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Summary

* The U.S. Consumer Product Safety Commission (CPSC) staff developed a draft performance
standard to address the hazards associated with fires involving residential upholstered
furniture. Manufacturers are likely to treat some products with flame retardant (FR)
chemicals if the draft standard is adopted. The CPSC staff previously assessed the potential
health risks associated with the use of FR chemicals in upholstered furniture cover fabrics.
In this report, the CPSC staff presents a preliminary assessment of the potential health risks

“associated with the use of selected FR chemicals in upholstered furniture foam. FR-treated .
foam samples that were available to the CPSC staff for testing included those with three
different FR chemicals or mixtures that could be used to meet the draft standard: melamine
(108-78-1); tris(l,3-dichloro-Z-propyl)phosphate (TDCP) (13674-87-8); and Firemaster™
550 (FM-550™). FM-550™ is a mixture containing triphenyl phosphate (TPP) (1145-86-6),
phenol isopropylated phosphate (PIP) (68937-41-7), and octyl tetrabromobenzoate (OTB).
Samples with the highest available TDCP or FM-550™ levels were included in the study.
Numerous other FR treatments that could be used in foam have been discussed by the U.S.
Environmental Protection Agency’s (EPA’s) Design for the Environment Program.

The toxicity of FR chemicals was assessed according to the Federal Hazardous Substances
Act (FHSA), the supplemental definition of “toxic,” and the CPSC chronic hazard guidelines.
Although melamine has been studied in chronic bioassays, it does not satisfy the FHSA
definition of toxic. Thus, exposure studies with melamine-treated foam were not necessary.
Based on the available data, melamine-treated foam would not present a hazard to _
consumers. TDCP is considered a probable human carcinogen, based on sufficient evidence
in animal studies. TDCP also induces non-cancer chronic health effects in animals. Little

toxicity information on FM-550™ and its components is available. However, the CPSC staff |

has previously reviewed the toxicity of two FM-550™ components, TPP and PIP, as well as
closely related compounds. No toxicity data were avallable for OTB. :

Mock-ups made with the foam samples were teste’d by the staff to assess the liquid-mediated

migration of FR chemicals. These data were used to estimate dermal and oral exposures.

The mock-ups were also subjected to an accelerated wear procedure to measure the release of
airborne particles containing FR chemical. Two foam samples containing TDCP and one
containing FM-550™ were tested. Measurements of migration. and particle release from
FM-550™.treated foam were based on the OTB component: The other components were not
measured. Exposure to vapor phase chemicals that may be emitted from the foam was
assessed using a mathematical model.

Based on the CPSC staff’s analysis, it appears that inhalation of vapor phase FR chemical
contributes the greatest portion of the total exposure. However, a mathematical model was
used to estimate inhalation exposure due to the lack of empirical data. Thus, the estimated

" inhalation exposure is highly uncertain. Toxicity studies by the inhalation route are also
lacking. Therefore, the following conclusions are based on limited exposure and/or toxicity
data, and should be regarded as preliminary.

iii
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Most of the predicted exposure to TDCP is from the inhalation of TDCP, which was
estimated from a mathematical model. Regarding non-cancer health effects, estimated TDCP
exposures were above the acceptable daily intake (ADI). The hazard index (HI) values were
2 for adults and 5 for children. When the estimated exposure exceeds that ADI a substance
may be considered “hazardous,” as defined in the CPSC chronic hazard guidelines and FHSA
regulations. 16 CFR 1500.135 and 16 CFR 1500.3 (c)(2). The estimated cancer risk fora
lifetime of exposure to TDCP-treated upholstered furniture was 300 per million. In children,
the estimated cancer risk from exposure during the first two years of life alone was 20 per
million. Both of these risks exceed one-in-a-million. A.substance may be considered
hazardous if the lifetime individual cancer risk exceeds one-in-a-million (ibid.). However,
empirical measurements of TDCP emissions, which were not available for this study, are
needed to assess more definitively whether TDCP may present a hazard to consumers.

Limited toxicity data are available for TPP and PIP. Thus, the range of ADI values for other
aromatic phosphates or blends previously reviewed by the CPSC staff was used as a
surrogate. Using these surrogate toxicity data, HI values for TPP were estimated to be
between 0.002 and 0.2 in adults and between 0.005 and 0.5 in children. The HI’s for PIP
were about 10-fold lower. If TPP and PIP are not more toxic than the other aromatic
phosphates, then TPP and PIP are not expected to pose any appreciable health risk to
consumers. The staff will review any additional toxicity data on TPP and PIP that may
become available. Additional toxicity data and measurements of TPP and PIP emissions are
needed to assess more definitively whether these compounds may present a hazard to
consumers. Measurements of the TPP and PIP components of FM- 550™ are needed to
reduce the uncertainty in estimating exposure. The CPSC staff has requested the National
Toxicology Program to perform additional toxicity tests on aromatic phosphates.

Insufficient toxicity data on OTB, another component of FM-550™, or related compounds

- were available to assess whether OTB could present a hazard to consumers. Basic toxicity
data, physico-chemical data, and additional exposure data are needed to assess whether OTB

may be hazardous to consumers -

In summary, the staff concludes that:

e Based on the available data, melannne—treated foam is not expected to present a
hazard to consumers.

e Inhalation studies are lacking for TDCP TPP, PIP, and OTB This is significant
because inhalation appears to contribute the greatest portion of the total exposure.

e Empirical data on vapor phase emissions or indoor concentrations are needed to
assess whether TDCP, TPP, PIP, or OTB may present a hazard to consumers.

o Chemical-specific migration and release data are needed to assess more accurately
whether TPP and PIP may present a hazard to consumers.

e Additional toxicity data are needed to derive ADI values for TPP and PIP.

e Basic toxicity and physico-chemical data for OTB are needed to derive an acceptable
daﬂy intake value and to estimate exposure.

iv
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ADD
ADI
AFSC
APP
AT
BMD
.CAR
CPSC
DBDPO
DfE .
EDsg
EHDP
EPA

- FHSA
- FM-550™
FR
FRCA
GD
HBCD
HI
1Cso

. IDDP

~ IPDP

- Kow
LADD
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LOAEL
MSDS
NOAEL
NRC
NTE
NTP
OPIDN
OTB
PA
Penta-BDE
PIP
PUF
PXR
RfD
SCE
SD
SNUR

