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Meeting Between:  CPSC staff and attendees at the Business Communications Co
Conference on Fire Retardancy of Polymeric Materials

Date of Meeting: May 22, 2001

Meeting Site: Holiday Inn Select, Stamford CT
Log Entry By: Dale R. Ray, Project Mgr., EC, (301) 504-0962 x1323
Participants: Prof. Menachem Lewin, Polymer Research Center,

Polytechnic Univ., conference director

Dr. Dennis Price, Technical session chairman

Dale Ray, CPSC

+ about 75 representatives of flame retardant chemical companies,
academic researchers, fire protection consultants and
other fire safety organizations

Summary:

The Business Communications Co., Inc., of Norwalk, CT sponsored this annual
conference on flame retardancy. Speakers presented technical papers and discussed
various issues of interest to the FR chemical industry. Copies of the conference program
~ and attendance list are attached.

Mr. Ray presented a paper on the “CPSC Staff Risk Assessment of FR Chemicals
in Upholstered Furniture,” and discussed the staff’s progress in evaluating FR chemicals
that may be used in upholstery fabrics to meet a possible small open flame furniture
standard. He noted that exposure data were needed to complete the staff’s evaluation of
two FR compounds (antimony trioxide and tetrakis hydroxymethyl phosphonium
chloride), and reported that the staff was requesting the assistance of manufacturers to
develop that information. Copies of Mr. Ray’s paper and presentation slides are also
attached.

Mr. Ray responded to a number of questions, including questions about the
chemicals being evaluated by the CPSC staff, the nature and methods of exposure testing,
the relation of CPSC’s work to the National Academy of Sciences (NAS) risk assessment
completed in 2000, and the flammability performance specifications of the CPSC staff’s
draft small open flame standard. Many of the attendees expressed interest in obtaining
and reviewing the risk assessment conclusions and other data to be contained in an
upcoming staff briefing package to the Commission on this project.

Attachments



| At

The Twelfth Annual BCC Conference on Flame Retardancy

RECENT ADVANCES IN FLAME RETARDANCY
OF POLYMERIC MATERIALS

4 4
FLAME Materials, Applications, Research and Industrial Developments, Markets

RETARDANCY

'Holiday Inn Select, Stamford, Connecticut—May 21, 22, 23, 2001

The complete technical/commercial development meeting on flame retardancy.

l Provide a unique opportumty_ for newcomers toFR research tcchnoiogy and marketm 13

. ‘to become acquainted with the FR fieldn allits aspects. :

Discuss halogen-based and nonhalogcn—based ﬂame—retardant cherruca]s synergxsm,

' intumescence, FR mechamsms ‘ modellmg flame parameters; mherently FR polymers and

Sponsored by
- BUSINESS COMMUNICATIONS COMPANY, INC. * 25 Van Zant Street, Norwalk CT 06855 U. S.A
L * “ 203/853-4266 » Fax: 203/853-0348 » E-mail: sales@becresearch.com * Web: www.bccresearch.co

Program Chairman: Professor Menachem Lewin, Polytechnic University



U PP SO S O

THE 2001 CONFERENCE ON FLAME RETARDANCY OF

POLYMERIC MATERIALS

Program as of May 18, 2001 ( Subject to change}

# PREREGISTRATION—SUNDAY 6:00-8:00 pm (Join us for wine and cheese reception); Monpay 7:30-8:15 am

8:15-8:30 am ~ Orznng REMARKS
Prof. Menachem Lewin, Polymer Research Institute, Polytech-

nic University, Brooklyn, NY.

oo . G.-SessionI SR
~"REVIEWS AND GENERAL LECTURES

 May 21, 2001 am

Chairman: Professor Gordon Nelson

8:30-9:00 am
StupEs oN THE CoMBUSTION BEHAVIOUR OF SoME NoVEL FLAME
Retarnep PoLymMER SYSTEMS

D. Price, X. Pyrah, T.R. Hull and G.J. Miines, Institute for
Materials Research (Chemistry), University of Salford, England
and J.R. Ebdon, B.J. Hunt and P. Joseph, Chemistry Depart-
ment, University of Sheffield, Dainton Building, Brook Hill,
Sheffield 83 7HF, England.

The Salford Fire Chemistry Group is applying its range of ex-
perimental techniques {0 assess the fire performance of co-
polymers with phosphorus-containing groups in their struc-
ture. For comparison purposes, the flame retardance and me-
chanical properties of the base polymer system containing
additive flame retardants with the phosphorus in the same
chemical environments are also studied. Results show the re-
active approach yields phosphorus-containing copolymers hav-
ing significant flame retardance and little deterioration in me-
chanical properties, although the additive approach results in
significant loss in mechanical properties.

9:00-9:30 am
SuBSTANTIVE INTUMESCENTS FOR FIBRE-FORMING POLYMERS
A. Richard Horrocks and Sheng Zhang, Bolton Institute, UK.

Application of intumescents to fibers and textiles more often
than not requires their inclusion in a surface-pbonding resin in
orde: to create acceptable levels of durability. This is a conse-
quence of their solubility in aqueous media coupled with the
difficulty of including them as additives within a synthetic
fibre. Also their often multi-component character because of
the difficulty of synthesizing a char source, the acid-generat-
ing species and gas-forming moiety into one single molecule.
Surface coatings have deleterious affects on fabric aesthetic
properties. This paper discusses a development by which the
introduction of substantive intumescence into flame retardant
cotton fibres may be undertaken by conversion of the durable
flame retardant already present into one having enhanced
char-forming and some intumescent characteristics.

9:30-10:00 am

Procress N NyLoN FLame RETARDANCY

Sergei Levchik, Galina Levchik, Belarussian State Univer-
sity, Minsk, Belarus, Edward D. Weil, Polytechnic University,
Brooklyn, NY.

Two of the authors have recently published a detailed review
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and the highlights will be discussed here. While aromatic polya-
mides are successful, modification of the aliphatic polyamide
stucture has been often attempted but seems to fail for rea-
sons mainly of cost. Chlorine- and bromine-containing addi-
tives with a variety of synergists have been successful Some-
what successful altermatives include magnesium hydroxide,
red phosphorus and melamine derivatives. A search for stable
effective additives has led to R&D on phosphorus oxynitride
and some newer melamine compounds.

10:00-10:30 am Coffee Break

10:30-11:00 am
COMEINATORIAL APPROACHES TO MATERIALS FLaMMABILITY RESEARCH

Marc R. Nyden and Jeffrey W. Gilman, Building and Fire Re-
search Laboratory, National Institute of Standards and Tech-
nology, Gaithersburg, MD.

Recently, we have initiated a program of research to develop
high-throughput methods for the formulation and flammabil-
ity screening of multicomponent polymer blends and
nanocomposites. This approach provides us with the cppor-
tunity to explore compositional space and to thus achieve a
more complete understanding of the interactions that gov’ o
the ultimate performance of multicomponent materials.
will report on our efforts to determine optimal compositic..
and conditions for the parallel synthesis.

11:00-11:30 am : ‘
ReACTION-TO-FIRE TESTING AND MopELING FOR WoOD PrODUCTS

Mark A. Dietenberger, Research General Engineeer, Robert
H. White, Supervisory Research Wood Scientist,USDA,
Forest Service, Forest Products Laboratory Madison, WL

In this review we will primarily discuss our use of the oxygen
consumption calorimeter (ASTM E1354 for cone calorimeter
and IS09705 for room/cormner tests) and of modeling Teaction-
to-fires to evaluate treated wood products. With recent devel-
opments towards performance-based building codes, new
methodology requires engineering calculations of various fire
growth scenarios. We discuss results on further specialized
tests for resolving fundamental inadequacies in modeling fire
growth of wood products.

