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U. S. DEPARTMENT OF ACRI CULTURE
FOREST SERVI CE

STANDARD TEST METHOD
FOR DETERM NI NG ACUTE | NHALATI ON TOXI CI TY
OF FI RE SHELTER CLOTH LAM NATES
1. SCOPE

1.1 Scope. This test nmethod descri bes apparatus and | aboratory procedures to be
used in acute inhalation toxicity tests of products released fromtherm
degradation of lamnated cloth used in the manufacture of fire shelters.

2. PUBLI CATI ONS

2.1 Covernnment docunents

2.1.1 Publications. The followi ng docunents of the issue in effect on the date
of invitation for bids or request for proposal forma part of this specification
to the extent specified herein:

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

E 800 - Proposed Standard - Standard CGui de for Measurenent of Gases Present
or Generated During Fires

(Application for copies should be addressed to the Anmerican Society for Testing
and Materials, 1916 Race St., Philadel phia, PA 19103.)

DEPARTMENT OF HEALTH AND HUMAN SERVI CES

Good Laboratory Practices for Non-clinical Laboratory Studies, CFR, Title
21, Chapter 1, Part 58, pp. 209-223.

(The Code of Federal Regulations is for sale on a subscription basis fromthe
Superi nt endent of Docunents, U. S. Governnment Printing O fice, Washington, DC
20402. Reprints of certain regulations may be obtained fromthe Federal agency
responsi bl e for issueing them)

Beneficial conments (recommendati ons, additions, deletions) and any pertinent
data that may be used in inproving this docunment should be addressed to: USDA
Forest Service, M ssoula Technol ogy and Devel opnment Center, Building 1, Fort
M ssoul a, M ssoula, Ml 59801-7294 by using the Specification Conment Sheet at
the end of this docunent or by letter.
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NATI ONAL BUREAU OF STANDARDS

NBSI R 80-2177 - Devel opnent of Recommended Test Met hod for Toxi col ogi ca
Assessnent of |nhal ed Conmbusti on Products

(Application for copies should be addressed to Center for Fire Research
Nat i onal Engi neering Laboratory, National Institute of Standards & Technol ogy,
U. S. Departnent of Conmerce, Washi ngton, DC 20234.)

NATI ONAL | NSTI TUTES OF HEALTH
Qui de for Care and Use of Laboratory Animals, N H Publication 86-23.

(Application for copies should be addressed to National Center for Research
Resources, National Institutes of Health, Bethesda, MD 20892.)

2.3 Oder of precedence. |In the event of conflict between the text of this
docurent and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunment, however, supersede applicable | aws and
regul ati ons unl ess specific exenption has been obtai ned.

3. REQUI REMENTS

Testing with the apparatus descri bed herein shall be conducted by individuals
with appropriate training in toxicology, chem stry, animl handling, and

| aboratory procedures. Specific training and experience in combustion

t oxi col ogy i s desirable.

The test facility shall be registered with the U S. Departnent of Agriculture as
an animal research facility.

Operation of the apparatus requires a laboratory with a working fune hood,
appropriate bench space, analytical instrunmentation, and associ ated equi prment.
Nor mal safeguards for working with potentially toxic chemcals, toxic gases,
fl ammabl es, and el ectrical devices shall be observed.

3.1 Radiant Furnaces. Radiant energy shall be used to heat the sanple

speci mens. The furnace shall be able to heat the surface-nounted sanple to the
prescri bed deconposition tenperature in less than 5 minutes. The furnace
described in figure 1 is capable of consistent high tenperature irradiation

The commercially avail abl e hater panel consists of a series of 14 inch nmetallic
ri bbons mounted on an inert vitrified board that measures 16L by 8. 5Whby 1.25D
inches (Aenro Inc.). The heating panel is nounted in a custom made stainless
steel frame at a 45° angle. The frame holds the speci nen a uniform di stance over
t he exposed heating surface.