Abbreviations

Average daily dose

Acceptable daily intake

American Fire Safety Council

Aromatic phosphate plasticizer
Antimony trioxide

Benchmark dose

Constitutively active receptor -
U.S. Consumer Product Safety Commission
Decabromodiphenyl oxide

Design for the Environment (U.S. EPA)
Median effective dose

2-Ethylhexyl diphenyl phosphate
Environmental Protection Agency (U.S.)
Federal Hazardous Substances Act
Firemaster™ 550

Flame retardant

Fire Retardant Chemicals Assoc1at10n (currenﬂy AFESC)
Gestational day
Hexabromocyclododecane -

Hazard index -
Concentration at 50% inhibition

Isodecyl diphenyl phosphate-
Isopropylphenyl diphenyl phosphate
Octanol-water partition coefficient
Lifetime average daily dose

- Median lethal dose

Lowest-observed-adverse-effect level

Material safety data sheet
No-observed-adverse-effect level

National Research Council

Neurotoxic esterase '

National Toxicology Program

Organophosphate induced delayed neurotoxicity
Octyl tetrabromobenzoate

Phosphonic acid, (3-{[hydroxymethyl] armno} 3-oxopropyl)-, dimethyl ester
Pentabromodiphenyl ether

Phenol isopropylated phosphate

Polyurethane foam

Pregnane X receptor

" Reference dose

Sister chromatid exchange
Sprague-Dawley
Significant new use rule
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TCP
TDCP
THPC
TPP
TRIS
UDS

VCCEP

Abbreviations (continued)

Tricresyl phosphate

Tris(1,3-dichloro-2-propyl)phosphate

- Tetrakis(hydroxymethyl)phosphonium chloride.

Triphenyl phosphate _
Tris(2,3-dibromopropyl)phosphate
Unscheduled DNA synthesis '
Uncertainty factor

Voluntary Children’s Chemical Evaluation Program
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L. INTRODUCTION

Upholstered furniture fires account for more fire deaths than any other category of products
under the jurisdiction of the U.S. Consumer Product Safety Commission (CPSC). The staff
estimates that an annual average of 4,800 fires, 360 deaths, 740 injuries, and $133 million in
property damage would be addressed if the draft standard is enacted (Levenson 2005). These

fires are most commonly ignited by either smoldering sources, such as cigarettes, or open flame

sources, such as cigarette lighters and candles. CPSC initiated a regulatory proceeding to
address the hazard of small open flame ignitions of upholstered furniture (CPSC 2003). The
CPSC staff has developed a draft performance standard to address the hazards associated with
both small open flame and ci garette ignitions.

While furniture manufacturers would be free to choose the means of complying with the draft
standard, it is likely that some products would be treated with flame retardant (FR) chemicals if
the draft standard were adopted. In addressing the hazard associated with the flammability of
upholstered furniture, the CPSC staff is working to develop a performance standard to reduce
furniture fires without creating other hazards to consumers.. Thus, the CPSC staff has been
assessing the potential for health risks associated with the use of selected FR chemicals in
upholstered furniture. The purpose of this report is to assess the potential health risks associated
with the use of selected FR chemicals in upholstered furniture foam

A. Upholstered Furniture Cover Fabrics

The first version of the draft flammability standard developed by the CPSC staff involved
exposing the upholstered furniture cover fabric to a gas flame that was roughly equivalent to that
of a cigarette lighter (CPSC 1997). As part of the risk assessment process for FR chemicals, the
Commission held a public hearing in May 1998. In its testimony, the Fire Retardant Chemicals

" Association (FRCA) (currently the American Fire Safety Council, AFSC) reported that in many

cases the furniture cover fabric would be treated with FR chemicals if the draft standard were
adopted (Parkes 1998). The FRCA also provided a list of 16 chemicals or chemical classes that
its members would market for use in upholstered furniture.

The 16 FR chemicals and classes included over 50 individual compounds.. The CPSC staff
reviewed all the available toxicity data on these chemicals and derived acceptable daily intake
(ADI) levels where sufficient data were available (Babich et al. 2004; Babich and Saltzman

1999; Bittner 1999a-d; Bittner 2001; Bittner et al., 2001; Bittner and Ferrante, 1999; Ferrante
1999a-f; Hatlelid 1999a-h). Overall, a considerable number of toxicological studies were
available for review. While some FR chemicals have been well studied, only limited data were
available for others. |

The CPSC staff performed quantitative risk assessments for five FR chemicals: antimony
trioxide (AT) (CAS no. 1309-64-4); decabromodiphenyl oxide (DBDPO) (1163-19-5);
hexabromocyclododecane (HBCD) (3194-55-6); phosphonic acid, (3-{[hydroxymethyl]amino}-
3-oxopropyl)-, dimethyl ester (PA) (20120-33-6); and tetrakis (hydroxymethyl) phosphonium
chloride (THPC) (124-64-1) (Babich and Thomas 2001). These FR’s were selected for study
because they are used to comply with the U.K. upholstered furniture flammability standard
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(except THPC) and fabric samples were available for testing. The staff concludéd that DBDPO,
HBCD, and PA would not present a hazard to consumers, and t_hat additional data would be '
needed to assess AT and THPC.

Prior to the completion of the CPSC staff risk assessment, the National Research Council (NRC)
- performed a risk assessment of 16 FR chemicals that might be used in upholstered furniture

cover fabrics (NRC 2000). The NRC subcommittee, which had minimal exposure data available

to them, selected the most toxic chemical to represent each of the same 16 chemicals or classes
described by the FRCA. The NRC concluded that eight of these chemicals could be used .
without presenting a hazard to consumers, including DBDPO, HBCD, PA and THPC. They
-also concluded that additional exposure or toxicity data were needed for the remaining
chemicals, including AT, tris(1,3-dichloro-2-propyl) phosphate (TDCP), and aromatic phosphate

plasticizers. Following the completion of the NRC report, the CPSC staff found that unidentified
compounds were released from THPC-treated fabrics. Thus, the staff concluded that additional -

information on the identity and toxicity of the THPC by-products was needed.