THIS CONFERENCE IS AN EXCELLENT PLACE TO LEARN WHAT'S NEW
AND MEET THE INDUSTRY EXPERTS.

COMMENTS BY SOME CONFERENCE ATTENDEES:

« BCC puts on a great conference. Great collection of
talent and knowledge. Will attend next year. —_

s Very good—excellent.

v Very good atmosphere for discussion.

» This program is excellent! The program and material
will be very helpful.

¢ Excellent opportunity to meet and discuss flame
retardants with leading experts in the field.

s Extremely useful overview of the latest developments.




" 11:30-12:00 noon"

. Fme ResisTanT GLazNG- AN OVERVIEW OF Tmzmommc AND
PyROLYTIC BEHAVIOUR OF DIFFERENT TRANSPARENT Fm_. RESIS- -
“NT MATERIALS ‘

L. Sulumar Varma, Fire Glazing Technology Group Building
Products R & D, European Technical Centre, Pilkington Ple.

The use of fire resistant glazings within the construction and
building refurbishment markets is continually increasing. New
Regulatory and Test Standards are being constantly upgraded
and becoming more sophisticated in assessing fire-resistant
materials in general. Therefore it is of paramount importance
to gain an understanding of how different materials used for
this purpose behave in a fire scenario in order to make better
informed choices.

12:00 noon-12:30 pm

MecHANISTIC STUDIES OF FIRE RETARDANTS In THE GAS Varor
PrASE '

Ed Metcaife, Clive Smith and John Tetteh, University of Green-
wich, UE.

Our earlier studies on degradation kinetics during polymer com-
bustion have highlighted some of the mechanistic aspects of
the formation of toxic species such as cyanides and isocyan-
ates. Studies highlight volatile phosphorus-based flame retar-
dants and model compounds such as trimethylphosphate, with

~ model hydrocarbon fuels simulating polymers and degradation

products. On-line FTIR spectroscopy has been used to monitor
reactant and product concentrations. We describe how gquanti-
tative target factor analysis is used for this purpose.

3:30-1:30 pm Lunch

Session I

INHERENT FR POLYMERS
May 21, 2001

Chairman: Dr. Marcelo Hirschler

1:30-2:00 pm

A NoveL SysteM For FLAME RETARDING POLYAMIDES

Menachem Lewin and Jiri Brozek*; Polymer Research Insti-
tute, Polytechnic University, Brooklyn, New York, and Marvin
M. Martens, DuPont de Nemours, Parkesburg, WV,

*Present address: Institute of Chemical Technology Prague,
Chech Republic.

Some results on a novel system for flame retarding polyvamides
are presented. According to this system 1.5-2.5 wt.% of am-
monium sulfamate (AS) or diammoniumimidodisulfonate
{DIBS) together with a small amount (1.0 wt.%) of a charring

" agent, such as pentaerythritol or its derivative, yield fully flame

retardant polyamide 6 and 66. Thermoanalytical data are pre-
sented and some anlytical results on the gaseous pyrolysis
products are shown.

2:00-2:30 pm

RAPHITE-PoLYMER NanocoMpostTES: A CoMPARISON WITH CLay-
‘OLYMER SYSTEMS.

Dr. Charles J. Wilkie, Department of Chemisty, Marquette

University, WI.

Graphite-polymer nanocomposites have been prepared using
two different precursors and these are compared and com-
pared with the analogous systems obtained using clays.

2:30-3:00 pm
A New FIre ResistanT Eroxy

‘E. Lyon, L.M. Castelli, and R.N. Walters, Fire Safety AAR-422
Federal Aviation Administration, W.J. Hughes Technical Cen-
ter, Atlantic City International Airport, NJ.

The thermal, mechanical, and fire properties of a new epoxy
derived from 1,1-dichloro-2,2-bis(4-hydroxyphenyl)ethylene
(bisphenol-C/BPC) are reported and compared to values for
bisphenol-A (BPA) epoxies. The BPC and BPA epoxies have
identical thermal and mechanical properties but the BPC ep-
oxies exhibit superior ignition resistance and 50% lower heat
1elease rates compared to the corresponding BPA epoxy. The
BPC epoxy cured with methylenedianiline {(MDA) had a limit-
ing oxygen index (LOI) of 30-31, exhibited UL 94 V-0/5V behay-
ior and easily passed the FAA heat release requirement for
aircraft interior materials.

e

3:00-3:30 pm Coffee Break

3:30-4:00 pm

Serr-ExtmicuisuNg Eroxy Resms witHOUT FLaME RETARDANTS:
THEIR POTENTIAL APPLICATION IN ELECTRONIC COMPONENTS
Yuldhiro Kiuchi and Masatoshi Iji, Environment Techno!ogy.
Laboratories, NEC Corporation, Japan.

Environmentally friendly epoxy resin compounds w1thout
flame retardants such as halogen and phosphorous deriva-
tives have been developed for electronic components. The
compounds include phenol-aralkyl-type epoxy resins and hard-
eners, both containing aromatic substituents in their novolac-
type structure. They show self-extinguishing properties and
are highly safe when bumed and disposed of. Application to
molding resins for integrated circuits and substrates for printed
wiring boards resulted in components with high flame
retardancy and other good characteristics for practical use.

4:00-4:30 Bu : ) .
Stupies oF PLasma Appriep PoryMER FIRe RETARDANT COATINGS
C. Jama, A. Quede, O. Dessaux, P. Goudmand, R. Delobel and M.
Le Bras, Universite des Sciences et Technologies de Lille, Ecole
Nationale Superieure de Chimie de Lille, Laboratoire de Genie
des Procedes d'Interactions Fluides Reactifs-Materiaux , France.

Study investigates the thermal stability of the organosilicone
thin films obtained from polymerization of 1.1.3.3-
tetramethyldisiloxane monomer doped with oxygen using a
cold remote nitrogen plasma process. The thermal degrada-
tion behaviors of deposits under pyrolytic and therm-oxida-
tive conditions show that the residual weight evolution with
temperature depend drastically on the chosen atmosphere.
Higher amounts of a solid residue are obtained under air, which
demonstrates that atmospheric oxygen participates to the deg-
radation mechanism Limiting Oxygen Index and cone calo-
rimetry results show that deposits are efficient fire retardant
coatings.

4:30- 5:00 pm

CELL SURFACE AREA AND FoAM FLAMMABILITY

Martha K. Williams, Gordon L. Nelson, James R. Brenner, Erik
8. Weiser, and Terry L. St. Clair. NASA, Labs and Testbeds,
Kennedy Space Center, FL, Florida Institute of Technology,
Melbourne, FL, NASA, Langley Research Center, Hampton, VA.
While polyimide properties have been studied previously, the
majority of the data relate to films and not foams. Foams have
much more surface area and thus are a greater challenge to
fire retard. Because of the intrinsic flame retardancy of aro-
matic polyimides, one has the ability to investigate the effects
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of changes in density, surface area, and chemical structure on
their properties. Radiant panel and cone calorimeter data show
that differences in surface area and cell size appear to have a
larger effect than density or differences in chemical structure.

