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Standard Test Method for

Measuring Smoke Toxicity for Use in Fire Hazard Analysis 1

This standard is issued under the fixed designation E 1678; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The pyrolysis or combustion of every combustible material or product produces smoke that is toxic.
It is, therefore, desirable to establish a test method for the development of data characterizing smoke
toxicity as an element of fire hazard analyses for both pre-flashover and post-flashover fires. The test
method includes quantification of the toxicity of the smoke and ascertain whether the observed toxicity
can be attributed to the major common toxicants.

1. Scope priate safety and health practices and determine the applica-
1.1 This fire-test-response standard covers a means fhility of regulatory Iimitations (particularly with regard to_t_he
determining the lethal toxic potency of smoke produced from@re and use of experimental animals) prior to User specific
a material or pr)Tré)duct ignited while exposed to a radiant heal@zards statements, see Section 7 and Note X1.1.
flux of 50 kW/nt for 15 min.
1.2 This test method is limited to test specimens no Iarge?' Referenced Documents
than 76 by 127 mm (3 by 5 in.), with a thickness no greater 2-1 ASTM Standards:
than 51 mm (2 in.). Specimens are intended to be representa-E 176 Terminology of Fire Standars
tive of finished materials or products, including composite and E 800 Guide for Measurement of Gases Present or Gener-
combination systems. This test method is not applicable to _ated During Fire$
end-use materials or products that do not have planar, or nearly 2:2 1SO Document: . , ,
planar, external surfaces. TR 9122 (Parts 1-5) Toxicity Testing of Fire Effluehts
1.3 Lethal toxic potency values a§sociated with 30—mirj3_ Terminology
exposures are predicted using calculations that use combustion o L .
atmosphere analytical data for carbon monoxide, carbon diox- 3-1 Definitions—For definitions of general terms used in
ide, oxygen (vitiation) and, if present, hydrogen cyanide NS test method, refer to Terminology E 176.
hydrogen chloride, and hydrogen bromide. The calculation 3-2 Definitions of Terms Specific to This Standard:
method is therefore limited to those materials and products 3-2-1 carboxyhemoglobin saturationn—the percent of
whose smoke toxicity can be attributed to these toxicants. P100d hemoglobin converted to carboxyhemoglobin from re-
1.4 The values stated in SI units are to be regarded as tH¥tion with inhaled carbon monoxide.
standard. The values given in parentheses are for information 3.2.2 concentration-time cur\(en—a.plot of _the concentra-
only. tion of a gaseous toxicant as a functlor) of time. .
1.5 This standard measures and describes the response of-2-3 Ct product n—the concentration-time product in
materials, products, or assemblies in response to heat und@™ min obtained by integration of the area under a

controlled conditions, but does not by itself incorporate allconcentration-time curve. .

factors required for fire hazard of fire risk assessment of the 3-2-4 fractional exposure dose (FED)—the ratio of the Ct

materials, products, or assemblies under actual fire conditionBroduct for a gaseous toxicant produced in a given test to that
1.6 This standard does not purport to address all of the Ct product of the toxicant which has been determined statisti-

safety concerns, if any, associated with its use. It is thé:ally from independent experimental data to produce lethality

responsibility of the user of this standard to establish appro" 90 % of test animals within a specified exposure and

postexposure time. Since the time values in this ratio numeri-
cally cancel, the FED is also simply the ratio of the average

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and—————

Combustion Products. 2 Annual Book of ASTM Standardgol 04.07.
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concentration of a gaseous toxicant to itsgh®@alue for the  unexplained toxicity, the lethal toxic potency will need to be
same exposure time. When not used with reference to a specifievestigated using other methodology, such as conducting an
toxicant, the term FED represents the summation of FEDs foexperimental determination of the LCusing the apparatus
individual toxicants in a combustion atmosphere. described. (See X1.3.1 and X1.3.2.)
3.25LC;, n—a measure of lethal toxic potency; the 5.3 This test method produces lethal toxic potency values
concentration of gas or smoke calculated statistically fromthat are appropriate for use in the modeling of both pre-
concentration-response data to produce lethality in 50 % of teflashover and post-flashover fires. Most fire deaths due to
animals within a specified exposure and postexposure time. smoke inhalation in the U.S. occur in areas other than the room
3.2.6 mass loss concentratipm—the mass loss of a test of fire origin and are caused by fires that have proceeded
specimen per unit exposure chamber volume in"g-m beyond the room of fire origin. It is assumed that these are
3.2.7 post-flashover, adjthe stage of a fire at which the flashover fires. Therefore, the principal emphasis is placed on
average air temperature in the upper half of the room exceedsvaluating toxic hazard under these conditions. In post-
600°C. flashover fires, large concentrations of carbon monoxide results
from reduced air supply to the fire plume and other room-scale
factors. Bench-scale tests do not have the capacity to simulate
4.1 This test method subjects a test specimen to ignitiothese phenomena. The lethal toxic potency values determined
while it is exposed for 15 min to a radiant heat flux of 50in this test method are obtained from fuel/air ratios more
kw/m?. (See X1.2.2.) The smoke produced is collected for 3Gepresentative of pre-flashover, rather than post-flashover con-
min within a 200-L chamber communicating with the combus-ditions. In cases where a pre-flashover fire representation is
tion assembly through a connecting chimney. Concentrationgesired in fire hazard modeling, these J,@alues are appro-
of the major gaseous toxicants are monitored over the 30-mipriate. Lethal toxic potency and carbon monoxide yield values
period, with Ct products for each being determined fromdetermined in this test method require adjustment for use in
integration of the areas under the respective concentration-tim@odeling of the hazard from post-flashover conditions. (See
plots. The Ct product data, along with the mass loss of the test1.4.1.)
specimen during the test, are then used in calculations to 5.4 The lethal toxic potency values determined in this test
predict the 30-min L&, of the test specimen. The predicted method have a level of uncertainty in their accuracy when used
LCy is then confirmed in comparable tests by exposing sixo predict real-scale toxic potencies. (See X1.4.2.)
rats, restrained for head-only exposure, for 30 min to the smoke 5 4.1 The accuracy of the bench-scale data for pre-flashover
produced from that mass of the test specimen whose mass loggs has not been established experimentally. The combustion
concentration during the 30-min period is approximatelyconditions in the apparatus are quite similar to real pre-