Pl acenent of the specimen on the frane is aided by a 5.0 inch open stainless
steel wire mesh support that prevents the deconposing specinens fromfalling on
t he hot ribbons.
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Radi ant energy control is acconplished by a heavy duty vol tage regul at or
(Powerstat™) and nonitored by thernocouple. Approximate operating conditions
shall first be established by scanning the heating surface with a radiometer. A
surface energy of approximately 2.5-3.0 watts/cnf recorded wi thout the

speci men or screen in place should provide enough irradiated for deconposition
at a subsequent sanple tenperature of over 400°C. Wen the voltage setting to
achieve 2.5-3.0 watts/cnf i s obtained, the setting should be recorded. During
the start of the test, this setting should will be dialed-in to initiate specinen
deconposition. Final adjustnents, raising or lowering the tenperature to 465°C,
shall be made with the regul ator while nonitoring thernocoupl e readi ngs.

4.3 Aninmal Exposure Chanber. A two-part 38 liter exposure chanmber (figure 2)
shall be used. The two-part design significantly reduces the heat in the anina
exposure chanber. The conbustion chanber of 25 liters is made fromtenperature
resistant glass (Pyroceram|1™) and contains a panel nounted el ectric radiant
heater. The 13 liter animal exposure chanmber is made from 0.5 inch clear
acrylic (e.g., Plexiglass™. The chanmbers are connected by | arge-dianeter

gl ass or silcone rubber tubing ending in intake and exhaust ports fitted with
ACE™ bal | -socket connectors. A large capacity peristaltic punp (Col e-Parmer)
aids in the equilibriumof chanber atnosphere by recirculating gases.

The apparatus as described shall be assenbled in a working |aboratory hood for
saf e operation.

3.3 Conbustion/Pyrolysis Gas Analysis. Carbon nonoxide (CO, carbon dioxide
(CO), oxygen (Q) and hydrogen cyanide (HCN) |evels shall be neasured at

| east every 5 minutes during the 15 m nute exposure test (i.e., at 0, 5, 10, and
15 m nutes). Oxygen shall not fall below 16% during the ani mal exposure. Any of
the accepted techni ques described in ASTM Proposed Standard E 800 Standard

GQui de for Measurenent of Gases Present or CGenerated During Fires may be used,;
however, automatic, continuous infrared analysis of CO and CO and

paramagnetic analysis of O is preferred. The selective ion el ectrode nethod

for HCN is recomended. A procedure for HCN anal ysis of chanber atnosphere is
given in the appendi x.

Gas anal ysis shall be acconplished by an instrunentation "closed-Ioop"” in which
gases are returned to the chanmber. The total volume of gases taken fromthe
chanbers for destructive analysis, if any, shall not exceed 10% (3.8 liters).
Oxygen |l evels shall not fall below 16% froma nornal of approximtely 21%
Anoxic conditions will affect aninmals' responses and confound test results;
therefore, any depletion that approaches the critical 16% mark shall be
corrected by repl eni shnent as described in section 4.

3.4 Tenperature Monitoring and Control. Laminated cloth sanple specinen
tenperature shall be recorded throughout the test fromat |east one thernocouple
that shall be placed securely on the test sanple, on the surface opposite the
heating el enents. Radiant energy to the sanple specinmen shall be controlled to
mai ntain a sanple tenperature of 465°C + 15°C
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3.5 Sanple Specinen Preparation. Test shall be conducted on nmultiple

speci mens cut fromlam nated cloth sanples. A specinen shall be conveniently
cut into rectangles to equal the surface area di nensions of the radi ant heater
(i.e., 7.5 by 12 inches--approxi mately 90 square inches). The individua

speci mens shall then be | ayered and sandwi ched in stainless steel wire nesh for
exposure to the heat.

When mounted on the heater, the inner scrimside (dull side) of the first

speci men (and subsequent speci nmens) shall face the heat. The thernpcouple wire
shoul d be placed on the shiny outer side of the last |layer, in between sanple
and wire nesh. The nesh specinen holder is to be placed in a stationary upright
position in the channel at the base of the heater frane. The 45° tilt of the
furnace frame keeps specimen over the heating el enents.