5:00-6:30 pm Reception

Session III

HALOGEN/NON-HALOGEN-BASED FLAME

. RETARDANTS
. ) - May 22, 2001
Chairman: Dr. A. Richard Horrocks

8:30-9:00 am
FsE RETARDANT EFFICIENCY AND PROPERTIES OF ALIPHATIC
Brovme CoMPOUNDS IN STYRENIC COPOLYMERS

1. Finberg, Y. Bar Yaakov and P. Georlette, DSEG, Beer Sheva
Israel, G. Squires, T. Geran Ameribrom, Fort Lee, NJ.

A wide span of good retardancy levels can easily be achieved
by the use of brominated fire retardants particularly efficient
in styrenic copolymers. Aliphatic bromine containing fire re-
tardants are very efficient in reducing burning times but do
not prevent dripping. They are recommended for applications
where the UL 94 class V-2 is required. DSBG is now introduc-
ing applications with tris(tribromoneoperntyl) phosphate com-
bining 70% bromine with 3% phosphorus and a melting point
of 180°C. Its molecular structure provide outstanding thermal
and light stability. They are not expected to pose any risk to
health or the environment. o

9:00-9:30 am

AN ATTEMPT AT A BaLaNcED VIEW OF THE HALOGEN CONTROVERSY
{2001)

Edward D. Weil, Polytechnic University, Brooklyn, NY.
Halogen-containing plastics and halogenated flame retardants
are still subject to a lively and ongoing controversy. Since our
reviews in 1999, there has been new environmental and toxi-
cological data, risk assessment by governmental and non-gov-
ernmental groups, new waste disposal proposals, improved
waste disposal methodology, R&D on alternative materials, as
well as activist proposals for drastic actions. Industry has de-
veloped halogen and non-halogen products which are alterna-
tives. Some fire hazard information has been developed on
electronic products lacking flame retardants. Much R&D around
the world has been stimulated by this controversy, and some
new products are entering the market. '

9:30-10:00 pm
EVA Nano Comrosites DispLay IMPROVED PR PROPERTIES

Dr. Gunter Beyer, Kabelwerk EUPEN AG, Belgium.

Compounds based on ethylene vinyl acetate copolymers (EVA}
and layered silicates (montmorillonites) modified by various
alkylammonium cations were processed by mechanical knead-
ing in internal mixers and extruders. Depending on the
alklammonium nature, microcomposites or nanocomposites
were obtained. Thermogravimetric analysis performed under
different atmospheres shows the increase in thermal stability
of the layered silicate-based nanocomposites. Cone calorim-
etry was studied to investigate their flame 1etardant proper-
ties. Nanocomposites show a dramatic increase in the reduc-
tion of heat release and further improvements on other impor-
tant fire-parameters.
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10:00-10:30 am Coffee Break

10:30-11:00 am

Zmc BoraTE AS A Fire RETARDANT IN EpoxY SYSTEMS

Eelvin K. Shen, Ph.D., U.S. Borax Inc.

The use of zinc borate as a flame retardant and smoke sup-
pressant in both halogen-containing and halogen-free epoxy
gystems will be reviewed. Its applications include intumes-
cent coatings, flooring products, encapsulant for electronic

. companents, printed-circuit boards, etc.

11:00-11:3C am

Hicury BroMmATED ORGANONITROGEN CoMPoUNDS As POTENTIAL
SynercisTIC FLAME RETARDANT AGENTS.

Bob A. Howell, Center for Applications in Polymer Science,
Central Michigan University, Mt. Pleasant, ML

Flame retardant agents which combine good gas-phase activ-
ity with the ability to promote char formation have the poten-
tial for superior performance at lower loading than that neces-
sary for compounds displaying only a single mode of action.
Nitrogen compounds have been used in combination with
organchalogen flame retardants to achieve solid phase activ-
ity while preserving the gas phase effectiveness of hydrogen
halide/halogen atoms. Compounds that contain high levels of -
both nitrogen and bromine may confer effective dual-action
flame retardancy.

. SessionlV
CONSUMER FOCUS INDUSTRIAL

APPLICATIONS =
“'May 22,2000

Chairman: Dr. Dennis Price

11:30-12:00 noon

PrEnuM CasLe: A REVIEW OF THE PAST AND PREDICTIONS FOR

D. Harrison (Dave) Paul, Applied Chemical Technology, St.
Louis, MO.

12:00 noon-1:30 pm lunch

1:30-2:00 pm :
PERFORMANCE REQUIREMENTS FOR FIRE SAFETY OF WIATERIALS IN
1.S. Navy SHIPS AND SUBMARINES

Usman Sorathia, Fire Protection/Sea Survival Branch, Naval
Surface Warfare Center, Carderock Division, G. Long, B. Scholl,
M. Blum, J. Ness, T. Graclk, West Bethesda, MD.

To facilitate the introduction of new and modified fire tolerant
materials/systems/designs, and to reduce the financial bur-
den on small business, the U.S. Navy has developed a low cost
composite system fire screening protocol which offers the
potential of predicting full scale fire performance. Fire growth
potential of new composite systems and design can be
screened by using small-scale test data from one calorimeter
(ASTM E 1354) and Lateral Ignition Flame spread Test {ASTM
E 1321) in conjuction with the Composites Fire Hazard Analy-
sis Tool (CFHAT). The small-scale Burn-Through test (2x2ft M-
was shown capabie of screening fire resistance performar
determined in furnace testing with UL 1709 fire curve.
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2:00-2:30 pm ‘
Sprray-on, NON-PERMANENT Fme RETARDANT FOR Rssmm
Smmc

/° TArthurF. Grand, Omega Pothaboratones Inc Elmendod TX

Vood Siding was the primary substrate evaluated in this study,
with some additional testing on vinyl siding. The test protocol
invoived subjecting one meter square specimens to heat fluxes
of 15 and 25kXW/m2 in the presence of an open-flame ignition
source, using a modified ICAL apparatus (ASTM E1623). Time
delay to ignition of the treated specimen was the primary

" measured property, while mass changes prior to and during
the fire exposure also were recorded. The gel-water treat-
ments extended the times to ignition of painted wood siding.

2:30-3:00 pm

CPSC Risk AssessMENT OF FR MATERIALS IN UPHOLSTERED

Dale R. Ray, Project Manager, U.S. Consumer Product Safety
Commission, Bethesda, MD.

The U.S. Consumer Product Safety Cormmssmn {CPSC) is de-
veloping a possible flammability performance regulation for
upholstered furniture. Residential fires in which upholstered
fumiture was the first item ignited account for more fire deaths
than any other category of consumer products; total socistal
costs in 1998 were over $3.5 billion. As a part of the standards
development process, the CPSC staff assessed potential health
risks associated with the use of FR compounds that may be
used in upholstery fabrics to meet a new standard. CPSC also
sponsored a study of toxicological risks by the National Acad-
emy of Science; the findings were incorporated into the CPSC

~~staff risk assessment.

3:00-3:30 pm Coffee Break

3:30-4:00 pm _

Frame Rerarpant ComrosrTes BoARDS WITH VERMICULITE
Ryszard Kozlowski, Bozena Mieleniak and Alojzy Przepiera,
Institute of Natural Fibres, Poznan, Poland,

Results presented in this paper are focused on developing
lignocelulosic hoards by using amino resins with reduced level
of formaldehyde emission, which are based on flax shives,
waste wood particles and vermiculite in unexpanded and ex-
panded forms. The effect of different ratios of mineral par-
ticles to lignocellulosic ones and different fractions of both
unexpanded and expanded vermiculite on flammability and
physical and mechanical properties of homogeneous and
three-layer boards was investigated. This resulted in devel-
oping production technology of three-layer composite boards.

4:00-4:30 pm

EuropeaN ReGuraToRY ACTIVITY REGARDING BROMINATED FLAME
Reraroants, aNp Its EFFect ON THE FLAME RETARDANT
CrEMICALS INDUSTRY

Terry Hull, Editor, Flame Retardancy News, BCC, Inc.

One of the most interesting dramas in the theater of the flame
retardant chemicals industry is the controversy regarding al-
leged dangers of brominated flame retardants. Center stage

= for that drama is Europe. A growing chorus of consumer and

=nvironmental activists are voicing a variety of concerns about
the effects of brominated chemicals on health and the environ-
ment. They especially target the use of bromine-based prod-
ucts in polycarbonates and other plastics used in computers
and other electronic devices. The European Commission's pro-
posed WEEE (Waste of Electrical and Electronic Equipment)
Directive gives prominent attention to brominated retardants.