(+£10 %) equivalent to 70 % and to 130 % of its estimatedfiashover fires, although the mass burning rate may be higher at
LCs,. If no more than one rat dies during the 30-min exposureihe 50 k\W/n? irradiance of the test method.

or within 14-days postexposure to the mass loss concentrationg 4 o Comparison of the toxicant yields and deQpost-
corresponding to 70 % of the L and at least five rats die fiaghover) values obtained using this method have been shown
during the 30-min exposure, or within 14-days postexposure tQ, |imited tests (22) to reproduce the Lg, values from

the mass loss concentration corresponding to 130 % of thgsg|.scale, post-flashover fires to within an accuracy of ap-
LCsq, the predicted LG, is considered to be confirmed. , oyimately a factor of three. Therefore, LgIpost-flashover)
Confirmation ensures that the monitored toxicants account faj,|es differing by less than a factor of three are indistinguish-
the observed toxic effects. _able from each other. (See X1.4.2.)

_ 4.2 For calculation of hazard from pre-flashover, flaming g 5 rhis test method does not attempt to address the
fires, the toxicant gas yields and L&values are to be used as (4,0 ogjcal significance of changes in particulate and aerosol
experimentally determined. For calculation of hazard fromg;;e ‘smoke transport, distribution, or deposition or changes in

post-flashover fires, the yields of carbon monoxide are augye concentration of any smoke constituent as a function of
mented to reflect the higher yields produced in such fires. Thg o o5 may occur in a real fire

experimental LG, values are then adjusted using a specified 5.6 The propensity for smoke from any material to have the

calculation to produce L§, (post-flashover) values. same effects on humans in fire situations can be inferred only
5. Significance and Use to the extent that the rat is correlated with humans as a

. , , biological system. (See X1.2.5.)
5-1 This test method has been designed to provide data fof 5.7 This test method does not assess incapacitation. Inca-

the mathematical modeling of fire hazard as a means for the ~:' . .

evaluation of materials and products and to assist in thejpacitation must be inferred fr.or.n "?tha' toxic potency values..

research and development. 5.8 The effects of sensory irritation are not addressed by this
5.2 This test method is used to predict, and subsequent{#St method.

confirm, the lethal toxic potency of smoke produced upon the

exposure of a material or product to specific fire test condi®- Apparatus

tions. Confirmation determines whether certain major gaseous 6.1 Animal Exposure ChamberShown in Figs. 1 and 2, a

toxicants account for the observed toxic effects and lethal toxitransparent polycarbonate or polymethylmethacrylate chamber

potency. If a predicted lethal toxic potency value is notwith a nominal volume of 0.2 m(200 L). (See X1.2.6.) Its

confirmed adequately, indicating a potential for unusual oinside dimensions are 1220 by 370 by 450 mm (48 by-1y

4. Summary of Test Method
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permitting its removal for cleaning. It is sealed to the animal
chamber by low-density ceramic fiber insulation (approxi-
mately 65 kg/m). The other end of the chimney is sealed to the
combustion cell by an H-shaped trough with a small quantity of
the same fiber insulation in the trough.

,1’@@9 @)@@ __________ 6.4 Combustion Cell-Shown in Figs. 4-6, a horizontal
quartz tube with a 127-mm (5-in.) inside diameter and approxi-
mately 320 mm (122 in.) long. It is sealed at one end and has
CHIMNEY a large standard taper outer joint at the other end. A sealed inner
joint serves as a removable plug for the open end (Fig. 6). The
combustion cell has a rectangular opening on the top parallel to
the axis of the cylinder with a “collar” that allows it to fit
securely into the chimney. The bottom of the cell has a hole for
LOAD CELL the rod connecting the specimen support platform and load
CCMBUSTION cell. The sealed end of the combustion cell is fitted with a glass
collar to accommodate the electric sparker.

6.4.1 The combustion cell is supported by a metal frame that
also holds the load cell (Figs. 4 and 5). This entire frame is

17%4 in.). The six animal ports, intended for head-only eXpo_s'upported by ailaboratory. jack thatl holds t'he combustion cell
sure, are located in a horizontal row, approximately half wayHghtly to the chimney during experimentation and allows the
from the bottom to the top of the chamber, in the front wall. A C€ll to be lowered for removal and cleaning. The load cell is
plastic bag with an approximate volume of 0.08 (80 L or always at a fixed distance from the combustion cell.
approximately 13 gal) is attached to the port at the end of the 6.5 Radiant Heaters

chamber during a test to provide for gas expansion. The 6.5.1 The active element of the heater consists of four quartz
exposure box is equipped with a gas sampling port at thénfrared lamps (with tungsten filaments), rated at 2000 W at
animal nose level in the geometric center of the exposur@40 V. The lamps (two on each side) are encased in water-
chamber and with a port for returning gases in the end waltooled holders with parabolic reflectors. These holders (Fig. 4)
closest to the gas analyzers. A thermocouple shall be provideste attached to adjustable metal frames, which allow the lamps
to monitor the temperature at the level of the animal portsto be moved vertically and laterally and rotated in such a way
There are two doors in the exposure chamber, in the front walis to provide a uniform flux field across the sample surface.
near the connection to the combustion cell and in the end waltooling water must be circulated through the lamps’ respective
nearest the animal ports. The purpose of the doors is to allowolders to keep them from overheating. The lamps must not be
for cleaning and maintenance of the chamber, chimney, angperated without the cooling water.

smoke shutter and to provide fresh air during calibration of the g 5 > The irradiance of the lamps must be held at a preset

heat lamps and immediately prior to testing. level. One method entails a temperature controller and two

