed
cardiac arrhythmias during inhalation of Halon 1301. One rat breathing
.24 percent Halon 1301 at & simulated altitude of 5,000 ft,, and one ex-

posed to 16 percent CBzF3 at 380 ma.Hg., developed premsture atrial con-

tractions about one minute after the Halom 1301 was admitted to the
chamber, Indications of bundle branch blocks sppeared as the exposure
continued.: In both cases, these changes disappeared when the CBr¥3-air
mixture was replaced with room air during the chamber descents.

Premature atrial contractions were also noted in the electrocardio-
gram of one rat breathing 24 percent Halon 1301 at 632 mm.Hg, This an-
imal had received an epinephrine injection before the exposure. Normal
ECG tracings reappeared when the rat was returned to ambient conditions.

No other prolonged cardiac arrhythmias were noted on the electro-
cardiograms from any other rats.

None of the animals saved for the one month post-exposure oiuer-
vation died during that period.

Histological exsmination of the lungs from rats sacrificed im-
mediately after exposure showed no pathologic changes which could be di-
rectly related to breathing Halon 1301 or exposure to hypobaric conditions.

Buman Exposures:

g All post-exposure physical examination results and pulmonary
function measurements were similar to pre-exposure values.

: Subjects’ electrocardiograms obtained during the chamber expo~
sures showed only non-specific changes from control tracings. No alter-
ations were noted that could be directly attributed to the Halon 1301
exposure or to the simulated altitude attained.

Complex reaction time test: An analysis of variance showed
statistically significant increases in complex reaction time with
Halon 1301 exposure F (2,28) = 7,39; p<0.01. No other effects were
observed,

Mage tracking task: .inalyses of variance were performed on the
following messures: (1) total time; (2) number of errors; (3) time in
error; and (4) average time per error., Inhalation of Halon 1301 pro-
duced no significant changes in any of these measures. However, the
oumber of errors on the maze tracking task was jund to be significantly
influenced by erjosure to simulated altitude F (2,28) = 3.72; p<0.05.
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fohaling Halon 1301 ot reduced atmospheric. pressure does Tot seem

ube-y more hammful to Laboratory rats than similar exposures at am-
“blent conditions, ' o )

© . fuman !m!uru:zi"‘

S _Two other 1aboratories have p_erforled human exposures to Halon 1301,
‘both at sea level conditions S, Reinhardt and Stopps (10) noted
“po disturbances in cardiac thythm jects exposed for 3.5 min-
~utes to 1, 3, 3» 7 or 10 percent Halon 1301, At the Hine Laboratory (5),»
volunteers breathed five or ten percent Halon 1301 in air for up to 20
‘minutes with no gerious cardiac effects. One subject did, however, de-
velop 8 spontaneourcardhc arrhythmia after inhaling 14 percent
falon 1301 for five minutes. This condition resolved within two minutes
after the jphalation was discontinued.

Since no cardiac rhythm changes were noted in the present study
that could be directly attributasble to Halon 1301 exposure, simulated
" altitude, or their interaction, it appears that human cardiac response
to inhaling this gas at hypobaric conditions is not different from sim=
{lar exposure at sea level.

Central ther effect of Halon 1301
inhalation that has b igated in both laboratory an-
imsls and humans 2, 5, 10, 11, e two sea level human studies
5, 10), volunteers demonstrated 8 d towards loss of muscular
coordination and alertness as the CBrF, percentages in their breathing
aixtures were increased, These impairments in mental and physical skills
began to appear at Halon 1301 concentrations of five to seven percent.

Fo statistical angiyses of the pecformance data vere presented in either
report, so it is not possible to directly compare the magnitude of the
changes to those observed on aimilar tests in the present i{nvestigation.