Manufacturers of brominated retardants respond that possible

. .dangers have been linked to only a few of thé&"dozens of bromi-
nated retardants on the market. This report presents an update
" on the status of the WEEE directive, activism against bromi-

nated retardants, and how manufactures are responding to the
controversy.

4:'30-5:00 pm

. TestiNG oF CoTTonN BALES TO EVALUATE FLAMMABILITY AND

Hazarp POTENTIAL

P.J. Wakelyn, Senior Scientist, National Cotton Council, Wash-

ington, DC, USA and S.E. Hughs, Research Leader, USDA, ARS,

Mesilla Park, NM, USA.

Bales of cotton were classified by International Maritime Or-

ganization (IMO) code regulations as a flammable solid (Class

4.1.), which required hazardous goods papers to accompany

waterbome shipments. This IMO regulation was based on an-

ecdotal evidence and historical beliefs not substantiated by

science. Cigarette, match, and open flame (CA TB 129/ ASTM

1590) tests were conducted; the potential for self heating and

spontaneous combustion was evaluated; and the potential of
cotton bales sustaining smoldering combustion in their interi-

ors at various compression densities was studied. Flammabil-

ity evaluations led to IMO removing this designation for bailed-
cotton [compressed to a density of 360kg/m3 (22.4 Ihs/ft3) or
greater; meets ISO 8115), effective Jan 1, 1999, .

5:00-6:30 pm Reception

Session V.
STANDARDS AND TESTING

May 23, 2001

Chairman: D1, Kelvin Shen

8:30-9:00 am

THE FLaMMARILITY OF RAISED SURFACE COTTON APPAREL:
RecuLaTiOoNs, Issugs, anp ContrOL OPTIONS

William A. Rearick, Michele L. Wallace, Vikki Martin, Cotton
Incorporated, Dr. Phil Wakelyn, National Cotton Council.
About 65% of the adult garments recalled by the Consumer

" Products Safety Commission (CPSC) since 1980 for flammabil-

ity reasons (16 CFR 1610), have been cotton or cotton blends.
Over 45% of these items were fleece, and 75% were raised-
surfaces apparel. 1999 data indicates, 374,000 bales out of
979,000 bales of fiber used in fleece apparel, were cotton. There
is significant interest in 100% cotton raised surface garments
that pass flammability tests. This research includes evaluation
of chemical treatments that are successful for other cotton sub-
strates and new chemical systems.

9:00-9:30 am

A New GENERATION OF FIRE-REsisTanT SEAT CUSHIONING FOR
Ampne INDUSTRY

Chandrasiri Jayakody, Dan Myers, Malcolm Crocker, Jeff Bridge
and Carl Ogburn, Chestnut Ridge Foam, Inc., Latrobe, PA.

A new generation of low density, open-cell, fire-resistant air-
craft seat cushioning materials has been developed. Airflex®
is manufactured in distinct seat and back cushioning selec-
tions, in a variety of colors for a variety of firmness choices.
The new foam materials will easily meet fire-testing standard
required by the Federal Aviation Administration. Fire-resis-
tant properties and physical properties of these polyurethane-
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polychloroprene hybrid foam materials will be discussed.

9:30:10:00 am _

FLAMMABILITY, ELECTRICAL PROPERTIES, AND RESISTANCE TO IGNT-
110N oF Porymeric Materiats, UL, 94, UL 746A, ano UL 746C
John Stimitz, Underwriters Laboratories, Inc. Melville, NY.
An overview of the Flammability levels of polymeric materi-
als, and electrical properties. A review of the test methods
used for the determination of the resistance of ignition from
electrical sources and electrical properties. Also presented
will be an overview of new activities and recent develop-
ments pertinent to the plastic categories.

10:00-10:30 am Coffee Break

10:30-11:00 am -
Stupes oF FR Porvester Resmvs Usmia ConeE CALORIMETRY

P A. Atkinson, P.J. Haines, G-A Skinner, Kingston University,
Kingston, UK & J.P. Redfern, Director, F1R.E. Ltd., Orpington, UK
Polyester resins suffer from their inherent flammability. The
effects of using halogenated monomers and of incorporating
fire retardant additives have been studied by a wide range of
methods. Tin compounds have been shown to be effective
flame retardants and smoke suppressants, especially with ha-
logenated polyester resin systems through studies at the In-
ternational Tin Research Institute and by others. This paper
reports a comprehensive study of fire behavior using a cone
calorimeter which has been carried out on resins with and
without tin-based additives. The changes in ignition behav-
ior, heat release rate, smoke and gas emissions have shown
significant advantages for these additives.

11:00-11:30 am .

MopeLmvG ToxiciTy oF Various Larce ScaLe Fire CONDITIONS
Usmic THE Purser FURNACE

T Richard Hull, Irene G. Areri and David A, Purser, Institute for
Materials Research, University of Salford, U.K.

A Purser furnace is being used to investigate the combustion
toxicity of arange of C, H, O-containing polymers. The effect
of fire conditions has been investigated in terms of the equiva-
lence ratio @. In many cases the CO evolution is dependent
solely on the equivalence ratio, and independent of the chemi-
cal structure of the polymer. The carbon monoxide yield of the
fire gases increased with increase in fuel-air ratio. For PE, PP,
PMMA and 19% EVA and 26% EVA, the CO evolution was
independent of the polymer and depended only on @ ratio. PS
gave higher CO vyields at low fuel/air ratios, and lower CO
yields at high fuel-air ratio in comparison with the other poly-
mers studied. The CO yield translates to a fractional effective
dose, showing a three fold increase in the fire toxicity in go-
ing from fuel lean (9=0.5) to fuel rich {@=1.5) conditions. Cur-
rently, the influence of hydrated metal oxide fire retardants on
the combustion toxicity is being studied.

11:30-12:00 noon

DETERMINING THE FIRE SAFETY OF A MATERIAL Via HaZARD
ASSESSMENT

Marcelo M. Hirschler (GBH International, Mill Valley, CA) and
Donald J. Hoffmann and John M. Hoffman (Safety Engineering
Labs, Warren, MI)

When applications with fire safety implications were propoesed
for a certain material, questions were raised as to its suitabil-
ity. Cone calorimeter tests were conducted and the results
used to analyze whether to recommend the materials for use

6

within 4 applications: exterior finish, interior finish, automo- o
tive transportation and airport terminal seating. The material
was found safe for three of the proposed applications, and that
it could also be used, with some limitations, in the other. o

12:00 noon-12:30 pm ‘
FLAMMABILITY STUDIES OF FIRE RETARDANT Coarmics Usma CoNE
CALORIMETER

' J. Koo, W. Wootan, W. K. Chow (2), H. W. Au Yeung (2), and S.

Venumbaka (2) Center for Environmental and Industrial Sci-
ence Southwest Texas State University, 2) Department of Build-
ing Services Engineering, The Hong Kong Polytechnic Univer-
sity, Hong Kong, China. :

This paper describes as an attempt to use Mass Loss Cone
Calorimeters to study new FR coating and optimize the thick-
ness of these coatings based on ASTM E-84 test conditions.
Several ASTM E-84 Class A materials were used for control
materials and were compared with different systems under
the sameé testing conditions of the Mass Loss and Cone Calo-
rimeters. The Calorimeter data were compared between two
sets of FR coating (solvent-and-water-based) tested under the
same heat flux of 50kW/m2. A correlation developed between

. the Cone Calorimeter data and ASTM E-84. Results of a large

number of water and solvent-based FR coatings on wood were,
used to predict the performance and optimal thickness of sev-
eral new FR formulations. Four systems were tested. Three
different thicknesses of coatings were applied on Douglas Fir
plywood specimens with dimensions of 10-by 1.9-cm. Bare
Douglas Fire plywood specimens without any coating were
tested. .