_ 5.2 Smoke_Shuttemade of stainless st_eel plqt_e and Situateqhermocouples (Type K) that are placed between the lamps and
inside the animal exposure chamber. It is positioned so that {,o combustion cell and wired in parallel.

will close over the chimney opening. It is hinged and provided . . . -
with a positive locking mechanism. The purpose of the shutteé 6.5.3 The irradiance from the lamps shall be uniform within

SMOKE SHUTTER EXPOSURE PORTS

B
A

Y
e

RADIANT HEATERS
SPECIMEN PLATFORM

CELL
FIG. 1 Overall View of the Apparatus

. U X
is to seal the combustion chamber and chimney from th hgh%?/\r/]str{?:ea(r:(;ﬁb?;:ir:;i%?géTg)nbzoLii:jtevr\:\g;h]dm(gte/rorﬁ::nl% the
exposure chamber at the end of irradiation. A wire attached t 9

the shutter and a simple push rod are provided for genué'”iformity of the radiant field from the lamps. The lampholders

closing of the shutter. A wire attached to a clamp locks theénUSt be repositioned, as necessary, if the field is found not to

shutter in place. To produce a gas-tight seal, the underside £ adequately uniform. )
the shutter is covered with a 12-mm (0.5-in.) thick blanket of 6-6 Temperature Controlle(Optional)—When a tempera-
low-density ceramic fiber insulation (approximately 65 kiym  ture controller is used for maintaining the required radiant flux,
which is further covered with stainless steel foil. the quartz lamp output is controlled by a thermocouple signal
6.3 Chimney(Fig. 3)—A stainless steel assembly approxi- 0 the temperature controller. The outputs from the two Type K
mately 30 by 300 mm (& by 113 in.), inside dimensions, and thermocouples are averaged by means of a parallel-wired
300 mm (1% in.) wide. It connects the combustion cell to the connection, and this averaged value is used as the input to the
animal exposure chamber. The chimney is divided into thre€ontroller. The temperature controller must be a three-term
channels by stainless steel dividers. The center channel f¥Pe and must provide an output signal suitable for driving the
approximately 150 mm (6 in.) wide. The purpose of thePower controller. The temperature controller must also incor-
dividers is to induce smoke to travel up through the centeporate a means for setting the maximum output to prevent the
portion of the chimney, while air from the animal exposurepower controller from being driven wide-open, if needed. The
chamber is drawn down through the outside channels t§ower controller is selected to be compatible with the radiant
provide air to the combustion cell. The chimney is connected té\€at lamps used.
the underside of the animal exposure chamber by clamps, 6.7 Heat Flux Meter
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FIG. 3 Stainless Steel Chimney

6.7.1 The total heat flux meter shall be of the Schmidt-durable matt-black finish. The target shall be water cooled. The
Boelter (thermopile) type or equivalent, with a design range oflux meter shall have an accuracy of withih3 % and a
at least 75 kW/ri The target receiving radiation shall be flat, repeatability within 0.5 %.
circular, approximately 12.5 mm in diameter, and coated with
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O
D ; Q — Q | U flux meters, one used for routine testing and another used only
20 K OHM , for calibration purposes.
PR;SS:;S;SS _ o STRIP HEATER 6.7.3 The flux meter shall be used to calibrate the radiant
€1 ]

JOINT 7 heater temperature controller. It shall be positioned in a rigid

SPARK IGNITOR / _ support device to ensure repeatable readings. The surface of the
COMBUSTION CELL . B
SPECIMEN SUPPORT heat flux meter must be located at a position equivalent to the
COMBUSTION CELL~_ | center of the specimen face. Fig. 7 indicates a calibration
SUPPORT LOAD CELL bracket suitable for this purpose.
6.8 Ignitor—A spark ignitor is constructed of two 3.2-mm
(0.125-in.) stainless steel rods. One of these two rods is bent at

90°, flattened on the end, and positioned to have the appear-
LABORATCRY JACK ance of the tip of an automotive spark plug. The gap between
the two rods shall be 2 0.5 mm. The two rods are connected
to the high-voltage spark system, which uses a 10-kV trans-
former (Fig. 8). A 20 0002, 5-W resistor is connected in series
with one of the electrodes to reduce the propagation of radio
6.7.2 The calibration of the heat flux meter must be checkedrequency interference into the instrumentation. The spark gap
periodically. This is accomplished most readily by having twois positioned approximately 25 mm (1 in.) above the center of

FIG. 5 Side View of the Combustion Zone
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the top surface of the specimen, inside the combustion cell. lanalyzers. The flow to these analyzers is also returned to the
one operation method, the rods comprising the spark igniteanimal exposure chamber through separate return lines. The
pass through a 29/42 male ground glass stopper, forming r@turn lines shall be closed during calibration of the instru-
gas-tight seal with a mating joint in place of the collar on thements to prevent the accumulation of calibration gases in the
combustion cell (Fig. 6). Otherwise, the electrical leads shalanimal exposure chamber.
be sealed in the glass collar in a gas-tight manner. 6.11.2 Gas Analyzers
6.9 Specimen HolderA stainless steel assembly approxi- 11,21 The oxygen analyzer shall have a range from 0 to
mately 76 by 127 mm (3 by 5 in.), inside dimensions, and 50,1 o4,
mm (2 in.) deep (Fig. 9). The specimen is backed by a layer of P
ceramic fiber blanket of nominal 65-kg-fndensity. The froﬁﬁlél[zl'eza;hoetg?go; dioxide analyzer shall have a range
specimen holder is positioned for testing on the specimen 6.11.2.3 The carbon monoxide analvzer shall have a range
platform, inside the combustion cell. f ’ t I. 0 1o 10 000 y 9
6.10 Load Cell—The general arrangement of the load cell rom at least to ppm. )
and specimen holder is illustrated in Fig. 5. The load cell is ©:11.2.4 Additional gas analysis for HCN, HCI, or HBr shall
installed under the combustion cell and is insulated againdt® Performed when the nature of the test specimen indicates the
heating from the lamps. The specimen and holder are locatgePSSibility of these gases being present in the combustion
on a support plate and a rigid rod. The load cell shall have aiq_roducts. Analysis for these gases shall follow the instructions

accuracy of 0.01 g, and it shall have a measuring range of &Vven in Guide E 800. For any gases with which analysis
methods are used that involve chemical reaction, such products

least 100 g.
are not returned to the animal exposure chamber but, rather,

6.11 Gas Sampling ; . :
6.11.1 The gas sampling system shall be designed in accofiSPosed of in an environmentally correct manner.