The CPSC staff is participating in several regulatory and voluntary programs of the U.S.
Environmental Protection Agency (EPA) that involve the potential health and environmental
effects of FR chemicals. EPA is developing a significant new use rule (SNUR) for FR chemicals
that may be used in upholstered furniture. A SNUR requires manufacturers to notify EPA before

~ engaging in activities subject to the SNUR. The SNUR process can be used to obtain additional

toxicity or exposure data if needed. The EPA Desi gn for the Environment (DfE) program is a
cooperative effort with industry that is evaluating the potential health risks of FR chemicals that
may be used in polyurethane foam (PUF). The EPA Voluntary Children’s Chemical Evaluation

Program (VCCEP) is investigating children’s exposure to penta— and octa-bromodiphenyl ether -

and DBDPO.
B. Upholstered Furhiture- Foam

In 2003, the Commission amended the rulemaking activity for upholstered furniture to include
‘smoldering ignition sources, such as cigarettes, and the staff revised the draft performance
standard (CPSC 2003). Due to the changes in the draft flammability standard, fewer upholstery
. cover fabrics are likely to be treated with FR chemicals if the standard is adopted. Rather, in
many cases the flexible PUF or other filling materials may require FR treatment to meet the draft
standard. ' _ \

-Until recently, mixtures containing pentabromodiphenyl ether (penta-BDE) and aromatic
phosphate esters were the principal FR chemicals for flexible PUF. However, the sole U.S.
manufacturer of penta-BDE voluntarily ceased production in December 2004 due to concerns
about environmental persistence and bioaccumulation. A number of alternative treatments are
available, including several new proprietary formulations (reviewed in EPA 2005a). FR
treatments that may be used in upholstered furniture foam include tris(1,3-dichloro-2-propyl)
phosphate (TDCP) (13674-87-8), melamine (108-78-1), and a proprietary formulation marketed
as Firemaster™ 550 (FM-550™) (Figure.1). FM-550™ is a mixture containing triphenyl
phosphate (TPP) (1145-86-6), phenol isopropylated phosphate (PIP) (68937-41-7), and octyl
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tetrabromobenzoate (mjxmre of isomers) (OTB) (CAS no. not available) (EPA 2005a).”
According to its material safety data sheet (MSDS) (Great Lakes 2005), FM-550™ contains
6-24% TPP, 24-51% PIP, and 40-60% OTB. Melamine may be blended with other FR’s,
including TDCP. Several other alternative FR chemicals for use in PUF are mixtures that
include various aromatic phosphates. This report will assess the potential chronic health risks
associated with the use of TDCP, FM-550™, and melamine in upholstered furniture foam.

g CI—HQC _CHy=Cl , - ©

Cl—H,C_ 0 CH-Cl o
. - C O——IIZI’ 0—C, : o—p—o_©
CHHC ) CHy—=Cl 3
TDCP ‘ TPP

@*)
o]

PIP
. » ’ NH2
Bry : ' _ N=<
C_O_CBH17 H2N '< ) N
O <
‘ . NHz
oTB ' Melamine

Figure 1. Structures of FR Chemicals

C. Risk Assessment and the Federal Hazardous Substénces Act

CPSC addresses chemical hazards under the Federal Hazardous Substances Act (FHSA). The

FHSA is risk-based. To be considered a "hazardous substance" under the FHSA, a substance or -

product must satisfy a two-part definition. 15 USC 1261 (f)(1)(A). First, it must be “toxic” as
defined under the FHSA, or present one of the other hazards enumerated in the statute. Second,
it must have the potential to cause “substantial illness or injury” during or as a result of

? Some of the abbreviations used in the January 2006 draft of this report were changed to reflect new information
that more specifically identifies certain chemicals. BAE (brominated aryl ester) was changed to OTB (octyl
tetrabromobenzoate) and ITP (1sopropy1ated triphenyl phosphate) was changed to PIP (phenol isopropylated
phosphate). .
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“reasonably foreseeable handling or use.” Therefore, exposure and risk must be considered in
addition to toxicity when assessing potential hazards under the FHSA (CPSC, 1992).

_The first step in the risk assessment process is hazard identification, that is, to réview the
available toxicity data for each chemical under consideration and determine whether the
chemical is “toxic” under the FHSA. Acute toxicity is defined by LDsy (median lethal dose)
values in regulations issued under the FHSA. 16 CFR 1500.3 (c) (2) (i). However, reliable
human experience data take precedence over animal data. 16 CFR 1500.4. In 1992, the
Commission issued guidelines for assessing chronic hazards under the FHSA, including
carcinogenicity, neurotoxicity, reproductive and developmental toxicity, exposure,
bioavailability, risk assessment, and acceptable risk (CPSC, 1992; summarized at 16 CFR
1500.135). A substance is considered "toxic" under the FHSA due to chronic toxicity if it is
either known to be, or probably, toxic in humans. 16 CFR 1500.3 (c)(2)(ii). Under the FHSA, a
substance or mixture is classified as "known to be toxic" in humans only if there is sufficient
evidence in humans (Table 1). It is considered "probably toxic" if there is either limited
evidence in humans or sufficient evidence in animals.

_ Table 1. Classification of Chronic Hazards under the FHSA

Animals

Humans

Sufficient Evidence

Limited Evidence

Inadequate Evidence Possible

" Satisfies the regulatory definition of “toxic.”

/

If a substance is “toxic” under the FHSA due to chronic toxicity, then a quantitative assessment
of exposure and risk is performed to determine whether the chemical may be a “hazardous
substance” under the FHSA. The quantitative risk assessment includes a consideration of dose
response, bioavailability, and exposure.

The acceptable daily intake (ADI) and/or cancer unit risk are derived from appropriate dose-
response information, and the exposure is estimated. If the estimated exposure exceeds the ADI
or if the estimated cancer risk is greater than one-in-a-million then the substance may be
considered a “hazardous substance” (CPSC 1992). 16 CFR 1500.3 (c)(2)(ii).
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II. HAZARD
A. Tl‘lS(l 3- chhloro-2-Propyl)Phosphate (TDCP)

The toxicity of tns(l 3 dichloro-2- -propyl)phosphate (TDCP) has been reviewed by the CPSC
staff (Bittner et al. 2001; Ferrante 1999b; Ulsamer et al. 1980) and others (Brandwene 2001;
EPA 20052; IPCS 1998; NRC 2000). The toxicity of TDCP is summarized below (see Table 2).