12:30-1:30 pm Lunch p—

1:30 pm Conference Adjourned

ﬂ FLAME RETARDANCY NEWS

AME RETARDANCY NEWS reports on:

»  Recent Developments in FR Polymer Technology: PBI, LCPs, Aramics, PPS, Engi-
peering Polymers, Polyolefins, PVC, Polyurethanes.

«  New Advances in Additives and Monomers: ATH, Bromine, Zinc Borates, Magne-
sium, Antimony Oxide, Phosphorus.

«  News from Specific and Imporiant Application Areas: Aerospace, Wire and Cable,
Construction, Interiors & Furnishings, Appliances, Computers/Business Machines.

+  The Latest Advances in Modeling, Testing, Mechanisms and Smoke & Toxicity.

A monthly newsletter, $450 per year

EXHIBITS

(1) Fre Testive TEcHNoLOGY: Fire/SMoxe TesT INSTRUMENTS

‘Marcelo M. Hirschler (GBH International, Mill Valley, CA}
and Stephen Upton (East Grinstead, UK.)

Fire Testing Technology t(FTT)._fOunded in 1989, manufac-
tures the lazrgest range o reaction-to-fire test instruments
in the world, including the oxygen index, NBS and mIO
smoke chambers, and cone calorimeter. FTT recently have
added all the European regulatory requirement tests, in-
cluding on: singie burning item (SBI), ignitability, floonng
radiant panel, noncombustibility, and the International Man-
time Organization (IMO) smoke and flammability tests.
Similarly, FTT is the ‘world’s exclugive manufacturer of the
FM flammability apparatus, required for cleanroom mate- |
rials. It provides a wide range of plastics and cable fir
tests, for all of which it is the world's leading supplier. FT
which owns the fire testing instrument trade mark, Stanto.
Redcroft, provides supply, service, spares, mainienance
contracts and technical support for all fire test instruments.

(2) Fre InsTRUMENTATION & RESEARCH EQUIPMENT Ltp.
J.P. Redfern, Rod Bell
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‘THE 2000 ANNUAL CONFERENCE—RECENT ADVANCES IN FLAME

FLAME - RETARDANCY OF POLYMERIC MATERIALS
RETARDANCY ‘ _

Business Communications Company, Inc.

The 2000 BCC Conference on the Flame Retardancy of Polymenc Matenals was he]d in Stamford, CT in May 2000
The following papers were delivered: : -

New Directions in FR Technology: Reviews and Mechanisms-«/O Chemistry Studies under Different Conditions » Fiber-Optic Measurements of the
Condensed Phase Spectra of Burning Polymers * Poly(Sodium Styrenesulfonate): A Self Intumescent Material » Ecological Aspects of Polymer Flame
Retardation » An Investigation of Thermal Degradation of Polymer Flame Retardant Additives: Triphenylphosphine and Modified/Intercalated
Trimethylphosphine + Determination of Thermal Barrier Properties of Fibre/Intumescent Textile Composite Systems » Flammability and Thermal Stability
Studies of Polymer Layered-Silicate (Clay) Nanocomposites « Inherent FR systems/System Performance—Novel Flame-Retardant Polyurethanes » Quan-
titative Analysis of Volatile Products and Char Formation for Engineering Plastics * Role of Silicones in Flame-Retarded Polymer Systems » PA-6
Nanocomposite in Intumescent Formulations » The Flammability of Decorative Trimmings  Important Trends in Halogenated FR Polymer Technology—
Flame Retardants for Enhanced Properties in Polyolefins » A Balanced View of the Halogen Controversy * Bromine/Chlorine Synergism » Non-Halogen FR
Polymer Technologies—Melamine Flame Retardants: A Promising Future * Flame Retarding Polypropylene by a Novel Systemn « New Flame Retarding
Silicone Compound for Polycarbonate and Its Derivatives * Vitreous Fillers as a Smoke Suppressorin Intumescent Coatings » Metals as Synergists for Fire .
Retarded Polymers « Phosphorus-Based Fire Retardants in Epoxy Resins « New Test Results on Mechanisms and Performance of Molybdenum, Tin, and -
Zinc-Based Flame and Smoke Suppressants » New Developments with Phorphorus-Based Flame Retardants for the Plastics Industry « Maximizing Fire Test
Performances of Polyolefins with Zinc Borate » New Aluminum Hydroxides for Printed Cireuit Boards and Public Transport Applications * Consumer/Focus,
Industrial Applications—Plenum Cable Fire Test: History, Implications « Flame-Retardant Fabrics and Composites Based on Natural Fibers for Upholstery
and Interior Fittings « The Influence of Some Flame Retardants on the Flammability of Wood Studied by Cone Calorimeter » Synthesis and Evaluation of
/MAmino Boronates Derived from Boric Acid for Fire and Decay Protection » CP{ SC Fire Safety Activities Affecting FR Materials « Testing, Standards and

¢ Environmental Issues—The New European Test and Classification System for Reaction to Fire and Resistance to Fire  Tests for Flammability of Smalt
Jomponent Materials » Smoke Toxicity: Yields of Toxicants in Fires and Implications for Lethality and Incapacitation.
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Q $375 for non-attendees or O $275. for attendees. (Check enclosed.) Overseas, please add $50; two or more books $75.
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U.S. CONSUMER PRODUCT SAFETY COMMISSION
RISK ASSESSMENT OF FR MATERIALS IN UPHOLSTERED FURNITURE!

Dale R. Ray

Project Manager

U.S. Consumer Product Safety Commission
Bethesda, MD USA

Abstract;

The U.S. Consumer Product Safety Commission (CPSC) is developing a possible
flammability performance regulation for upholstered furniture. Residential fires in which
upholstered furniture was the first item ignited account for more fire deaths than any
other category of consumer products; total societal costs of furniture-related,
unintentional-fire losses in 1998 were over $3.5 billion. As a part of the standards
development process, the CPSC staff assessed potential health risks associated with the
use of certain FR compounds that may be used in upholstery fabrics to meet a new
standard. CPSC previously sponsored a study of potential FR chemical health risks by
the National Academy of Sciences (NAS); the findings of the NAS study were submitted
to Congress and CPSC in 2000. CPSC is also working with the National Institute of
Occupational Safety & Health (NIOSH) to investigate potential worker health effects, and
with the Environmental Protection Agency (EPA) to evaluate the need for other controls
on FR fabric uses.

! The author prepared this paper as part of his official duties at the U.S. Consumer
Product Safety Commission. The paper is in the public domain and may be freely
excerpted or reproduced. The views expressed are the author’s and do not necessarily
represent the official position of the Commission.




Introduction

The U.S. Consumer Product Safety Commission (CPSC) was created in 1973 by
an act of Congress (the Consumer Product Safety Act, 15 U.S.C. § 2051 et seq.) as an
independent Federal regulatory agency with the primary mission to protect the public
from unreasonable risks of product-related death and injury. CPSC has broad jurisdiction
over household products, with specific exceptions such as tobacco products, medical
devices, food and drugs, motor vehicles, firearms, and pesticides. The agency has three
Commissioners, who collectively set policy and vote on matters of regulatory action, and
a staff of about 500. CPSC’s fiscal year 2001 budget is $52.4 million.

The Commission has undertaken numerous fire safety activities over the years
that have contributed, along with other factors, to a decline in U.S. residential fire losses.
These activities include mandatory fire safety standards for mattresses, matchbooks,
carpets and rugs, cigarette and multi-purpose lighters, apparel and children’s sleepwear,
solid fuel heating equipment, and cellulose home insulation. CPSC has also supported
numerous voluntary standard development efforts on almost every significant category of
products associated with fire hazards.