3.6 Test Animals. Young, healthy adult |aboratory rats of uniform sex,

wei ghi ng bet ween 200 and 300 grams, shall be used. The Sprague-Daw ey and

Fi sher Strains are satisfactory. Sources of animals shall be reported, e.g.
the commercial supplier nmust be named if one is used. |If animals from an

i n-house colony are used, it nmust be stated. 1In all cases, nornmal steps shal
be taken to assure healthy aninmals are used in testing.

3.7 Animal Care. Aninmals shall be maintained on ad libitum food and wat er
schedul es and treated in accordance with Good Laboratory Practice for
Non-clinical Laboratory Studies published in the Code of Federal Regul ations,
Title 21, Chapter 1, Part 58.90 and Guide for the Care and Use of Laboratory
Animals, NIH Publication 86-23. Animals received froma supplier shall be
housed at the testing |laboratory for a mnimum of 7 days before being used

i ntesting.

3.8 Animal Observations and Lethality. General toxicological effects shall be
nmeasured in terns of exposure lethality and post-exposure body-wei ghts and
lethality. |Individual animl body weights shall be recorded on the first day of
test and at the end of 7 days observation. Wight loss, if any, shall be
recorded. Necropsies shall be performed and gross pathol ogi cal exam nation of

I ungs and ot her organs shall be nade and abnormalities reported. Al abnorm
clinical synptons pertaining to inhalation shall be reported.

3.9 Test System Validation. Verification of the functional integrity of the
test apparatus shall precede actual ani nal exposure toxicity testing and is
acconplished in three steps:

1. Pure Gas Trials: Wth the apparatus assenbled and in full operationa
configuration, except the radiant heater, which is not switch on, introduce a
known standardi zation gas (i.e. CO 1% to a | evel approachi ng chanber
at nrosphere equilibrium Monitor the standard gas through the equilibration
phase into the steady-state phase for a tine period equal to the 15 m nute test
period. The nonitoring should reveal a "square wave" chanber exposure, that is,
arisein COfromzero to a plateau (see exanple 1). The mai ntenance of the
pl at eau or steady-state phase indicates that there are no significant |leaks in
the system |f, instead, the concentration of standardization gas "decays" over
time, the operators nust check for and correct chanber |eaks. Satisfactory
chanber performance is indicated when the systemretains approxi mately 90% or
nmore of the standardi zati on gas concentration during the test trials.
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2. Control Sanple. A control toxic sanple shall be used to verify
the function and reproducibility of the whole system specifically the radi ant
heating system (Toxic control sanples are available from USDA Forest Service
M ssoul a Technol ogy and Devel opnment Center, Building 1, Fort M ssoula, M ssoul a,
Ml 59801.)

When tested in accordance with the nethods herein, the control material should
generate the followi ng concentration of gases:

HCN Exposure M ni mum
Specinen Size Tenperature Chanber ppm Yi el d HCN
90 sqg. in. 465 90 to >135 1 ppnisq.in.
180 sq. in. 180 to >270

Failure to neet the above neasurabl e concentrations indicates suboptinmal furnace
performance. Troubl e-shooti ng nmeasures should investigate the radi ant furnace
performance, tenperature controlling equipnent, chanber |eaks, and gas sanpling
and anal ysi s procedure.

A typical conbustion trial using the systemw |l produce a CO chart fingerprint
reveal ing the accel erated thermal deconposition phase , peak concentration

equi li brium phase of gases between chanbers, and finally equilibrium plateau
(see exanmple 2). The final plateau state indicates a tight system even though
m nor | eakage may have occurred during deconposition when gas pressure and heat
cause vol ume expansion. |In control sanmple tests the investigators should
prolong the test tine to assure that gas concentrati ons are not decayi ng.

Moni tori ng chanmber performance for a longer tine is inportant because the

equi li brium phase may not be revealed in 15 minutes with sonme sanpl es.

3. Comparative Response Trial(s): The toxic control naterial has been
shown through tests at independent | aboratories to reproduce a toxic response in
animals during the test period neasured as incapacitation of death within 15
m nut es when 90 square inches or nore have been heat ed.

The testing |aboratory shall report the results of tests conducted on the
control material along with its results fromtest sanples. Historica
dose-response data shall be permitted but, with any new test, at |east one
current toxic control trial shall be included to reverify conparative data.