TDCP is aviscous liquid with molecular weight 430.9, log Kow 3.8, vapor pressure 0.01 torr, and
low water solubility (reviewed in TPCS 1998). Oral LDs, values ranged from 2.36 to 3.16 g/kg
in rats and from 2.25 to 4.99 mL/kg in mice (reviewed in Ferrante 1999b). The symptoms

- associated with acute exposure included ataxia, irritability, hyperactivity, tetanus, and
convulsions, suggesting neurological effects. TDCP was not a sensitizer in guinea pigs. It was
either a non-irritant or mild irritant in the skin and eyes of rabbits (Stauffer 1981).

1. Genotoxicity

TDCP was either inactive or weakly mutagenic in Salmonella strain TA100 (Brusick et al. 1980;
Gold et al. 1978; Nakamura et al. 1979; Prival et al.-1977; Soderlund et al. 1985; Stauffer 1981)
- and inactive in yeast (Stauffer 1981). Negative results that were reported in some studies

- (Brusick et al. 1980; Prival et al. 1977; Soderlund et al. 1985; Stauffer 1981) may be due to the
method of metabolic activation (Brusick et al. 1980; Gold et al. 1978; Nakamura et al. 1979;
Soderlund et al. 1985). The major urinary metabolite of TDCP, bis(1,3-dichloro-2-propyl)
phosphate, was not mutagenic (Gold et al. 1978). However, another metabolite, 1,3-dichloro-2-
propanol, was reported to be weakly mutagenic. In addition, the putative metabolite 1,3-
dichloro-2-propanone was a strong direct-acting mutagen. TDCP was less mutagenic than the
structural analog tns(2 3- dlbromopropyl) phosphate (TRIS) (Brusick et al. 1980 Nakamura et al.
1979).

TDCP generally gave weak or negative results in mammalian systems. TDCP transformed
Syrian hamster embryo cells (Soderlund et al. 1985), but not Balb 3T3 cells (Brusick et al. 1980;

~ Stauffer 1981), in vitro. TDCP was weakly active in several in vitro assays, including the

“induction of forward mutations (thymidine kinase), sister chromatid exchanges, and
chromosomal aberrations. TDCP did not induce 6-thioguanine resistance in V79 cells, nor did it
induce unscheduled DNA synthesis in rat hepatocytes although TRIS was active at similar doses
(S oderlund et al. 1985). :

TDCP failed to induce chromosomal aberrations in mouse bone marrow cells in vivo (Brusick et
al. 1980; Stauffer 1981). TDCP failed to induce unscheduled DNA synthesis in rat hepatocytes,
following oral exposure at doses up to 2,000 mg/kg (Cifone 2005), and did not induce
micronuclei in. mice (Thomas and Collier 1985). TDCP was reported to bind to DNA and
proteins in mice exposed in vivo (Morales and Matthews 1980).
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' Table 2. Chronic Health Effects of_‘S_eIec(te'd Flame Retardant Chemicals 2

Chronic Health Effects

Chemical Availability of Toxicity Data
. z 3
e 5. ¢ & 2 5 s| 5% 8% . -3
3 £, 8,8, & 6 og| ¥ g8 3Sf | 5 8%
< 8.5 &8 28 2| ¢ g .dg " <2
' C?J e Z ' o w L= -
£ o
o =2
Aromatic phosphate plasticizers (APP’s): :
Phenol isopropylated phosphate (PIP) X°® X — — X — X C N,O ND°®
Triphenyl phosphate (TPP) X X — X X X X C 0 . ND
t-Butylphenyl diphenyl phosphate (BPDP) — X — — X X X | ND
2-Ethylhexyl diphenyl phosphate (EHDP) X X X X X X — B O 100" ;. 100 1.0
Isodecyl! diphenyl phosphate (IDDP) X X — — X | X — C O ND
Santicizer 141 (>90% EHDP) X X. I — 1 X X X — B 0 100" | 100 1.0 -
Santicizer 148 (> 90% IDDP) X X — X X 1. X — B o) - 0.01.
Santicizer 154 (TPP + BPDP) X X — X X X — Cc N,O ND
o-Tricresyl phosphate (0-TCP) X X — X X — X A N ND
Tricresyl phosphate (TCP) (isomers) X X X X X X X B RN,O | 50L° | 1,000 | 0.05
Melamine (1,3,5-triazine-2,4,6-triamine) X X X X — X — C oF ND
. Octyl tetrabromobenzoate (OTB) X — — — — = — ] ND
Tris(1,3-chloropropyl-2) phosphate (TDCP) X X X X X X — B C 5L 1,000 | 0.005

2 Adapted from Bittner et al. 2001.

® Chronic toxicity as defined by the FHSA and the CPSC chronic hazard guidelines: A, known to be toxm in humans; B, probably toxic in humans;

C, possibly toxic in humans; I, insufficient data.

° Chronic endpoint(s): C, cancer; D, developmental; N, neurotoxic; R, reproductive; O, other (e.g., liver or other organ toxicity).
¢ ADI, acceptable daily intake; LOAEL lowest-observed-adverse-effect level; NOAEL, no-observed-adverse-effect level; UF, uncertalnty factor

® L, LOAEL; ND, not determlned X, data available.



2. Toxicokinetics

Ninety percent of orally administered [1,3-'*C]2-propyl-labeled TDCP was absorbed in rats
(Matthews and Anderson 1979). The highest levels of TDCP were found in the kidney, liver,
and lung (Matthews and Anderson 1979; Nomeir et al. 1981; Ulsamer et al. 1979, 1980). Eighty
percent of TDCP was eliminated within 24 houis, primarily in the urine, in both rats and rabbits.
From 9-t0-15% was converted to CO,. Bis(1,3-dichlor-2-propyl) phosphate was the primary
metabolite in urine. Other metabolites included 1,3-dichloro-2-propanol and 3-chloro-1,2-
propanediol (Figure 2). TDCP is also directly conjugated by glutathione, probably through one
of the ester groups. It has been suggested that TDCP may also be metabolized to 1,3-dichloro-2-
propanone, by analogy to TRIS (Gold et al. 1978), but this has not been observed.

In vitro studies suggest that TDCP is metabolized to the diester by an NADPH- dependent mixed
function oxidase, as well as by glutathione conjugation (Nomeir et al. 1981; Sasaki et al. 1984).
A glutathlone—con]ugated metabolite was also identified.