Despite gradual reductions in residential fire losses over the past two decades, the
risk to the public from fires involving consumer products remains high. In 1998, fire
departments responded to an estimated 332,300 residential fires in the U.S. (excluding
incendiary and suspicious fires). These fires caused an estimated 2,660 civilian deaths,
over 15,200 injuries, and about $3.6 billion in property damage.

Ongoing standards development activities regarding upholstered furniture and
mattresses and bedding may lead to increases in the use of FR materials. In the case of
upholstered furniture, the CPSC staff has developed a draft flammability performance
standard that would likely result in the use of FR materials.

Upholstered Furniture Flammability

Upholstered furniture fires are a leading cause of fire deaths among products
under CPSC’s jurisdiction. In 1998, these fires accounted for an estimated 520 deaths,
1,420 injuries and over $200 million in property damage (again, excluding losses from
incendiary and suspicious fires). Smoking material-ignited furniture fires--virtually all
involving cigarettes--accounted for most furniture fire losses (370 deaths in 1998). The
other principal furniture fire risk involves ignition by open flames, predominantly small
flame sources like lighters, matches and candles (100 total deaths in 1998). About two-
thirds of small open flame-ignited fires involved childplay; about two-thirds of the
fatalities were also children, mostly young children under age 5.

CPSC’s furniture testing conducted over the past two decades shows a steady
increase in cigarette resistance, attributable to the rising popularity of smolder-resistant
polymeric materials such as thermoplastic fabrics and polyurethane foam fillings. The




cigarette ignition criteria of existing voluntary guidelines established by the Upholstered
Furniture Action Council in 1978 encouraged the use of cigarette ignition-resistant
materials and constructions, The vast majority of currently produced furniture is cigarette
ignition-resistant.

Most furniture currently produced or in use will not, however, resist ignition from
a small open flame. Smolder-resistant polymeric materials do not reduce open flame
ignition propensity; in fact, many fire safety experts have expressed concern about the
potential for polymerics, once ignited, to burn more rapidly and intensely, and to produce
toxic combustion products. There is no nationwide standard in the U.S. addressing the
open flame risk.

In 1993, the National Association of State Fire Marshals (NASFM) petitioned
CPSC to initiate a regulatory proceeding to address all fire risks associated with
upholstered furniture. NASFM suggested that CPSC adopt California or other existing
standards. The Commission granted the petition in part, with respect to small open flame
ignition, denied the petition with respect to large open flame ignition, and deferred action
on cigarette ignition pending further evaluation of the level of cigarette ignition resistance
among currently produced furniture.

Pursuant to the Commission’s decision, the CPSC staff developed a draft small
open flame performance standard. This draft standard contains two basic tests, for
seating area composites (using a bench scale test method and seat/back cushion mockups)
and for dust covers. In each test, a 35-millimeter butane flame (simulating a lighter or
match) is applied for 20 seconds. The test sample must exhibit no continued flaming or
other combustion for more than 2 minutes after removal of the test flame. Further,
flaming may not extend beyond any edge of the test sample. The CPSC staff is
considering an alternative to the seating area test; this alternative would allow the use of
fire-resistive barriers to prevent fire growth. Under this possible alternative,
manufacturers could choose to meet either the seating area test or the alternate barrier
test. Such an alternative would probably be economically practical for certain higher-
priced articles of furniture; these products comprise less than 5% of the current market.

In furniture mockup tests, fabrics appeared to be the most important determinant
of flammability performance. Some FR fabrics that are widely used in the United
Kingdom were observed to perform well in combination with non-FR polyurethane foam
in the CPSC staff’s tests. The CPSC staff also tested a variety of foam fillings, including
FR foams used in California and the U.K.; the choice of foams had little effect on
mockup ignition behavior.

FR Chemical Issues

The CPSC staff’s draft standard specifies only performance criteria; it allows but
does not require any particular approach to achieve compliance. Furniture and textile
manufacturers have reported, however, that FR fabrics would likely be used to meet such
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a standard. These may include fabrics with ER backcoatings, immersion or topical FR
finishes, or inherently FR fibers.

The likelihood of FR use led CPSC to investigate whether FR treatments could
pose risks to human health. In 1998, the Commission deferred regulatory action pending
an evaluation of potential toxic health effects associated with possible consumer exposure
to FR fabric treatments. CPSC held a two-day public hearing in May 1998 to gather
additional information on human toxicity, ecotoxicity, and other risk-related issues.

The Fire Retardant Chemicals Association identified 16 chemical compounds or
classes as the most likely candidates for use in fabrics to meet a small open flame
standard. Some of these, including certain bromine- and phosphorus-based compounds,
are currently used in upholstery fabrics, either in the U.K. or in other U.S. textile
applications; none is used in U.S. residential furniture fabncs The 16 compounds or
classes are:

Decabromodipheny! oxide
Hexabromocyclododecane

Phosphonic acid, (3-{[hydroxymethyl]amino}-3-oxopropyl)-dimethyl ester
Tetrakis (hydroxymethyl) phosphonium salts
Zinc borate

Alumina trihydrate

Magnesium hydroxide

Ammonium polyphosphates

Antimony trioxide

Tris (chloropropyl) phosphate

Tris (1,3-dichloropropyl-2) phosphate
Calcium and zinc molybdates

Antimony pentoxide and antimonates
Chlorinated paraffins

Aromatic phosphate plasticizers

Organic phosphonates
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In response to the public hearing, toxicity and exposure data were provided on many of
these compounds. The CPSC staff is using this information in its evaluation of potential
FR chemical risks.

NAS Health Risk Study

In CPSC’s fiscal year 1999 appropriation, Congress directed the agency to
sponsor an independent, 12-month study of FR chemicals by the National Academy of
Sciences’ Committee on Toxicology. This study was to assess potential health risks
associated with the use of FRs that might be used in upholstered furniture fabrics to meet
a CPSC flammability standard. The Commission was prohibited from proposing any
upholstered furniture regulation until it considered the NAS’s conclusions.




To conduct the study, NAS selected a subcommittee of experts who reviewed all
available toxicity and exposure data for the 16 identified chemicals or chemical classes.
The subcommittee held three public meetings in 1999. The CPSC staff provided
scientific data and documents to the subcommittee.

The subcommittee reviewed toxicity and exposure data on the 16 FR chemicals or
chemical classes identified by the FRCA as likely candidates for use. Exposure data were
generally limited or not available. Thus, the subcommittee used very conservative
assumptions in their estimates of consumer exposure. NAS noted that this approach
tended to overestimate the potential exposure and risk to consumers; the actual risk would
probably be lower than that estimated by the subcommittee. In addition, the
subcommittee based its assessment of certain FR chemical classes on surrogate
compounds. These were often the most toxic chemicals in the class, or chemicals for
which the most data were available; the surrogates were not always the most likely
chemicals to be used in furniture fabrics. Thus, the risk to consumers associated with
these chemicals would be lower if the chemicals used for FR treatments were less toxic
than the surrogates used in the NAS assessment.