dance with the requirements specified in Guide E 800. Gases 6.12 Data Collection—The data collection system must
that are removed for chemical analysis and that can b&ave the capability of recording the output from the gas
recirculated to the animal exposure chamber are returned sin@@alyzers, thermocouple(s) in the chamber, and load cell and
this is a closed system. A suitable gas sampling arrangemefball have an accuracy corresponding to 0.01 % of full-scale
includes a pump, glass wool filter at the sampling port, coldnstrument output.

trap to remove soot and moisture, and pressure relief valve that 6.13 Animal Restrainers-Animal restrainers made of alu-
returns all flow not required by the CO, GOand Q gas minum and designed to permit head-only exposures shall be
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used. A detailed illustration of an animal restrainer meeting thior a darkened polymethylmethacrylate or polycarbonate shield

requirement is shown in Fig. 10. must be placed in front of the combustion cell.
7.2 The venting system for the exposure chamber must be
7. Hazards checked for proper operation before testing and must discharge

7.1 This test method involves bright lights, high tempera-into an exhaust system with adequate capacity.
tures, and combustion processes. Hazards may, therefore, exist _
for eye injuries, burns, ignition of extraneous objects, and8. Test Specimens

inhalation of combustion products. To prevent the accidental 8.1 Test specimens shall be cut to an appropriate area (see
leakage of toxic combustion products into the surroundingsection 12), no larger than 76 by 127 mm (3 by 5 in.) and no
atmosphere, the entire exposure system should be placed intqHicker than 50 mm (2 in.) (see X1.2.3), representing the
chemical hood or under a canopy hood. If under a canopgnd-use product. Raw materials (for example, paints, adhe-
hood, an accessory exhaust trunk for any combination gasegves, wall coverings, etc.) shall be tested on the substrate to
escaping through the load cell hole on the bottom of theyhich they are normally applied. Wrap the specimens for
combustion cell is required. An exhaust line to evacuate thgesting on all sides except for the top face with either aluminum
exposure box at the end of a test is recommended. The operatgy stainless steel foil.

must use safety tongs for removal of the specimen holder. 82 The test specimens shall be conditioned at an ambient

While hot, the combustion cell must be touched only withtemperature of 23- 3°C (73 + 5°F) and relative humidity of
protective gloves. Due to the intense light from the infraredso + 10 % for at least 24 h prior to testing.

lamps used, dark safety glasses must be worn by the operator,

9. Animals
b EXPOSURE CHAMBER WALL 9.1 The test animals shall be inbred 3 to 4 month old male
AEAR RESTRAINT rats obtained from a reputable supplier that certifies its animals
% [ SRV MACHINED to be free of maj i h i igh
, _ Y jor respiratory pathogens. Appropriate weight
TUBE ranges at the time of use are 225 to 325 g for Fischer 344 rats

and 300 to 375 g for Sprague-Dawley rats.

9.2 The maintenance and care of animals shall be performed
by qualified personnel in accordance with guidelines of the
> Sy National Institutes of Health Guide for the Care and Use of

Laboratory Animalg1).# The animal housing facilities shall be
suitable for studies of this type.

ANIMAL RESTRAINER 4 The boldface numbers in parentheses refer to the list of references at the end of
FIG. 10 Animal Restrainer this standard.
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9.3 The animals shall be identified, weighed, and houseérs. A single mixture containing both CO and C@ay be
upon receipt in a separate quarantine area for a minimum afsed. The gas return lines must be diverted during the
seven days prior to testing. The animals shall be weighed anchlibration procedure into an exhaust duct in order to prevent
observed daily during the quarantine period. Animals that arénadvertent accumulation of CO and €@ the exposure
unsuitable by reason of size, health, or other criteria are not tohamber.
be used. Cage assignments shall be made according to a10.3.2 The calibration of devices used for analysis of other
randomization routine. gases (for example, HCN, HCI, and HBr) shall be performed in

9.4 The animals shall be housed one to a cage. Thaccordance with Guide E 800.
environment shall have proper ventilation and be controlled to 10.4 Load Cell Calibration

a temperature of 23~ 3°C (73 + 5°F) and have a relative  104.1 The load cell shall be calibrated with standard
humidity of 50 = 15 %. The animal room shall have a 12-h \yejgnts in the range of the test specimens periodically and
light/dark cycle. _ . ~when first setting up the apparatus or after making adjustments
9.5 Animals are to be weighed daily from the day_ of arrlv_al for sensitivity and range.
to the end of the 14-day postexposure observation period. 1494 2 The load cell is checked routinely before each test
Normally, one rat in five are to be used as controls. with at least two analytical quality weights over the effective
9.6 The animals shall be weighed prior to exposure and bg, 46 of measurement. Any deviation of the load cell output, as
secured in individual restrainers for placement in the anim ompared to these weights, shall be recorded, and appropriate
exposure cham_ber. - . , compensation shall be made for the specimen mass loss
9.7 After testing, surviving animals shall_be housed in Mreadings.
animal room separate_from the pretest animal room for the 10.5 Calibration of Optional Temperature ControllerTo
postexposure observation period. set up the controller, first install the flux meter so that the
10. Calibration of Apparatus sensing surface is at the exact center of where the top of the

10.1 The following parts of the test apparatus requirespecimen is placed in normal testing. Lamp adjustment to

calibration: radiant heaters, gas analyzers, load cell, anabtain a “”ifo”.“ flux field over the sample shall have been
temperature controller (if used) completed previously. Next, connect the output of the heat flux