/CH2Cl : o _CHxClI _CHCI
Oo— CI\-I ——> O—P—0O—CH + HO—CH

P
N I
o) CHgCl O CH,ClI . 3 CIchl
1 _ / B
l : \]
CHxCI. ~GSH o CHCHQOH O=CHCH2CI
P+O—CH —
(||) CHoCI / CHCI CH.CI
° /o5 6
4

Figure 2. Metabolism of tris(1,3-dichloro-2-propyl)phosphate. Structures: 1) tris(1,3-
dichloro-2-propyl)phosphate (TDCP); 2) bis(1,3-dichlor-2-propyl) phosphate; 3) 1,3-dichloro-2-
.propanol; 4) glutathione conjugate of TDCP; 5) 3-chloro-1,2-propanediol; 6) putative metabolite

1,3-dichloro-2-propanone. Sources: Lynn et.al. 1981; Nomeir et al. 1981; Gold et al. 1978.

TDCP was rapidly absorbed through the skin in both rats and rabbits (Nomeir et al. 1981;
Ulsamer et al. 1979, 1980). TDCP was absorbed at double the rate of tris(2,3-
dibromopropyl)phosphate (Ulsamer et al. 1979). When “C-TRIS was applied to the clipped skm
of New Zealand white rabbits, up to 15% of the applied dose was absorbed over 96 hours
(Ulsamer et al. 1978a). Thus, TRIS was absorbed at a rate of 0:0016 h'!. Nomeir et al. (1981)
showed that TDCP is rapidly absorbed in rats, although the absorption rate was not determined.

Percutaneous absorption of **C-TDCP was also studied in vitro with hairless mouse skin
(Hughes et al. 2001). After 24 hours, from 39-t0-57% of applied TDCP was found in the
receptor fluid. From 28-t0-35% remained in the skin after the skin surface was washed with
ethanol. From 73 to 85% of applied TDCP was absorbed in 24 hours. Combining the amounts
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in the receptor fluid and skin, TDCP was absorbed at a rate up to 0.035 h™" (Babich and Thomas
12001). - : ' '

Five days following intravenous administration of **C-labeled TDCP in rats, 92% of the
radiolabel was excreted (Lynn et al. 1981). Fifty-four percent of radiolabel was found in urine,
16% in feces, and 22% was expired as “CO,. The primary metabolite was bis(1,3-dichlor-2- ‘
propyl) phosphate, which accounted for 63% of the radiolabel. Other metabolites included
1,3-chloropropyl phosphate and 1,3-dichloro-2-propanol. Less than 0.1% of the radiolabel was
recovered as TDCP. o

3. Subchronic and Chronic Studies

Groups of 12 male and 12 female mice were fed up to 1.33% TDCP for 3 months (Kamata et al.

1989). All animals in the high-dose group died within one month. Liver weights were elevated

~in males at 0.13% and 0.42% and in females at 0.04%, 0.13%, and 0.42%. The overall study no-
* observed-adverse-effect level (NOAEL) was 0.01% (15 mg/kg-d) in females.

TDCP was studied in a 24-month dietary bioassay in Sprague-Dawley (SD) rats (Biodynamics
-1981; Freudenthal and Henrich 2000; Henrich 1998).” Animals were exposed to TDCP in feed
at doses of 0, 5, 20, or 80 mg/kg-d in groups of 60 per dose and sex. Ten animals from each
dose-sex group were sacrificed at 12 months. Complete histopathology was performed on all
high-dose animals, but only on a small number of animals at the low- and mid-doses. Liver and
kidney were examined in all animals at all doses. :

Non-cancer effects observed at terminal sacrifice included convoluted tubule hyperplasia in
males at all doses and in high-dose females (Table 3) (reviewed in NRC 2000). The incidence of
parathyroid hyperplasia was significantly elevated in high-dose males only. Erythroid/myeloid
metaplasia of the spleen was significantly elevated in females at all doses; this is not considered
a pre-neoplastic lesion. In addition, there were reproductive system lesions in males, including
the seminal vesicles (atrophy and decreased secretory product, all doses), testes (periarteritis -
nodosa and eosinophilic material in the lumen, mid-and high doses), and epididymes
(oligospermia and/or degenerated seminal product, mid- and high dose). Altered liver foci,
which suggest the presence of initiated cells, were elevated only in high-dose females. The NRC
subcommittee considered the low dose (5 mg/kg-d) as a lowest observed adverse effect level
(LOAEL) (NRC 2000). TDCP may be considered probably toxic to humans (see CPSC 1992),
based on sufficient evidence of chronic toxicity (histopathological effects at multiple organ sites)
in animals. :

" This study was first describéd in an unpublished report (Biodynamics 1981), which is also referred to as the
“Stauffer Chemical Co. report.” The tumorigenic effects were later published in (Freudenthal and Henrich 2000).
Henrich (1998) provided additional discussion of tumor incidences. : :
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Table 3. In0|dence of Selected Hlstopathologlcal Effects in Sprague-Dawley Rats

Exposed to TDCP i in Feed?

Dose (mg/kg-d) -

Tissue/Lesio_n "~ Sex 0 5 . 20 80
Liver, altered foci M ~Incidence ~ 22/60 20/60 16/60 31/60
poe , 0.42 0.16 0.071

F Incidence 16/60 23/60 18/55 36/60
| P 042 031 21x10®

Kidney, convoluted tubule M ‘Incidence 2/60 10/60 29/60 24/59
hyperplasia P 0.015 4.3x10°  3.4x107
F incidence 0/60 - 1/60 - 3/57 22/60
. P . 0.50 0.11 1.4x10°

Spleen, erythroid/myeloid . M Incidence 1360 306 "4/6 17/58
metaplasia | 0.15 0.034 - 023
F Incidence 13/60 5/6 34 3360
| P 4.7x10° 0.045 1.6x10*
Parathyroid, hyperplasia M- Incidence 1/29 1 0/2 12/38
N | P 0.067 0.94 3.3x10°
F Incidence 6/29 NR ¢ NR 9/28

P ' 0.24"

Testes, cosinophilic M Incidence 2/57 4/60 . 12/60 11/56
material in the lumen ‘ p 0.36 5.5x10° 7.1x10°
Testes, periarteritis | M Incidence 5/57 10/60 19/60 16/56
nodosa P ' 0.16 1.9x10°  6.2x10°
Epididymes, oligospermia M Incidence 1 1(55 e/es 7/1,4 36/55 :
P 0.30 1 0.030 1.2x10°