The final NAS report, “Toxicological Risks of Selected Flame Retardant
Chemicals,” was published in July 2000. The NAS report concluded that 8 of the 16 FR
chemicals reviewed would present minimal risks, even under worst case assumptions .
about exposure. These were:

Decabromodiphenyl oxide

Hexabromocyclododecane

Phosphonic acid, (3-{[hydroxymethyl]amino}-3-oxopropyl)-dimethyl ester
Tetrakis (hydroxymethyl) phosphonium salts (chloride salt}

Zinc borate ‘

Alumina trihydrate

Magnesium hydroxide

Ammonium polyphosphates

Additional exposure studies were recommended for the remaining 8 chemicals to
determine the need for further toxicity studies:

Antimony trioxide

Tris (chloropropyl) phosphate

Tris (1,3-dichloropropyl-2) phosphate

Calcium and zinc molybdates

Antimony pentoxide and antimonates

Chlorinated paraffins

Aromatic phosphate plasticizers (tricresyl phosphate)
Organic phosphonates (dimethyl hydrogen phosphite)



Other Federal Agency Activities

To assist the Commission in its review of FR chemicals, the CPSC is coordinating
with two other Federal agencies that have complementary expertise. The CPSC staff is
working with staff at the National Institute for Occupational Safety and Health (NIOSH)
to examine worker safety issues associated with FR fabric production and use. The
CPSC staff is also working with staff at the Environmental Protection Agency (EPA)
regarding the use of FRs in upholstered furniture fabrics. The work of these two agencies
will help CPSC ensure that any proposed upholstered furniture flammability standard
would not result in adverse health risks.

a. NIOSH

After the Commission deferred action on upholstered furniture in 1998, concerns
were expressed not only about possible health risks to consumers, but also about whether
increased FR chemical use might adversely impact the health of workers in furniture and
textile manufacturing and processing facilities. Some industry representatives stated this
concern at the 1998 public hearing, citing a lack of information on occupational
exposures in those industry sectors. The issue was also raised in Congressional
correspondence with CPSC, and in comments to the NAS subcommittee. The NAS
report focused on potential health risks to consumers from household furniture use, and
did not consider potential occupational health effects.

At the CPSC staff’s request, the Hazard Evaluations and Technical Assistance
Branch of the National Institute of QOccupational Safety and Health undertook a Health
Hazard Evaluation study of the principal identified FR chemicals. The HHE study
involved two basic phases: developing sampling and analytical methods for detecting and
measuring FR chemical exposure, and data collection and voluntary inspections of
manufacturing facilities where FR fabric treatments are processed or handled. Since FR
fabrics are not currently used in U.S. residential furniture production, the study focuses
on the limited FR use in business and industrial furniture (e.g., for products meeting
California TB-133) and in fabrics destined for export to Europe.

The NIOSH study is ongoing. In early 2001, NIOSH reported on their progress
and preliminary conclusions from the HHE study. They generally found the potential for
exposure, by either dermal or inhalation routes, to be low. They noted that workplace
controls are already in place to minimize such exposures. NIOSH preliminarily
concluded that increased FR usage in the quantities envisioned would not pose significant
risks to workers involved in fabric finishing or handling. NIOSH will conduct further
testing and evaluation to document this preliminary conclusion.

b. EPA

EPA is developing a possible Significant New Use Rule (SNUR) under the Toxic
Substances Control Act (TSCA). A SNUR would require chemical companies to notify



EPA, at least 90 days in advance, of their intent to distribute existing FR chemicals for
use in residential upholstered furniture fabrics. This would trigger a life-cycle
environmental review encompassing manufacturing, use and disposal; EPA would
consider industrial, occupational, residential, environmental, and general public
exposures in determining the need for any subsequent action. Companies could be
required to provide specific additional data (e.g., toxicity or exposure studies) for certain
compounds. Additional controls could subsequently be imposed on the use of any FRs
found to present unreasonable risks.

CPSC Staff Risk Assessment Approach

Under the Federal Hazardous Substances Act (FHSA, the legislation under which
CPSC may regulate chemical risks associated with consumer products), whether a
substance is “hazardous™ depends not only on toxicity, but also on dose-response,
cxposure and risk. The CPSC staff evaluated potential FR chemical health effects by
considering each of these elements. The staff conducted its evaluation in the context of
the Commission’s Chronic Hazard Guidelines, issued in 1992 under provisions of the
FHSA.

a. Hazard Identification & Dose-Response Assessment

The first aspect of the staff’s FR chemical evaluation was a review of available
toxicity data for compounds identified as potential fabric treatment candidates. The staff
prepared reviews for each of the 16 FR compounds or classes identified by the FRCA.

The staff reviewed all available information on acute and chronic toxicity.
Chronic effects include carcinogenic, neurological, and reproductive or developmental
effects, as well as any systemic (e.g., liver or kidney) effects. The staff calculated
acceptable daily intake (ADI) values for chronically toxic compounds; upholstered
furniture containing FR chemicals designated as toxic and presenting potential exposure
exceeding the ADI could be considered “hazardous” under the FHSA. The toxicity
reviews were released to the public and presented at NAS subcommittee public meetings
in 1999. The staff subsequently updated the toxicity reviews to reflect the latest available
data (as of December 2000), including toxicity data presented in the NAS report and in
UK and EU risk assessment reports.

Thirty-seven compounds comprised the 16 reviewed chemical categories. Twenty
of these 37 compounds would be considered “toxic” under the FHSA, based on sufficient
evidence in animals or limited evidence in humans. The staff's exhaustive review
revealed that some data gaps continue to exist; for example, not all of the chemicals have
been tested for carcinogenicity, teratogenicity or neurotoxicity. The remaining 17
compounds did not satisfy the definition of “toxic” under the FHSA; however, only
limited data were available for some of those FR’s.




The toxicity reviews reflect the fact that many commercially useful chemicals --
even those with health or safety benefits — may, in large enough doses, be acutely or
chronically toxic in humans. They do not present health risks, however, unless exposure
occurs and the body is able to absorb sufficient quantities to produce the toxic effect. A
good example of this is the use of alumina trihydrate and magnesium hydroxide in over-
the-counter antacids; these are toxic at high doses, especially among patients with kidney
disorders.

b. Exposure Assessment.

The second part of the staff’s analysis was to estimate potential exposure to FR
chemicals from treated furniture fabrics. Much of the information used in this assessment
was developed specifically for this project. Exposure data for these FR chemical fabric
applications were generally limited because the applications did not exist; very few
upholstery fabrics were available with any of the FR treatments of interest; most FR
fabrics that were available came from sources outside the U.S.

- From among the 16 potential-use chemical classes reported by the FRCA, the
staff identified and selected for assessment 8 compounds that were already in use in
furniture (e.g., in UK. fabrics or California filling materials) or were reported by
manufacturers as highly likely to be used in fabrics to meet a small open flame standard.
It should be noted that these & compounds were not the same as either group of 8
(“minimal risk” or “further study”) chemicals listed in the NAS report; the 8 compounds
considered by the CPSC staff comprise some of each of these two groups.

To perform the assessment, the staff evaluated data for dermal and oral routes of
exposure, and used mathematical models to estimate inhalation exposure (since inhalation
exposure data were generally lacking). The staff analysis also considered bioavailability
and dose-response data for adults and children, and considered the effect of FR chemical
application methods on potential exposure.

Migration data were unavailable for some of the 8 FR chemicals considered; for
these, the staff used data on compounds with similar properties to estimate exposure. In
some cases, the staff made reasonable assumptions about skin absorption. Exposure
routes and scenarios included the following:




Route Scenario
Dermal Passive exposures:
Norma! use

Fabric exposed to spills
Fabric exposed to cleaners

Active exposures:
Spills
Fabric spot cleaning

Oral Mouthing

Inhalation Vapor phase (off-gassing)
Particle emissions (wear and tear)

The CPSC Laboratory conducted migration tests on samples of fabrics with 4 FR
chemicals currently in use in the U.K.: antimony trioxide (AT), decabromodiphenyl
oxide (DBDPO), hexabromocyclododecane (HBCD), and phosphonic acid (PA).
Migration tests were also conducted on fabric samples containing a fifth chemical,
tetrakis hydroxymethyl phosphonium chloride (THPC), currently used in apparel fabrics
and considered a candidate for cotton upholstery fabrics. The laboratory staff developed
methods for chemical migration from upholstery fabrics. The staff also estimated
exposure, using surrogate compounds, for 3 additional chemicals used in related
applications (textiles or foam fillings): cyclic phosphonate ester (CPE, one of the
compounds in the organic phosphonates class), 2-ethylhexyl diphenyl phosphate (EHDP,
one of the aromatic phosphate plasticizers), and tris (1,3-dichloropropyl) phosphate
(TDCP).