10.2 Heat Flux Calibration meter to a strip chart recorder running at a trace speed

10.2.1 For heat flux calibration, secure the heat flux mete?ufﬁCientIy fast to detect any changes in t_he flux._ Using the
into the proper position. The target surface of the flux metePutput from the heat flux meter, follow the instructions of the

must be centered at the location equivalent, both horizontall§°mr°"er manufacturer for. adjusting the controller in order to
obtain, as closely as possible, a square wave output from the

and vertically, to that of the top of the specimen when the
4 b P eat flux meter when the lamps are turned on and then turned

specimen holder is in place on the platform. (The ignitor shal - .
be removed from its position during this procedure.) If used off. Because the Iamps_, respond qwckly,_vyhl_le the temperature
at the thermocouples rises more slowly, it is important to avoid

set the temperature controller to the desired flux temperatur%

and turn on the radiant heat lamps, adjusting the temperatu?eSigniﬁcam overshoot, which can occur if the controller is not
controller until the desired irradiané:e (that is, 50 KV/m tuned optimally. It is also important to avoid using settings that

10 %) is achieved. If one is using manual control of the hea{esult in an unstable, oscillating output. If such a problem is

lamps, develop a calibration curve of heater controller settin Ioted, thet Sl?luu_?_ﬂ_'s to I'l;n't the malxlrr?udmbout_[iﬁt from thti
as a function of time required to maintain the desired flux IeveIhI avgz fon ro te,,:r.f 'f_ can ¢ ?haci:omp IS te y elt e"r u5|_?g €
10.2.2 Check the orientation of the radiant heat lamps oad liné out™ function of the temperaturé controller, It o

whenever the heaters have been moved or a lamp replace%qmpped' or by installing avoltag.e divider at the OUtPUt.Of th.e
using the following procedure. Install the heat flux calibrationt€mperature controller. When setting up the controller with this

jig shown in Fig. 7. The top face of the calibration jig should function, it is always necessary to have the thermocouples

be at the same height where the top of a test specimen rgading room air t(_amperature and not some elevated tempera-
placed. Estimate a power setting for the lamps that willture. By correct adjustment of the temperature controller, 90 %

d the desired | | (f le, 50 KWynat th of the desireq flux can be reaqhgd within_ 2_s, with 100 % being
E(re?]tgrciolee A;i‘;? thee\:)eomfe?r ae:(;irglrljo?/v at Ieg 5 miﬁ forreached within 20 s and a deviation of withirb % for the rest

equilibration. Adjust the orientation of the radiant heat IampsOf the test.

so that no measurement at seven locations across the face of the
specimen deviates by more than 10 % from the average. L1 Procedure
10.3 Gas Analyzer Calibration 11.1 General—Test procedures for smoke toxicity data are
10.3.1 At the beginning of each series of tests, the@D,, initially to be followed without the exposure of test animals in
and CO analyzers shall be calibrated by using nitrogen gas farder to produce analytical data for CO,,GCO, and, if
“zeroing” and an appropriate gas mixture near to, but less thampresent, HCN, HCI, and HBr. The choice of specimen size for
the analyzer full-scale reading. The gas shall be set to flow ahe initial tests is made with consideration of anticipated
the same rate and pressure as the sample gas for all calibtaxicant yields such that FEDs from 0.5 to 1.5 are obtained (see
tions. Ambient air (20.9 % ¢) shall be used for calibration of Section 13). In the absence of appropriate information for such
the O, analyzer, while bottled gases containing £dd CO at  choices, an area equal to one fourth of the maximum area of
known concentration are required for the Cahd CO analyz- 96.5 cnf is selected initially. Analytical data from at least two
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initial tests are used for the prediction of an averagefor 11.3.6 Collect data for a total of 30 min from initiation of
the test specimen (see Section 12). the test.

11.1.1 Comparable tests are then conducted, but with the 11.3.7 Cease collecting data at the end of 30 min. If animals
exposure of six rats to the smoke produced from that amount ofere exposed, they are to be removed from the exposure
the test material whose mass loss concentration during thehamber. Vent the exposure chamber with a high capacity
30-min period is approximately+(10 %) equivalent to 70 and €exhaust system.

130 % of its average predicted Lg The predicted LG, is 11.3.8 Blood samples should be taken from any dead
considered to be confirmed if no more than one rat dies during@nimals and analyzed for carboxyhemoglobin saturation in
the 30-min exposure, or within 14 days postexposure, to théests using the exposure of animals. Blood sampling and
mass loss concentration corresponding to 70 % of thga@d ~ analyses are to be conducted in accordance with generally
at least five rats die during the 30-min exposure, or withinaccepted methodologies.

14-days postexposure to the mass loss concentration corre-11.3.9 In tests using the exposure of animals, those surviv-
sponding to 130 % of the Lg, If the confirmation is not ing shall be checked daily for any signs of toxic effects (for
successful, or if unexplained or unusual toxicity is suspectecgxample, difficulty in breathing and convulsions), exploratory
other test methodology must be used to investigate the leth&ehavior, and eye and righting reflexes. The status and weights
toxic potency of the test material. (See X1.3.1 and X1.3.2.) (at7 and 14 days) of the animals shall be followed for a 14-day

11.2 Preparation for Tests postexposure period. Any deaths during this time period shall

11.2.1 Turn on the coolant water for the heat flux meter (af® recorded.

least 750 mL/min) and for the tungsten lamps (at least 600 11.3.10 Remove Fhe samp_le holder from th? combustion
mL/min). chamber, and cool it to ambient temperature in an exhaust

1222 Verly that all s, fters, and uaps for the gash 06, DSSSSETINE I shecmen holler o0 eterine e
analyzers have been serviced and that the flow rates a g P