The significant increases in complex reaction time during

Balon 1301 inhalation poted in this study seem to agree with the usual
effect of the gas, However, the subjects’ performances on the maze
tracking task were not significantly affected by exposure to Halon 1301.
Since different neuromuscular skills are necessary to perform different
psychomotox tasks, it is to be expected that these skills could be af-
fected to different degrees by exposure to the same agent. This type of

response was demonstrated by the subjects in Hine's experiment (5) vhile
~ they were inhaling five percent CBrFj3 in air,

The subjective symptoms described by six of the eight subjects in
the present survey were similar to those deszribed by the subjects in
the reports discussed above (5, 10). These effects were independent of
altitude and thus would seem to be related to the Halon 1301 rather than
to altitude hypoxia. At no time was any subject affected to such a
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DISCUSSION

Mr, Hanbury: I have tvo questions. One is it seems to me an earlier
speaker said that actually because of the heart arthythmia condition,
dogs should be used rather than mice and so forth as test animals,

- The other is are you advocating this halon in a closed system, a
closed environmental system like you have in an aircraft, at a certain
eltitude, or have you vays to expel this gas?

‘Dr. Call: In answer to the first pere, I think that was Dr, Clark that
vas talking about the laboratory animal to use. As Dr. Back mentioned
earlier, sometimes you use what you have. This is how we started with

the rats.
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-MATERIALS AND METHODS
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locations in the

fations were monitored.

1301 were recorded with a

Sutham Laboratories Model GA-2A gas recorder and

§ accessorics, including three analyzer units and sampling

f mbes, a vacoum pump, oscillograph, and main clectrical
1 isters simultancously by actuating

flight tests culminated in cxposure of three volun-
t wer subjects 10 Halon 130} during flight. Two of the
i mbjects had been cxposed to the apent during the pre-
: fmimary low pressure chamber tests.3 Three scparate
; Jghts, one at 5,000 fect, onc at 18,000 feet, and one
< 220,000 feet, were conducted for the human exposures.
. Continuous ¢le i itori
ion b ng
. - A flight surgeon and ag acrospace physi-
: dogist accompanicd the subjects on ail flights. All flight
- ¢ aew, excapt the subjects, breathed 1005 OXygen contin-
.-+ sty throughout Iheﬂighgs. ) -

RESULTS

Ground Tests: Eight, 86-cubic inch, spherical canisters
containing Halon 1301 pressurized to 600 psi with nitro-
8eR were mounted at various locations throughout the
airplane. From initial ground tests it was determined
that optirum agent concentrations of 4% to 7% Halon
1301 in air could be achieved using 2.5 pounds of agent

r. For threse tesis copper tubing was used to
deliver the agent from the canisters to desired loca-
tions in the airplane. Initial ground tests were accom-
plished with the cquipment cooling and cabin pressuri-
zation systems OFF.

Conccatrations of 4% 0 7¢ Halon 1301 were
achicved at all desired locations; however, rapid settling
of the agent to the floor and into the bilge areas occurred
within a minute after discharge leaving critical areas with

Fig. 2. E-2B cabin sections where Halon 1301 concentrations -




B s i iasel Mree

F T Y T

 Gmem. m % M R Eer AT s ppeess Teew, Bisp 8 %

'\ Tea -—----\o

BN ‘L‘..—-}‘@.- {g [ e
TR . R - i .

B N

- Fig 6. Halon 1301 CONCORtrations chnn: izt test wilh
mnm-m mlm; ON.

firmed the rosults of carlier eroumd tosts: best mixiag,
distribution and sustained concentrations were achicved

with the equipment cooling ON amd the cabin pressurizr
tion OFF (Figurc6). .~

- Whenboththeeqmpmmcmlngandcuhmmm
. zation systems were OFF, rapid scitling of the agent e
the floor and into the bilge arcas cecurred Jeaving criticl
- arcas - with - insufficient concentrations for iire inerting:
(Figere 7). .
mpwummaummmmwmmu-
ummmmnsymmwwm:mm
ment -cooling system to provide mixing and distribution.
-However, hmmmmdnm.thudb
oquipment cooling system is contraindicated, thus
alknative pmecdure was also tested. A mechanicsl |
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fight were conducted. Prior to the flights each volunteer
sebject was thoroughly bricfed on the flight profile and
ion of the fire suppression system installed in the