The staff obtained samples of the 5 available FR-treated fabrics, and measured the
amounts of FR chemicals that migrated from the fabrics into liquids under various
conditions. Other experiments simulated the mouthing action of young children. The
staff also studied the effect on migration of exposing fabrics to environmental conditions
such as wear, filtered sunlight and heat. In general, the staff found migration to be low
for these compounds; for several parameters, some or all of the migration measurements
were below the limit of detection. In the case of THPC (a reactive chemical), migration of
phosphorus-containing compounds was greater than expected, but the chemical form that
was released was unknown.

To ascertain the dermal bioavailability of FR compounds, CPSC worked with the
U.S. Environmental Protection Agency’s National Health Effects and Environmental
Research Laboratory (NHEERL) to conduct a percutaneous absorption study. This study
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measured the amount of DBDPQO, HBCD and TDCP absorbed by the skin of laboratory
animals.

¢. Risk Assessment Method

Using the data on hazard assessment and dose-response from the toxicity reviews,
and data from the exposure studies, the staff evaluated the risks to consumers associated
with the use of 8 candidate FR chemicals either most likely to be used or of greatest
concern. Combined risks associated with 4 different exposure scenarios were considered
for each chemical.

Case Scenarios
Basic Combines all: uses saline to model

spills and aqueous cleaner to model
spot cleaning; oral exposure applied
only to children; direct exposure

from cleaning applied only to adults

Acid Spill Same as basic case, but with citric
acid to model spills

Non-aqueous Same as basic case, but with non-
Cleaner aqueous cleaner
Aged fabric Same as basic case, but adjusting

for aged / wom fabric

The CPSC staff calculated a hazard index (HI) for non-cancer hazards for each of
these chemicals. The staff also calculated lifetime cancer risks for antimony trioxide
(AT, inhalation only) and TDCP.

Based on the available scientific data for the most likely FR chemical candidates,
the staff concludes that a number of existing FR chemicals could be used in upholstered
furniture cover fabric or barrier treatments with negligible health risks to consumers. The
staff generally agrees with the findings of the NAS study on this issue. Additional data
are needed, however, regarding:

a. potential airborne levels of antimony trioxide (AT) that may be released from
treated furniture fabrics (to supplement the CPSC staff’s conclusions, which
‘were based on mathematical modeling); and

b. the chemical composition and toxicity of extractants from fabrics treated with
tetrakis (THPC); these may be THPC polymers or phosphine oxide {THPO),
but could not be clearly identified in CPSC’s laboratory analyses.
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Data on these issues are needed to complete the assessment of these two chemicals. The
NAS report listed THPC among the “minimal risk” FR chemicals, based on an
assumption that only a small amount of THPC would be released from fabrics. The
CPSC staff is working with producers of AT and THPC to obtain the additional data
necessary to complete the assessment of these chemicals.

For More Information

Information on various CPSC activities is available on the agency’s Internet web
site, www.cpsc.gov. This includes the latest (October 1997) staff briefing package on
upholstered furniture flammability. A new briefing package, summarizing the CPSC
staff’s FR chemical risk assessment and other technical information, is expected to be
available to the public in 2001. CPSC documents and information are also available from
CPSC’s Office of the Secretary (telephone 301-504-0800, fax 301-504-0127) or through
the Commission’s toll-free Hotline at 1-800-638-CPSC.
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1998 Residential Fire 1.osses

« 332,300 fires
2,660 civilian deaths
15,260 injuries

$3.6 billion property damage

« Total societal costs ~ $20 billion
(excluding incendiary & suspicious fires)

« Total losses declining but still high

1998 National Fire Loss Estimates for

Upholstered Furniture
PROPERTY
IGNITION SOURCE FIRES DEATHS INJURIES LOSSSMil.
ALL SOURCES 10,200 520 1,420 $ 207
SMOKING MATERIALS 4,900 370 760 $ 9
OPEN FLLAMES 1,900 100 410 $ 41

Total Societal Cost = $3.5 billion
Most open flame losses from childplay fires

(excludes incendiary & suspicious fires)

Upholstered Furniture:
Activity Overview

NASFM Petition

ANPR - Small Open Flame
Standards Development & Analysis

* ¥R Chemicals / NAS

* Regulatory Procedures / GAO
NASFM Polyurethane Foam Petition
+» Decision Briefing Package 2001

Upholstered Furniture Fire
Deaths: Cigarette Ignition
1980-1998

M # Deaths

Upholstered Furniture Fire
Deaths: Small Open Flame
1980-1998




CPSC Staff Draft Standard
+ Primary Goal: limit ignition / early fire growth

+ Seating Area Test
— Mockup; 20 sec. flame; 2 / 15 min. combustion

+ Option under consideration:
Alternate Seating/Barrier Test
— Mockup: UK erib #5; 10 / 60 min. combustion

+ Dust Cover Test
— Component; 20 sec. Flame; 2/ 15 min. combustion

Materials to Meet CPSC
Draft Small Open Flame Std.

* FR fabric backcoatings

* FR fabric immersion treatments/
surface finishes

* FR fiber fabrics
* FR barriers / laminates

Chemical Hazard Issues

* CPSC evaluation guided by FHSA
» “Hazardous substances”
- Must be toxic

— Must pose potential substantial illness or
injury from reasonably foreseeable use

« Toxicity, exposure, bioavailability

FR Chemical Evaluation

» CPSC public hearing

* NAS study

» NIOSH worker study

* EPA new use rule

« CPSC staff risk assessment

NAS Conclilsions

* Report to Congress 4/00

* 8 FR chemicals - minimal health risk,
even under extreme exposure

+ 8 FR chemicals - further exposure data
needed

“Minimal Risk” FRs

Decabromodiphenyl Oxide
Hexabromocyclodedecane

Phosphonic Acid '

* Tetrakis Hydroxymethyl Hydronium Salts
« Zinc Borate

« Alumina Trihydrate

« Magnesium Hydroxide

« Ammonitm Polyphosphates
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“Further Exposure Study” FRs

» Antimony Trioxide

+ Tris (2-chloropropy!) Phosphate

» Tris (1,3-dichloropropyl-2) Phosphate
+ Calcium & Zinc Molybdates

+ Antimonates

+ Chlorinated Paraffins

« Aromatic Phosphate Plasticizers

+ Organic Phosphonates

Other Federal Agency Activities

+ NIOSH - Worker HHE Study
—Sampling & analytical methods
~Plant inspections

» EPA - Possible SNUR

- Pre-manufacturing notification
— Life-cycle environmental review

CPSC Staff Risk Assessment

 Toxicity / Dose-Response

« Exposure Assessment
—Dermal, oral, inhalation routes
— Migration data
— Skin absorption study

* Risk Assessment
—4 exposure scenarios
—Hazard Index (non-cancer)
— Lifetime cancer risks

Preliminary Conclusions

+ Some existing FR’s acceptable
~Negligible risk to consumers
» Additional data needed for:
— Antimony trioxide (AT) - inhalation
- Tetrakis (THPC) - identity & toxicity
of extractants

CPSC Briefing Package

+ Options: Small Open Flame Ignition
— Draft standard
— Regulatory analysis / Reg. Flex. Analysis
— FR chemical risk / Environmental assessment
— Voluntary alternatives; Cal TB-117 activities
» Cigarette Ignition
+ PUF Labeling Petition

Dale Ray 301-504-0962; <dray@cpsc.gov>
Project Manager, Upholstered Furniture

U.S. Consumer Product Safety Commission
4330 East-West Highway
Bethesda, MD USA 20814-4408

CPSC on the Internet: www.cpsc.gov