. as cooled.
satisfactory. 11.3.11 Remove and clean the combustion chamber and

D 11.?12.2.1 Che;k thle moiﬁturel trap in t?eT?]as analylzer Stre‘?”'ehimney after each test. Clean the exposure chamber after each
ry the trap ar]: hrep ace the glass Wgo%' e normal operating,; ‘Ethy| alcohol is a satisfactory solvent. There must be no

temperature of the moisture trap is 0°C. _ residue on the inside of any of the pieces of the apparatus.
11.2.2.2 Place a glass-wool filter before the gas sampling

port. 12. Calculation

11.2.3 Verify that the spark ignition circuit is operational. 12.1 Genera—The lethal toxic potency (LG) of the test
' 11.2.'4r Perform the required calibration procedures specifiegpecirnen is predicted from the combustion atmosphere ana-
in Section 8. lytical data for CO, CQ, O,, and, if present, HCN, HCI, and
11.2.5 Weigh the specimen on a laboratory balance capabl|gpr. (See X1.2.7.) This is accomplished for a given specimen
of +0.01 g. Wrap the specimen in either aluminum or stainlesgnass loss by first calculating the FED for the test. Thedi€

steel foil, leaving the top surface exposed, and determine th@yen calculated as that specimen mass loss which would yield
combined weight of the specimen with the foil and aftery FED = 1 within a chamber volume of 13m

ggggﬂ?%ol::’e;h[)eo:gs (E(I)n:ﬁg ;pogggg.ri;/tznvf\yeitgﬁt otfh tehelos?)decci;IL%NOTE 1—_Alt_hough the theoretical value of the FED associat_ed with
% lethality is 1.0, a median value of 1.1 has been found experimentally
plus holder. 2

11.3 Test Procedure

11.3.1 If the animals are to be exposed, they shall b%
weighed and placed in their restrainers.

11.3.2 Insert the specimen, mounted in the specimen holder, FED =
into the combustion cell, and replace the standard taper plug
(use no grease or sealant on the ground glass). Secure the plug
with wire or springs. Place the animals into the ports in the

12.2 The 30-min FED for a given specimen mass loss is
alculated from Eq 1:

mco] 21— [0,] [HCN]
[COJ—-b T 2I-LC,0, " LCHCN
[HCI] [HBr]
T LCHC T LCHBr

; . , N co 21-[O
exposure chamber immediately prior to the beginning of an = [C”CEZ] —]b i 5[.4)21/0
animal exposure test. Close all exposure chamber doors and [HCN] [HCI] [HBr]
ports, if not used for animals. Ascertain that the smoke shutter * 150 ppm * 3700 ppm * 3000 ppm @

is open.
11.3.3 Turn on the sparker. Activate the power to the radiant \yhere the values of all gas concentrations are the integrated
heat lamps simultaneous with the start of data collection.  ct product values under their respective concentration-time

11.3.4 Record the time at which ignition of the specimencurves taken over the 30-min test period divided by 30. All of
occurs and turn off the sparker. Record the time of flameouthe values are in parts per million exceps, @hich is in %.

For specimens that have a tendency to self-extinguish soorhe values ofn andb depend on the concentration of GQ¥

after ignition, the sparker shall be left on until flaming ceases[CO,] = 5%, m =-18 andb =122 000. If [CQ] > 5 %, m
11.3.5 Switch off the power to the radiant heat lamps and= 23 andb = -38 600. For each individual toxicant, the L

close the smoke shutter at the end of 15 min. values shown were determined statistically from independent
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experimental data to produce lethality in 50 % of the test 13.1.10 Observations of SpecimerRequired observations
animals (rats) within a 30-min exposure plus 14-days postexare times to smoke evolution, ignition, and flame out. Other

posure. observations would include melting, char formation, spalling,
12.3 The 30-min LG, for a test specimen is calculated from unusually vigorous burning, and reignition.
Eq 2: 13.1.11 Gas Analysis Data-Required exposure chamber
specimen mass loss data include integrated Ct product values over the 30-min test
LCso = FED X chamber volume (2 for CO, O,, HCN, HCI, and HBr; minimum @ concentration

and maximum CQconcentration; and times to reach minimum
, and maximum CQ The methods used for analyses are to
e identified.

13.1.12 Calculation

where the specimen mass loss is in g and the chamb
volume is 0.2 m. The resulting LG, has the units of g-ff.
12.4 The yields of gases produced (mass of gas per mass of

fuel consumed) at 25°C are calculated from Eq 3: 13.1.12.1 C.t product for each analyzgd toxicant in each test,
13.1.12.2 Yield of each analyzed toxicant in each test.
= [X]-8.2MW, ®) 13.1.12.3 FED value for each test,
16° [my 0] 13.1.12.4 Predicted L value for pre-flashover use, for

where [X] is the concentration of gas X in ppm, MWé its  each test, and
gram molecular weight, and j, is the mass of sample  13.1.12.5Best Overall Predicted L& Valueto one signifi-

consumed, also in grams. cant figure—A least squares regression analysis of FED versus
12.5 The lethal toxic potency value for hazard analysis ofnass loss values for all tests is used to determine the best

post-flashover fires is calculated from Eq 4: overall predicted LG, value.

1 13.1.12.6 Calculated value of Lg(post-flashover) to one
LCsq(post-flashovej = —; [CO significant figure.
T 4% 10 %-5.0x 1075% 13.1.13 Optional plots are those of individual toxicant
(4)  concentrations, specimen mass loss, and temperature as func-
tions of time.

where: LG(g-ni ) is the value determined from Eq 2,59
is the mass (g) of specimen lost during the test at the FEng.
condition, and [CO] (ppm) is the concentration of CO at the €

FED-1 condition. This equation is based on a post-flashover 1322 Weiaht of h animal wh ved. orior to test
CO yield of 0.2 g/g of fuel burned. (See Appendix X1.4.1.) o €ight of each animal when received, prior to test,
and at 7 and 14-days postexposure for surviving animals.

12.6 The post-flashover CO vyield for the specific product : ; . : .
under evaluation may also be obtained from an appropriate 13.2.3 Number of animals dying durnjg the test (lncludlng
full-scale test. A value of L&, (post-flashover) is then deter- up to 10-min posttest) and number of animals that die up to 14

. o ) 5 % 103 days posttest. _ . .
ggjgngyisuggtgwng 22 107 Yo for 44 X 101in Eq 4, 13.2.4 Blood carboxyhemoglobin saturation values for ani-

mals dying during the test.