Epididymes, degenerated M~ Incidence 8/55 ' 7/33 3/14 22/55
seminal product P 0.30 0.39 2.4x10°
' S:g:ér:ge\ge:g?émw M Incidence 1/56 - 11/1310 17/2013 23/528
product P 4.2x10° 4.0x10 2.5x10°
Seminal vesicle, atrophy - M Incidence 0/56 4/13 6/20 10/52
P 8.3x10"  1.8x10*  4.1x10"

# Data are from NRC 2000, Table 16-4. Includes only significantly elevated sites.

® One-tailed Fisher's exact test performed by CPSC staff.- Probabilities <O. 05 are in bold.
®NR, not reported; P, probablllty
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Table 4. Tumor Incidence in Sprague-DéWIey Rats Exposed to TDCP in Feed?®

Dose (mg/kg-d) _

Tumor Sex 0 5 20 80
Renal cortex tumor M Incidence 1/60 3/60 9/60 32/59
p® 0.309 8.3x10°  1.1x10™

F Incidence 0/60 1/60 8/57 29/60
P 10500 . 24x10°  2.0x10™

Testicular interstitial cell M Incidence 7157 8/60 26/60 39/56

adenoma . | P 0540  1.6x10*  25x10™

Hepatocelullar adenoma M Incidence’ 2/60 7/60 1/60 16/60
_ P ‘ 0.081 0.878 2.7x10™

F Incidence 1/60 1/60 4/55 9/60
P ' 0.752 0.156 8.3x10°

Hepatocellular carcinoma M Incidence 1/60 2/60 3/60 7/60
P 0.500 0.309 0.031

F Incidence 0/60 2/60 2/55 4/60

P 0.248 0.227 0.059

Hepatocellular adenoma M Incidence - 3/60 9/60 4/60 23/60
or carcinoma P 0.220 0.500 5.7x10"
F Incidence 1/60 3/60 6/55 13/60
P 0.309 0.044  4.9x10*

Adrenal cortex adenoma M Incidence 5/59 314 5/16 5/57 -
P 0.421 0.031 0.607

F Incidence - 13/59 507 233 20/59

P . 0.740 © 0.040 0.109

2 Tumor data are from NRC 2000, Table 16-5.

® One-tailed Fisher's exact test performed by CPSC staff. Probabilitie_s (P) <0.05 are in bold.

Several neoplastic lesions were also reported (Biodynamics 1981; Freudenthal and Henrich
2000; Henrich 1998 and reviewed in EPA 2005a; Ferrante 1999b; NRC 2000). The incidence of
renal cortical tumors was significantly elevated relative to the controls in mid- and high-dose
males and females (Table 4). Benign testicular interstitial cell tumors were also significantly
elevated in mid- and high-dose males. Hepatocellular adenomas were significantly elevated at

the high dose in both sexes, while hepatocellular carcinomas were significantly elevated in high-

dose males only. The incidence of hepatocellular adenoma or carcinoma was significantly
elevated at the high dose in males and the mid- and high doses in females. Adenomas of the

10
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adrenal cortex were 51gn1ﬁcantly elevated in mid-dose males (not at the high dose) and
51gmflcantly reduced i in mid-dose females.

4. Reproductlve and Developmental Toxicity

Groups of 10 male rabbits were given 0, 2, 20, or 200 mg/kg d TDCP by gavage for 12 weeks

"(Wilczynski et al 1983; see also Brandwene 2001). No changes in mating behavior, fertility, or
sperm quantity or quality were observed. Rabbits at the high dose had elevated kidney and liver
weights. No histopathological effects were observed in the p1tu1tary, testes, epididymes, liver, or
kidneys. Other tissues were not examined.

Groups of 20 female rats were given 0, 25,-100, or 400 mg/kg-d TDCP by gavage on gestational
days (GD’s) 6 through 15 (Stauffer 1981). At GD 19, high-dose fetuses exhibited reduced
viability, weight, and length. The incidences of resorption and incomplete ossification were also
increased at the high dose. No malformations were reported. Signs of maternal toxicity included
increased mortality at the high dose and decreased body weight and food consumptlon at the
mid- and high doses.

In another developmental screen, Kawashima et al. (1983) gavaged female rats at doses of 0, 25,
50, 200, or 400 mg/kg-d on gestational days 7 through 15. Fetal deaths were observed at the
high dose, but no malformations occurred. There were signs of maternal toxicity at 200 and 400
mg/kg-d, including decreased body weight and food consumption. .

No malformations were observed in two developmental screening assays in rats (Kawashlma "
1983; Stauffer 1981; reviewed in Ferrante 1999a; NRC 2000). Fetal effects such as reduced
v1ab111ty and body weight, along with signs of maternal toxicity, were observed at the doses of
200 mg/kg-d or greater in both studies. The highest NOAEL in the developmental studies was
100 mg/kg-d. No effects on male fertility were observed in rabbits exposed to doses up to 200
mg/kg-d for 12 weeks (Wilczynski et al 1983). This is somewhat in contrast to the observation
of histopathological effects in the testes at 5 mg/kg-d in the two-year bioassay in rats
(Biodynamics 1981). However, the lesions in the chronic study did not appear until after the 12-
month interim sacnﬁce :

5. Neurotoxicity .

The neurotoxicity of TDCP was studied in hens. No signs of neurotoxicity or paralysis were
reported at 420 mg/kg-d (by gavage) for 5 days (Stauffer 1981). TDCP was a weak inhibitor of
brain neurotoxic esterase in hens given 10,000 mg/kg-d. Oral TDCP at 4,800 mg/kg was fatal in
chickens, although lower doses (unspecified) resulted in leg and wing weakness (Celanese 1960).
It does not appear that TDCP is capable of inducing organophosphate-induced delayed

* neurotoxicity (OPIDN) in hens (see below). Exposure of rats to TDCP at high doses lead to
clinical signs suggestive of neurotoxicity, such as hyperactivity and convulsions (see above).