4. TESTI NG

4.1 Screen Test. To quickly elimnate certain lam nates with toxic
potenci es that night conpare to those previously found unacceptable, and to
limt the unnecessary use of animals in a conplete test, a conbustion
gas-anal ysis test without animals optionally may be conducted.

When tested under the same chanmber conditions of tenperature and tine, a sanple
| ami nate shall fail the toxicity test if it produces or exceeds measurabl e HCN
concentrations of 1 ppnisquare inch of specinmen, with specinen sizes from 90-180
square inches (90 to 180 ppm chanber concentrations respectively).
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4.2 Conplete Test. The apparatus shall be assenbled and it's function validated
with calibration gas and controls as in section 3. Three test ani mals,
preferably fasted overnight, shall be identified and placed in separate
compartnents within the activity wheel of the exposure chanber. The wheel is

t hen secured and should be set in notion shortly before the test tine to adapt
the animals to walking. The lid of the exposure chanber is kept off to provide
air and circulation until nonents before the sanple is conbusted when it is then
sealed firmy. After positioning the specinen on the heater, the furnace
chanber is sealed and all of the apparatus and anal ytical systens are al so
checked. The test is initiated by switching on the heater and recircul ating
punmp. A 30 second "lag" tinme is incorporated when timng the experinment in
order to nmake final apparatus checks and heating adjustnents.

The speci nmens shall be exposed to radiant heat for 15 mnutes and attain a
surface tenperature of 465° + 15°C. During the test, aninal observations shal
be made, recording incapacitation and lethality. Exposure chanber conditions
shall be neasured initially and at |east every 5 mnutes to include tenperature
and O, CO CO, and HCN. Gas analysis for other snmoke constituents is
Optional. In the event that O levels drop from21%to the critical |ow of

16% a cylinder of oxygen and a flow neter shall be available to neter in the
exact anount of oxygen needed to replenish the chanber atnobsphere within 2

m nut es.

A mnimum of three experinents shall be conducted spanning a range of test

| am nate surface areas that produce both a non-toxic response with the smaller
areas tested and a toxic response with greater areas. Hi s "dose-response"
deternmi nation may be achi eved by basing specinmen increments on | ogica
progressions of the previous "dose" (e.g., 45..90..135 square inches).

In each experinment the specinen shall be wei ghed and nmounted in the hol der and
positioned on the radiant furnace with the thernmocouple in place. After
Exposure, aninmals shall be immediately removed fromthe activity wheel. The
speci nen, when cool, shall be reweighed to determ ne the percent conbusted.
Surviving animal s shall be observed for 7 days for post-exposure lethality, if
any, and general toxicological effects.

4.3 Records. Raw data fromeach test series shall be recorded and submitted on
the TM 5100-1 data sheet and submtted with the final report. Chart recordings,
where appropriate, should be submtted to support test validation and gas

anal ysi s.

4.4 |Interpretation. Toxicity of the fire shelter I am nate shall be based on
animal lethality in the conplete test.

I ndependent | aboratory reports have shown acceptable lam nate materials to have
toxi c potencies significantly |less than the control nmaterial
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Actual results, for exanple, have produced the follow ng data:

Toxi ¢ Response as Lethality
(15- M nut e Exposure)

Surface Area Toxi c Sampl e
Sg. _in. Cont r ol Lani nat e
360 Toxicity Toxicity
270 Toxicity Toxicity

180 Toxicity None

135 Toxicity None

90 Toxicity None

45 None None

The control sanple has denpbnstrated toxicity fromthe heating of 90 square
inches in the test apparatus. For |laminates to be considered acceptable, data
shall reveal, at a minimum no toxicity at one dose |evel greater than the toxic
control (increnental dose factor of 45 square inches) starting with 90 square

i nch speci men.

Additionally, using the average of individual trials, the test |am nate shal
not produce measurabl e HCN concentrati ons exceeding 0.5 ppm square inch
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APPENDI X- - HCN DETECTI ON PROCEDURE

Procedure: Detection of HCN in an atnosphere by Specific lon El ectrode (1)
Equi pnrent: Oion Digital Analyzer nodel 701A or equival ent
Cali bration: 1.0) Prepare five CN standard solutions from10?% to 10°.