. E-2B airplane. ECG lcads were placed on the subjects
30 minutes before flight. Subjects then donned the per-
sonal flight clothing and survival equipment required for
fight in the E-2B airplane. Each voluntcer underwent
a single in-flight cxposure. On board the airplanc, the
sbjects wer= seated in the personnel area. The same scat
was wsed by cach subject. Once the test altitude was
anaimed the subjocts were instructed to remove their oxy-
- masks. A 20-second countdown was given prior to
e Halon i301 discharge. Subjects breathed cabin air
mismre coatinvously for 3 minutes following discharge of
e agent, and then breathed 100% oxygen again to avoid
e hypoxic cffects of the highest altitude (20,000 feet)
aposure. Continuous ECG monitoring for S minutes
aer discharge, and post flight analysis of the ECG
scordings revealed no cardiac arrhythmias in any of the
subjects. No adverse effects were narrated by the subjects
deriag cxposure. No adverse biomedical signs were noted
s examination of the subjects following the fishre

CONCLUSIONS

A scquential build-up program was conducted for cval-
aaion of Halon 1301 as a fire suppression agent in a
Ny E-2B zirplanc. Installation of the Halon 1301 can-
wers, and satisfactory routing of the delivery tubing
} trom the canisiers 1o give 4% to 7% Halon 1301 in air
scentrations in critical areas were achicved  during

auod tests. During both eround and flight tests it was
&wmmined that best distribution of Halon 1301 was
bived when mechanical mixing of the agent was pro-
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The adirplane cquipment cooling system provided cx-
ttemt distribution of the agent. However, the optimum
R gubod of mixing and distributing the agent was achicved

"y wsing nozzle juls on the ends of the delivery tubing.

T
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Fig. 8. Halon 1301 concentrations during flight test using
nozzie jets for mixing the agent.

The airplanc pressurization system must be secured in
order for the agent to be optimally effective, because
concentrations will be reduced below levels n

for incrting fircs through normal veniing of cabin air
in the open-loop pressurization system. Human ex

10 the agent in concentrations up to 7% Halon 1301 in
air for 3 minutes, at reduced atmospheric pressures, may
be accomplished with no adverse biomedical effects,
Human exposures to the agent in-flight confirmed th
fest results reported from tha preliminary low pressure
chamber tests conducted under static conditions.? Thesc
limited tests indicate aircrew and passenger saf~*r -~}
not be compromised during periods of brief CXposur- .0
Halon 1301 under in-flight conditions.

The wsc of Halon 1301 represents a significant ad-
vance in control of airplane cabin fires, There appears
to be a generous safety margin for human exposure.
However. for maximam ctfectivencss and safcty the die-
iribwition sysiem and quantity of agent atilized must be
carefully t:itored for each aircraft type in which Halon
1301 systems arc installed.
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Chis gas is-an extremely efficient firc extinguish-
ing:
‘normobaric .conditions, indicate that humansrcan be 7-:

to-extinguish fires in. enclosed spaces without develop-
ing’ the central’ nervous <yslem ot curdinc effects that

rhalogenaled hydrocnrbons.‘-' However, - little -informe-
“tion is available conccrning the toxicity of Halon 1301

at reduced atmosphcm. presures. such as would .ac-

To test pm'ble potcnmtmg effects of h\'pobanc con-
ditions and the resulting hypoxia on any physiologic

. alterations produccd by Halon 1301 inhalation, the fok

lowinz investigation was conducted.

“J0 IRE IS ONE HAZARD that is common to all '
7 . eth occur in ﬂi.ht,

aimm llave re extimishm; systems.
“CArgo eomp?rlmts.

mm

Eight active-duty male mllmry personnel (ages 20-35
)urs) were for 3 minutes to-cither 4% or 7%
Halon 1301 in air in a hypobaric. chamber maintained :
-.-at-760"torr- (sea level); 632 torr - (simulated- 5,000 !L).
“-or-380 toer (simulated 18,000 £t.). In control exposures, -
pulses -of compressed air which generated noiso-levels
_and pressure changes similar to those produccd by the
Halon 1301 release were admitted to ‘the chamber i ;
plleoot the CBrF,. This was a single-blind experiment,
m that the sub]ect m nol aware of whether he bmlhed :