11
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6. Toxicity under the FHSA |

TDCP is acutely toxic, as defined in FHSA regulations, although it is not considered “highly”
toxic.” That is, the rat LDs is less than or equal to 5,000 mg/kg, but greater than 50 mg/kg.
TDCP exposure led to histopathological effects in rats exposed for up to two years (Biodynamics
1981). Organ sites affected include the liver, kidney, spleen, parathyroid, and male reproductive
organs. Thus, TDCP may be considered probably toxic in humans, based on sufficient evidence
of chronic toxicity in animals.

TDCP exposure also induced tumors at multiple doses in the kidneys and liver of both male and
female rats. Therefore, TDCP may be considered a probable human carcinogen based on
sufficient evidence in animals (Ferrante 1999b; Bittner et al. 2001). This conclusion is further
supported by structural similarity to another animal carcinogen, TRIS. TDCP and its metabolites
were genotoxic in some assays, although the majority of tests were negative.

Based on the available data, the CPSC staff concludes that there is inadequate evidence of
reproductive toxicity and or developmental toxicity in animals (CPSC 1992). In addition, there -
1s inadequate evidence of neurotoxicity in animals.

~ B. Aromatic Phosphate Plasticizers (APP’s)

- The toxicity of various aromatic phosphate plasticizers (APP’s) has been reviewed by the CPSC
staff (Bittner 2001; Bittner et al. 2001; Ferrante 1999a) an_d others (EPA 2005a; IPCS 1990,
1991; NRC 2000). The toxicity of the APP’s varies among individual compounds and
commercial mixtures. Much of the available toxicity data are for commercial mixtures
containing two or more APP’s. The toxicity data for the APP’s are summarized below.

In general, the acute toxicity of APP’s is low, with oral LDsq values in rats ranging from 3,000
mg/kg to >20,000 mg/kg (Ferrante 1999a). Tricresyl phosphate (TCP) (mixture of isomers)
(1330-78-5) and o-tricresyl phosphate (o-TCP) (78-30-8) are the most toxic with regard to acute
toxicity. APP’s are weakly irritating or non-irritating in the skin and eyes of rats or rabbits. The
APP’s were generally non-genotoxic in Salmonella and in mammalian systems.

1. Toxicokinetics

TCP (mixed isomers) (NTP 1994) and o-TCP (Somkuti and Abou-Donia 1990) were readily
absorbed following oral exposure in rats. The highest levels of radiolabel were found in adipose
tissue, muscle, erythrocytes, and liver in rats given [**C]-o-TCP (Somkuti and Abou-Donia
1990). However, the highest level of the neurotoxic metabolite, saligenin cyclic o-tolyl
phosphate, was found in the testes. Percutaneous absorption of o-TCP in cats was biphasic.
Initially, 73% of o-TCP applied to skin was absorbed in 12 hours, while the remainder was
.absorbed at a constant rate of 0.34 d* (Nomeir and Abou-Donia, 1984). Initially, unmetabolized
o-TCP was found primarily in the brain, spinal cord, and sciatic nerve in cats. Metabolites were
found primarily in the liver, lung, and kidney. In contrast to TCP, 2-ethyhexyldiphenyl

* 16 CFR 15003 {c)(1).
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phosphate (EHDP) was reported to be poorly absorbed from the intestinal tract in humans and
Wistar rats (reviewed in Ferrante. 1999a; IPCS-1990).

0-TCPis metaboljzed by three pathways (Abou—Donia et al. 1990; Casida et al. 1961; Eto et al.
1962; IPCS 1990; Nomeir and Abou-Donia 1984, 1986; Somkuti and Abou-Donia 1990). First,
one or more methyl groups are hydroxylated by mixed function oxidase. The resulting
hydroxylated compound then undergoes a cyclization reaction to form saligenin cyclic o-tolyl
phosphate, and releasing o-cresol (Figure 3). Second, o-TCP is hydrolyzed to the diester,
monoester, and inorganic phosphate, which also releases o-cresol. Third, hydroxymethyl groups

may be further oxidized to the aldehyde and carboxylic acid. The meta and para isomers of TCP

are also hydroxylated (Kurebayashi et al. 1985; Johnson 1975). In rats, o-TCP metabolites are
excreted mainly in urine, while the meta isomer metabolites are mainly excreted in feces, and the
para isomer divided between urine and feces (Kurebayashi et al. 1985; NTP 1994). TPP was
hydrolyzed to the diester by mixed function oxidase and aryl esterase in rat liver rmcrosomes
(Sasaki et al. 1984)

Figure 3. Metabolism of o-tricresyl phosphate. Structures: 1) tricresyl phosphate (TCP);
2) dicresyl phosphate; 3) cresol; 4a,b) hydroxymethyl intermediate; 5) aldehyde; 6) saligenin
cyclic o-tolyl phosphate 7) carboxylic acid. Adapted from Somkutl and Abou-Donia (1990).
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2. Subchronic and Chronic Studies

TCP was tested in two-year gavage bioassays in B6C3F; mice and F-344 rats (NTP 1994).
There was “no evidence of carcinogenic activity” in mice or rats. Non-neoplastic effects were’
found in female rats at 300 ppm (15 mg/kg-d), including cytoplasmic vacuolization of the
-adrenal cortex and ovarian interstitial cells hyperplasia. The NOAEL was 150 ppm (7 mg/kg-d)
in female rats. The incidences of clear cell foci, fatty change, and ceroid pigmentation of the
liver were significantly increased in male mice at 125 or 250 ppm (13 or 27 mg/kg-d). In
addition, increased incidence and severity of ceroid pigmentation of the adrenal cortex occurred
in female mice at 250 ppm (37 mg/kg-d). The NOAEL was 60 ppm (7 mg/kg-d) in male mice.