1.1) Use .490g of NaCNin 1 liter distilled water containing 10
ms of 10M NaCH (I SA).

1.2) Make serial dilutions from10° to 10° so that each
dilution contains 100 nl.

2.0) To each dilution add 1 m of |ISA; the pH should be
approxi mately 13.0.

3.0) Set up Orion 701A neter with CN el ectrode 940600 and Single
junction reference el ectrode no. 900100.

3.1) Set tenperature dial and then set function switch to REL.
V.
3.2) Using 10" std. Calibrate neter to 0.00.

3.3) Plot concentration curve on 4-stage semnilog paper for all
dilutions.

Note A) Each fold change in dilution should approxinmate + 56MWV; if not, this
i ndi cates el ectrode disfunction. Cean, soak, or lightly polish electrode.
Check manual for nai ntenance.

Note B) Electrode will not tolerate high concentrations of CN without sone
damage; 10% dilution should be recorded rapidly.

(1) Based on method S-250, NI OSH Anal ytical Manual, 2™ ed. U.S. HEW
Publication and Oion el ectrode nethodol ogy, Orion Instrunents.

Air Sanpling: 4.0) Prepare a 0.2 M NaCH scrub solution: i.e., 2 nls of 10 M
NaOH in 98 ms of distilled water.

4.1) Add exactly 6 mls of scrub to a clean 50 Ml beaker and cover
with a watch gl ass.

4.2) Wth a dry 100 cc plastic or glass syringe and needl e
capture the atnosphere using the total 100 cc vol une.

4.3) Using the sanme gas filled syringe, withdraw the 6 nls of
scrub solution fromthe beaker; plug the syringe and swrl/shake
for not less than 1 m nute.
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4.4) Eject the scrub solution back into the sanme beaker and
nmeasure its relative potential.

Calculation: G ven the above sanmpling procedure, the following is the conversion
Factor used in determning HCN in air.

HCN ppm
Using 6cc scrub Miultiply by
At 25°C value fromstd. curve 54. 4 = HCN i n at nosphere

Interference with CN, |ons

S Must be absent

Br 5x10° nol es/ 1 max.
| 0.1 noles/1 max.

d Cl 10° nol es/1 max.



TM 5100- 1A Dat a Sheet

USDA FOREST SERVI CE ACUTE | NHALATI ON TOXI CI TY REPORT
ON FI RE SHELTER CLOTH LAM NATES

TEST RUN DATA

Testing Laboratory Run No.
Sampl e I ndetification Sample Weight Initial (g)
Set Point Tenperature 465 +15°C yes no Sanpl e Wi ght Final (g)
Sample Size (sq. in.) % Loss On Ignition (LO)_
EXPOSURE EFFECTS
I ncapacitation Lethality I ncapacitation Mortality
Ani mal No. Ti me Time (est) Ratio Rati o
Not e:

POST EXPOSURE EFFECT AND OBSERVATI ONS
BODY WEI GHT AND LETHALI TY

Fi nal
Wei ght (g) Wi ght (g) Mortality
Ani mal  No. Initial Day 7 Rati o

EXPOSURE CONDI TI ONS

M NUTES
HCN Yi el d
(0) (5) (10) (15) ppn sq.in.

Furnace Temp (°C)
Exposure Chanber Tenp (°C)
O (%

HCN (ppm)

CO (ppm

Co, (ppm



Suggested List of Suppliers

Description

Supplier

Technical Note

Radiant Heater

Panel:

(8) 14 x .5 inch heating ribbons
mounted on double vitrious board

Specify Series 80 Heater Module No Sheet Metal,
No Grill, 80 V, 1.6 KW

Frame: Stainless Steel Sheet

Sample Support: Stainless Wire Mesh 0.5 inch open

Power supply: Powerstat®, Transformer
120V 1156C or equivalent

Temperature Recorder: Omega Model 99
Type K Recorder

Thermocouple: Type K 12 inch probe, miniature, K116
G-1600-0-12-24.1H x/Kx 41102; Kx 41202 connectors or equivelent