or 4

h Jow toxicity.! Two studies, conducted at G



All pust-cxposure physical examination results and

ry function measurements were similar to pre-
exposure values. Subjects’ clectrocardiograms obtained
_ during and after the chamber exposures showed onlv
aonspecific changes from control tracings. No altera-
tions were noted that could be directly attributed to
the Halon 1301 inhalation or to the simulated altitude
attained. - Compicx reaction time test: An analysis of
variance showed statistically significant increases in
complex reaction time with exposure to Halon 1301:
F(2,28) = 7.39; p < 0.01 (Fig. 1). Subjects’ reaction
times were similar while they were breathing 4% and
7% CBrFs. No other cffects were noted. Maze tracking
wsk: Analyses of variance were performed on the fol-
pwing measures: (1) time required to perform the
wsk: (2) number of errors committed: (3) time spent
i error; and (4) average time per error. Inhalation of
$alon 1301 produced no significant changes in any of
these measures. The number of crrors on the maze
macking task was however, found to be significantly
jncreased by exposure to simulated altitude: F(2,28)
« 172; p < 0.05.

Six of the eight subjects noted subjective symptoms
of dizziness, faintness, or drawsiness during exposurc
10 7% Halon 1301. These responses occurred with near-
Iy equal frequencies at each simulated aititude. Three
scbjects reported these symptoms during each exposure
10 7% CBrFs. Similar subjective descriptions were given
by three subjects while inhaling 4% Halon 1301. These
gmpioms were also reported once at each of the
shease chamber pressures.

Two subjects experienced the above symptoms during
sontrol exposures at 380 torr (simulated 18,000 ft.).
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COMPLEX REACTION TIME TEST

Fig. 1. Subjects’ mean reaction times (millisecs.) on complex
waction time lests during cxposure to all experimental conditions.

Halon 1301 is a member of a large family of halogen-
. ated hydrocarbons that are known to induce cardisc

arrhythmias when ivhaled during times of elevated
biood cpincphrine Jevels. These changes often originated
in the ventricular myocardium and can be fatal.?-2.479.14
Therefore, both investigators who carlier performed
human expostircs to CBrF; at sea level obtained exten-
sive clectrocardiographic rccords from their subjects.«$
Reinhardt and Stopps® noted no disturbances in cardiac
rhythm in three men exposcd for 3.5 minutes to 1%,
3%, 5%, 7%, or 10% Halon 1301. At the Hinc Labora-
tory,* volunteers breathed 5% or 1056 Halon 1301 in
air for up to 20 minutes with no serious cardiac effects.
One subject did, however, develop a spontaneous
cardiac arrhythmia after inhaling 2 14% Halon 1301-
air mixture for 5 minutes. This condition resolved
within 2 minutes after the inhalation was discontinued.
Bascd on the results of these,*® and other studies,! the
National Firc Protcction Association (NFPA) has es-
tablished standards for the use of Halon 1301 in fire
extinguishing systems designed for sca level applica-
tions.* This publication discusses the relative toxicity of
various halogenated hydrocarbon fire suppressants and
prescribes limits for safe human cxposure to CBrF, in
enclosed spaces. The concentrations of Halon 130! and
duration of exposures cmployed in the present study
were within the limits recommended by the NFPAS
Since no cardiac rhythm changes were noted in the
present investigations that could be dircctly attributable
to IHalon 130t exposurc, simulated altitude, or their
interaction, it appears that human cardiac response to
inhaling this gas at hypobaric conditions is not different
from similar cxposure at sca level.

Central nervous systems depression is another effect
of Halon 1301 inhalition that has been cxtensively
studied in both laboratory animals and humans.! #1011
In the two sea level human studies,*$ volunteers demon-
strated a general trend towards loss of musculur co-
ordination and alertness as the Halon 1301 percentages
in their breathing mixtures were incrcased. These im-
pairments in mental and physical skills began to appear
at CBrF; concentrations of 5%-7%. No statistical
analyses of the performance data were presented in
cither report, so it is not possible to directly compare
the magnitude of the changes to those observed on simi-
lar tests in the present investigation. The significant
increases in complex reaction time during Halon 1301
inhalation noted in this study seem to agree with the
usual elfcet of the gas. However, the subjects’. per-
formances on the maze tracking task were not sig~
nificantly cifected by exposure to Halon 1304. Since
diffcrent neuromuscular skills are necessary to perform
different psychomotor tasks, ii is to be expected that
these skills could be affected to different degrees by
cxposusc to the same agent. This type of response was

demonstrated by the subjects in Hine's experimentt
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