13.2.5 Animal observations, for example, unusual behavior
during the test; immediate posttest observations of live animals
5) _su_ch as tremors, convulsions, difficulty in breathing, severe eye

irritation, etc.
13. Report 13.3 State in the report whether the animal tests did or did
not confirm the value of the L{g obtained from Eq 2.

13.2 Include the following information in the report for each
st using the exposure of animals:
13.2.1 Strain of rat and identity of supplier.

1

LCsq (post-flashovey =

—~— + 0.2, — 5.0 X 10‘5@
LCso eeco ’ Mygo

13.1 Report the following information:

13.1.1 Laboratory. 14. Precision and Bias

13.1.2 Test identification and date. 14.1 Precision—The precision of this test method has not

13.1.3 Laboratory ambient conditions (temperature and huyet been established. A precision statement will be prepared
midity). and included in the test method after the completion of an

13.1.4 Description of specimen. interlaboratory test series.

13.1.5 Specimen dimensions. 14.2 Bias—The bias of this test method has not been

13.1.6 Irradiation time and heat flux conditions. measured since there is no accepted reference material for use

13.1.7 Maximum exposure chamber temperature and timg making such measurements.

when attained (see X1.2.6).
13.1.8 Initial specimen mass and mass loss during the test fko- Keywords

g-m 3 of chamber volume (see X1.3.3). 15.1 combustion toxicity; fire-hazard analysis; fire tests; fire
13.1.9 Time to ignition and flame out. toxicity

10
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APPENDIX
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction—This commentary is provided to give by cutting to the appropriate thickness dimension. Layered
insight into the development of this test method, to describe theomposites may also generally be reduced in thickness, as
rationale for the unique features of this test method, and teequired. However, separate tests are indicated, with each face
describe the proper use of the data provided. NIST Specidleing exposed in separate testing, if the two face materials are
Publication 827 is recommendé€2) for a more comprehensive not identical.

treatment, along with the presentation of data and results x1 2.4 The chemical analysis system used in the test
obtained on typical materials. method employs methodology commonly accepted by those

skilled in such procedures and as presented in Guide E 800 and
X1.2 Development of the Test Method\ test method for i |ISO/TR 9122, Part 3.

assessing the acute inhalation toxicity of combustion products

has three basic components: a combustion system, a chemiqﬂ thod, the use of rats as an acceptable model for human

erllalﬁi:rzyf;ir:t’ ggdaapazgm?lsnx dpfclgs ?Zgﬂzt’g?gitio%r thgxposure has been well documented in ISO/TR 9122, Part 5.
Y. P 9y X1.2.6 The animal exposure system is that used in the NBS

::; orréasc?sriit:]o]%r(:szsw()teexnpcenmental data into a quant|f|edCup Furnace Metho(B). It has been used widely in a number

P P y- of laboratories and found to be highly satisfactory. An impor-

X1.2.1 This test method uses as the combustion system thgdnt consideration when conducting animal exposures is that
developed at Southwest Research Institute (SWRI) for theéne biological effects on the animals’ condition during a test
National Institute of Building Sciences (NIB}). Represent-  should be affected adversely as little as possible by causes
ing a significant improvement over an earlier radiant heabther than specimen toxicity. This includes the following:
device first used at the Weyerhaeuser Comp4By the  providing a sufficient size of animal exposure chamber so that
combustion system was adopted jointly by the National Instithe animals’ exhaled COdoes not affect them adversely;
tute of Standards and Technology (NIST) and SwRI for themaking sure that heating conditions from specimen heaters do
development of this test methQﬁ). Its main features is that of not create an excessive heat burden to the anima|s; and
providing for combustion of a test specimen under the realistigroviding a restraint system that does not cause undue physical
conditions of radiant heat within an apparatus designed espetress. One should still exercise judgment regarding exposure
cially for ruggedness and ease of operation. chamber temperature excursions above 40°C. Such excursions

X1.2.2 For a small, developing fire, the bench scale specihave not been regarded as detrimental to the resulting test data
men in the radiant apparatus is a reasonable representationfof the most part. However, there could be exceptions for
the full-scale fire. The thermal boundary conditions are approextreme cases.

priate, being radiative and from one face only. Asmall fire will  x1.2.7 The strategy used in this test method for the quan-

impose approximately 35 kW/non an adjacent unburned tification of smoke toxic potency represents use of the latest in

surface(6,7), although values around 48 kW#mre common  state-of-the-art understanding of the prediction of the toxic

and values over 100 kW/rcan be measured. Thus, while an effects of fire effluents as reported in ISO/TR 9122, Part 5. It

iradiance of 50 kw/rh for a pre-flashover test may be yses methodology for the calculation of toxic potencies from

somewhat high, it is by no means out of line. If a specificcombustion product analytical data without the exposure of

scenario involves a heating flux other than 50 k\fi/ican be  experimental animals. The basis for such methodology comes

accommodated readily in this test method. from extensive experimentation using the exposure of rats to
X1.2.3 In the real scale fire, the combustion products willthe common fire gases, both singly and in combinations, which

generally contain contributions from portions of the burningshowed the additivity of FEDs of the individual toxicants

product that are burning near the front surface, those that af@-19) Expressed mathematically, the principle is shown in Eq

burned partway through, and those coming from nearly burne1.1:

out portions. Thus, a bench scale test should represent this NG

mixture of gases as closely as possible. The physical con- FED= 2 . @

straints of the test method are a maximum specimen thickness o '

of 51 mm and a radiant heating time of 15 min. The actual

thickness of non-layered products should be selected so thawvhere:

thermal decomposition is complete when 15 min has elapse®; concentration of the toxic component i, and

and the shutter is closed. This can be determined by examinaC; = specific exposure dose required to produce the

tion of the generation of CO, which should have ceased before toxicological effect(20).