Radiometer: 1 inch water cooled radiometer

Chamber:

Furnace Chamber Pyroceram 1®

(2) plates 17.4 x 10 x .2 inch

(2) plates 17.4 x 9.4 x .2 inch

(2) plates 9 x 10 x .2 inch assembled volume 25L
ports drilled .75 inch diameter w/diamond bit

Porting: Drill glass with diamond drill bit

Fittings:
Ace® ball/socket 28/15 connectors, stock and custom sizes
for smoke pathways

Top Gasket: cut from silicon tubing
Masterflex® 6411-16

Exposure Chamber
Fabricate from 0.5

inch thick Plexiglass® or
equivalent to volume of 13 liters

Glenro Inc.
29 McBride Ave. Ext
Paterson, NJ 04501

Custom Fabrication

Commercial Suppliers

Superior Electric Co.
available from Newark
Electronic, Chicago, IL 60624

Omega Engineering
Stamford, CT 06907

Thermo Electric
Saddle Brook, NJ 07662

Medtherm Corporation
Huntsville, AL 35804

F.J. Gray & Co.
Queens Boulevard
Jamaica, NY 11435

Diamond bits available from
New Jersey Diamond Tool
Kentucky Avenue

Paterson, NJ

Ace Scientific Supply
East Brunswick, NJ 08816

Cole-Parmer
7425 N. Oak Park Ave.
Chicago, IL 60648

Commercial Plastics
98-31 Jamaica Avenue
Richmond Hill, NY 11481

Recess panel in frame
.63 from face with
vitrious board spacer

Provide channel to hold
Sample support at base

Requires high quality MV
Multimeter to operate

Specify no irregularities to
assemble and seal with
G.E. Silicone® at seams

Drill press required

Mate with rubber stopper or
cut silicone tubing at
bulkhead of chamber

Tack in place with G.E.
Silicone 11, seal before each
test with silicone lab stop-
cock grease

Order pre-cut sections or
fabricate/machine in-house



Description

Supplier Technical Note

Whole-body chamber dimension 11L x 10W x 10H inches

Activity Wheel: Acrylic & polypropylene mesh

7.25D x 9.63L inch cylinder. Wheel separators are .25 x 7.25
inch acrylic drilled on center for .25 inch s.s. rod. Polypropylene
mesh is .25 opening size.

Activity Wheel Motor 6rpm: Dayton Model No. 3M104

Exposure chamber seals:
.38 inch neoprene gasket

Lid Latches: 2 inch "South Co"
(Lancaster, PA) rubber latches or equivalent

gas fittings may be .25 MPT nipples drilled into chamber

Recirculating Pump:

Model 7019 large capacity

Peristaltic pump with Dayton® variable speed
motor and controller

Analytical Equipment

(2) Beckman 864 Infrared Analyzers
or equivalent

Beckman D-2 Automatic Oxygen Analyser

ORION 701A
Digital lon analyzer w/ 940600 HCN
electrode and 900100 reference electrode

The above list is not a conplete |ist of
the conpanies |isted or their products.

Fabricate wheels and chuck
support to drive. Seal
bearings in chamber

To prevent leaks

McMaster-Carr
Chicago, IL 60648

Chuck to center rod, build
support

McMaster-Carr

Commercial Hardware

Supplier

McMaster-Carr

Cole-Parmer
7425 N. Oak Park Ave.
Chicago, IL 60648

Beckman Instruments
Fullerton, CA 92634

One analyzer each for CO
and CO; (Peristaltic
Sampling Pump required,
strip chart recorder
recommended)

Orion Research
380 Putnam Avenue

sources nor does it inmply endorsenent of



Lid

Heater Panel
(GLENRO Mfg.)

(Add spacer

Double vitrious board
backer

Stainless Steel
Frame
16 L x 8.5 H x 2.38 D inches

45°
Frame Support

Radiant Heater

Figure 1

16 L x 8.5 H x 1.25 D inches

of .63 vitrious
board between
panel and frame)

Support
channel
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