SD rats exposed to EHDP in feed for 90 days had enlarged livers and adrenal glands (Solutia
1998). Histopathological effects were observed in the adrenal cortex in both sexes and ovarian
hyperplasia in females. The overall LOAEL was 0.2% (about 164 mg/kg-d). A NOAEL was not
established. EHDP was also tested in a two-year bioassay in Carworth albino rats (Treon et al.
1953). Rats were given 0, 0.0625, 0.125, or 1.0% EHDP in feed. There was no evidence of
carcinogenicity, but there was a decreased growth rate at 1% in feed. No significant increases in
gross or microscopic histopathological effects were found. No effects in the adrenal cortex or
ovaries were reported. However, the histopathological methods and the organs examined were
not described in detall The NOAEL was 0. 125% or approx1mately 100 mg/kg-d (Ferrante
1999a).. '

3. Repré)ductjve and Developmental Toxicity

~ Oral TCP exposure led to infertility and reduced fertility in mice (Chapin et al. 1988; NTP 1985) |
and rats (Carlton et al. 1987). The fertility of both male and female mice was affected (NTP

- 1994). Reduced sperm concentration and motility, as well as increased incidence of abnormal
morphology, was reported in rats (Carlton et al. 1987) and mice (Chapin et al. 1988; NTP 1985).
Histopathological effects in the testes, epididymes, and ovaries were also observed (Carlton et al.
1987). The LOAEL for reproductive effects was 62.5 mg/kg-d (the lowest dose tested) in a
continuous breedmg study i in male CD-1 mice (Chapin et al. 1988; NTP 1985).

Oral exposure to o-TCP lead toeffects on sperm motility and morphology, as well as testicular .
effects, in F-344 rats (Somkauti.et al. 1987a,b, 1991). The authors considered 25 mg/kg-d as the
NOAEL and 10 mg/kg-d as the NOAEL. The teratogenicity of o-TCP was tested in Long Evans
rats at doses of 0, 87.5, 175, and 350 mg/kg-d (Tocco et al. 1987). Dams were treated on GD’s 6
through 18. The high dose was lethal to the dams. Malformations and variations at the low- and
" mid-doses were not significantly different from the controls. Mele and Jensh (1977) gave doses
of 0, 500, or 750 mg/kg-d o-TCP to pregnant Wistar rats on GD’s 18 and 19. The authors
reported that there were no malformations or skeletal variations. No other details are available.

A mixture of two commercial products containing EHDP was tested in a one-generation study in -
SD rats (Monsanto 1993; Robinson et al. 1986). Groups of 16 male and 32 female rats were fed
0,0.2%, 0.4%, or 0.8% DEHP. Males received EHDP continuously from 70 days prior to

mating through the end of the study, while females received EHDP from 21 days prior to mating
through the end of the study. Initially, treatment-related reductions in food and water
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consumption were observed in mid- and high-dose males and high dose females. . This was
attributed to the unpalatability of EHDP. Reduced food and water consumption persisted in
‘high-dose females throughout the study. :

There were no adverse effects on fertility in either sex. Liver weights were increased in a dose-
dependent manner in parental (Fo) males and females. Relative increases in adrenal, caecal, and
kidney weights were observed in high-dose males and females. In addition, spleen weights were
reduced in mid- and high-dose females, while hypertrophy and luteinization of ovarian stromal
cells occurred at the high dose. Centrilobular and periportal hypertrophy was found in the liver
in high-dose males and females. -

Body weight gain was significantly reduced in mid- and high-dose pups (F;). Pup survival was
reduced at the high dose. The authors attributed these effects to the nutritional status of the
dams. In mid- and high-dose pups, liver and adrenal weights were significantly increased, while
spleen weights were reduced. The reproductive NOAEL considered to be 0.2% EHDP, or
roughly 144 mg/kg-d.

In a teratology screening study, female CD rats were given 0, 300, 1000, or 3000 mg/kg-d
Santicizer™ 141 (>90% EHDP) orally on GD’s 6 through 15 (Robinson et al. 1986; Solutia
1998). Maternal effects included increased hair loss and yellow staining or matting in the mid-
and high-dose groups. Maternal weight was reduced at the high dose, and some animals had
inguinal fissures. The incidences of skeletal variations were increased at all doses.
Malformations—such as eye anomalies, scoliosis, and dwarfism—were found at the mid- and
high doses. The authors considered the incidences of variations and malformations to be not
treatment-related, because they were within the range of historical controls.

In developmental assays in rats, reported fetal effects included increased frequency soft tissue
variations with TPP (see below) (Welsch etal. 1987).

4. Neurotoxicity

The APP’s are known primarily for their neurotoxicity. An estimated 50,000 cases of accidental
ingestion of 0-TCP occurred in the 1930’s in the southern U.S. when “Ginger Jake,” an alcoholic
extract of Jamaican ginger popular during prohibition, was adulterated with o-TCP” (reviewed in
Ferrante 1999a; IPCS 1990; Weiner and Jortner 1999). Ingestion of mixtures containing o-TCP
have resulted in neuropathy, paralysis, axonal degeneration, and/or death. Most patients
" recovered over a period of up to two years, although some remained permanently paralyzed.
Other ingestions have occurred in an occupational setting. Sensitivity among humans is quite
variable. Paralysis may occur with doses as low as'2 mg/kg, and 1,000 mg/kg may be fatal
(Ferrante 1999a).

APP’s induce a delayed neurotoxicity in animals and humans characterized by ataxia, flaccid
paralysis, axonal degeneration, and demyelination, referred to as organophosphate-induced
delayed neurotoxicity (OPIDN) (reviewed in Weiner and Jortner 1999). The syndrome

- associated with the APP’s is distinct from the effects associated with anticholinergic nerve
agents. Humans and other primates, canines, felines, ruminants, and hens are sensitive to
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OPIDN, while laboratory rodents are less sensitive. Hens are considered the best animal model
for OPIDN in humans, and have been used extensively in laboratory studies (e.g., Johannsen et
al. 1977; Johnson 1975; Weiner and Jortner 1999). The domestic hen is susceptible, exhibits
clearly detectable clinical signs, and the time course for developing neuropathy is similar to that
in humans (Weiner and Jortner 1999). o-TCP is the most neurotoxic APP in animals and is a

" known neurotoxicant in humans (Ferrante 1999a; NRC 2000). APP’s inhibit a variety of
esterases, including plasma pseudocholinesterase, erythrocyte cholinesterase, non-specific
carboxylesterase, acetylcholinesterase, and neurotoxic esterase (NTE). The severity of OPIDN
symptoms generally correlate with the inhibition of NTE, which is a smooth endoplasmic
reticulum-bound carboxylesterase found especially in nervous tissue (e.g., Dollahite and Pierce
1969; Johnson 1974; NTP 1994; Weiner and Jortner 1999). Neurotoxicity appears to require
irreversible inhibition of NTE, through the formation of a stable, covalently-bound intermediate
(Johnson 1974, 1975) Non-toxic APP’s are reversible NTE inhibitors, and may protec