the shutter is closed. A preliminary trial run where neither the When the FED = 1, it is expected that the mixture of gaseous

animals nor the gas analyzers need to be used should sufidgexicants would be lethal to 50 % of exposed animals. Use of

Homogeneous products can then be prepared for actual testitige principle in the form given in this test method has been

1.2.5 Within the scope and significance of this test

dt (X1.1)

11
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termed the “N-Gas Model” by NIST. The N-Gas Model also TABLE X1.1 Yields of Carbon Monoxide from Real-Scale Fire

takes into account the effect of GOn the toxicity of CO, as Tests
expressed empirically from studies conducted at N(QY Fuel CO Yield Reference
Examination of a series of pure gaseous toxicant experimentsywood walls 0.10% (23)
in which various percentages of animals died indicated that thgiPholstered chair, bed, FR plywood walls 0.36" (24)
. « " . .., Plywood walls, bed 0.3 (24)
mean FED value using the “N-Gas” calculation was 1.07, Withcpair Tv and business machine cabinets, 022 25)
95 % confidence limits of=0.20 (12). circuit boards, cables (Test N1)
Wood cribs 0.158 (26)
X1.3 Limitations on Materials and Products: Flexible PU foam 0.25° (26)
. . PMMA 0.38 (26)
X1.3.1 All products can be tested using the calculationHexane 0.23% (26)

method described. However, there will be products whose ANIST calculation from CO/CO, ratios and estimated burning rates in references
smoke lethal toxic potencies cannot be ascribed to the comma3 and 24.
toxic gases analyzed. These products may need to be tested\'ST extraction of average yield data in reference 26.
according to other, more conventional, animal exposure meth-
odology or, preferably, be subject to further research in order t&- 0.09 g CO/g fuel consumed in that 6 of the 8 values fall
explain why the lethal toxic potency cannot be estimated fronwithin = one standard deviation of the mean. [A summary that
the concentrations of the common toxic gases. Simply requiralso includes a number of dissimilar tests obtains the same
ing the experimental determination of an JfOvalue could mean value(27)] Due to the limited reproducibility of real-
circumvent the more important aspect of being able to explaigcale fire tests in general and the scatter in the data from each
the cause of the animal deaths. of the cited tests, this mean yield is best used to 1 significant
X1.3.2 This test method may not be appropriate for testindigure, for example, 0.2 g CO/g fuel consumed. While this is
materials or products containing highly fluorinated compoundshe best representation given current knowledge, research to
and has not been validated for such. Hydrogen fluoride (HF) oimprove this knowledge is in progress.
other fluorinated compounds are not included in the N-Gas X1.4.2 Data from this method have been compared directly
Model at the present time. The predictivity of the model wouldto real-scale, post-flashover fires of the same materials: Dou-
therefore fail to account for the toxicity of the fluoride contentglas fir, a formulation of rigid polyurethane foam, and a
of the material or product. In addition, the thermal decompoformulation of PVC (22). These materials challenge the
sition products from such fluorinated materials are well knownmethod with a diverse set of test cases: a natural cellulosic and
for their reaction with the silica-based components (for ex-man-made plastics, solid and foam plastics, a material where
ample, glassware) of analytical instruments. Thus, the smok@O (enhanced by CQand low Q) is the only toxicant and
can potentially damage the analytical instrumentation. Thergaterials that produce significant amounts of HCl or HCN. The
are indications that a number of highly specialized combustiofiesults showed agreement of the post-flashovey,ldata and
and toxicological phenomena can arise for certain highlythe bench-scale data to within a factor of 3.
fluorinated polymers that make difficult the creation of proper X1.4.3 It is possible to demonstrate the regime ofghC
bench scale conditions to represent real scale tox(@ity. (post-flashover) values where performance differentiation is
X1.3.3 Certain ash-producing materials (for example, sili-not appropriate. The L& of CO,-potentiated CO is about 5
cones) require the use of appropriate procedures for measurigni >, and the yield of CO is approximately 0.2 g/g of fuel
the quantity of sample burned since the load cell readings areurned (X1.4.1). Therefore, the kgof post-flashover smoke
compromised by the deposition of ash resulting from burnings approximately 25 g-it. The accuracy of this method for
of the material. LC_ (post-flashover) values is about a factor d®2). Thus, it
) is indicated that LG, (post-flashover) values between 8 g°m
X1.4 Test Method Data-This test method has been de- (for example, 25/3) and 25 g-hare indistinguishable from
signed to provide data for the mathematical modeling of fireaach other using this test method and the current state of its
hazard as a rrlleans.for the evaluation of materials and producé@curacy. LG, values above approximately 25 g-are not
and to assist in their research and development. possible for post-flashover smoke, since the high CO yield is
X1.4.1 Studies at NIST5) have demonstrated that a bench characteristic of these fires. Thus, it is indicative of the state of
scale toxic potency test can represent many aspects of the art that LG, (post-flashover) values greater than 8 g*m
post-flashover fire adequately. One exception is the generatiare indistinguishable from each other using this test method.
of carbon monoxide, which may be governed more by théviost common building and furnishing materials haveg}C
available air supply in the actual full-scale fire in some casesalues substantially higher than 8 girThus, the lethal toxic
than by the nature of the material burned. This cannot b@otency of the smoke will most often be determined by the fire
simulated in a practical bench scale test method. A search ofentilation. For post-flashover fires, this method will identify
the published literature has shown that a range of real-scale firoducts that generate smoke of extreme toxic potency. Be-
tests, involving a diversity of fuels burning both as walls andcause of the accuracy limits of the method, such products may
free-standing combustibles, produce CO yields with relativelybe viewed within LG, (post-flashover) ranges of a factor of 3,
little dependence on the type of fuel(s) burned, as shown ifor example, between 8 g-thand 3 g-m>, between 3 g-n?
Table X1.1. These CO yield data are well-represented as 0.2#hd 1 g-m>, and so forth.

12
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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