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Hexamethylphosphoramide
CAS No. 680-31-9

Reasonably anticipated to be a human carcinogen
First listed in the Fourth Annual Report on Carcinogens (1985)
Also known as HMPA or hexamethylphosphoric triamide
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Carcinogenicity
Hexamethylphosphoramide is reasonably anticipated to be a human

carcinogen based on sufficient evidence of carcinogenicity from stud-
ies in experimental animals.

Cancer Studies in Experimental Animals

Exposure of rats to hexamethylphosphoramide by inhalation caused
nasal tumors, which are rare in this species. Inhalation of hexamethyl-
phosphoramide caused benign and malignant nasal tumors (pap-
illoma, epidermoid carcinoma, adenoid squamous carcinoma,
transitional-cell carcinoma, and adenocarcinoma) in rats of both
sexes (IARC 1977, Lee and Trochimowicz 1982).

Cancer Studies in Humans

No epidemiological studies were identified that evaluated the relation-
ship between human cancer and exposure specifically to hexamethyl-
phosphoramide.

Properties

Hexamethylphosphoramide is a phosphoric acid amide derivative
that exists at room temperature as a colorless to light-amber mobile
liquid with a spicy odor. It is miscible with water and most organic
liquids but is immiscible with high-boiling-point saturated hydro-
carbons. It is stable at normal temperatures and pressures (Akron
2009, HSDB 2009). Physical and chemical properties of hexamethyl-
phosphoramide are listed in the following table.

Property Information
Molecular weight 179.2°

Specific gravity 1.03 at 20°C?
Freezing point 5°Cto 7°C®

Boiling point 233°Cat 760 mm Hg®
LogkK,, 0.28°

Water solubility 1,000 g/L®

Vapor pressure 0.03 mm Hg at 25°C¢
Vapor density relative to air 6.18°

Sources: HSDB 2009, "ChemIDplus 2009, ‘Akron 2009.

Use

Hexamethylphosphoramide was formerly used by its major U.S.
producer only as a processing solvent for aromatic polyamide fiber
(Kevlar); however, it now has a number of additional uses (IARC
1977, 1999, HSDB 2009). It is used as a solvent for other polymers,
for gases, and for organic and organometallic reactions in research
laboratories. It is also used as a polymerization catalyst, a stabilizer
against thermal degradation in polystyrene, an additive to polyvinyl
and polyolefin resins to protect against degradation by ultraviolet
light, and a color-enhancing agent for the thiocyanate-cobalt com-
plex used for cobalt detection. Hexamethylphosphoramide has been
used as an antistatic agent and a flame retardant and deicing additive
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for jet fuels. It also can be used as a flame-retarding additive in lith-
ium-ion batteries; however, it reduces the performance of the bat-
tery (Izquierdo-Gonzales et al. 2004).

Production

In 2009, hexamethylphosphoramide was produced by one manufac-
turer worldwide, in the United States (SRI 2009), and was available
from 21 suppliers, including 14 U.S. suppliers (ChemSources 2009).
No data on U.S. production, import, or export volumes were found.

Exposure

The routes of potential human exposure to hexamethylphosphoramide
are inhalation, ingestion, and dermal contact (HSDB 2009). The ma-
jor source of exposure is probably occupational; however, the general
population potentially could be exposed through release of hexameth-
ylphosphoramide to the environment. No environmental releases of
hexamethylphosphoramide were reported in the U.S. Environmental
Protection Agency’s Toxics Release Inventory (TRI 2009). Hexameth-
ylphosphoramide exists in the air solely in the vapor phase and will
be degraded by photochemically produced hydroxyl radicals, with a
half-life of 2 hours (HSDB 2009). If released to soil or water, hexa-
methylphosphoramide may leach rapidly in soil and sediments. It is
not expected to bioconcentrate in aquatic organisms.

EPA evaluated the potential for release of of hexamethylphos-
phoramide into the soil, surface water, and groundwater near a
site in Spruance, Virginia, where hexamethylphosphoramide was
used and disposed of (EPA 1980, 1999). In 1976, disposal of hexa-
methylphosphoramide from the facility directly into the James River
was documented. Up to 48 Ib per month was discharged; however,
surface-water concentrations downstream from the discharge point
were approximately 0.5 ppb, the lower limit of detection. Solid wastes
from the Spruance site containing hexamethylphosphoramide also
had been disposed of in Anniston, Alabama; evaluation of the disposal
site indicated detectable quantities of hexamethylphosphoramide in
a drainage ditch downstream from the disposal site, in an on-site
groundwater well, and in a well upgradient from the disposal site,
but not in Anniston’s drinking water. The waste was removed from
the disposal site, and remedial actions were taken at the site to mit-
igate risks of human exposure (EPA 1980). In 1999, hexamethyl-
phosphoramide was identified as a contaminant in groundwater
monitoring wells at the Spruance facility site, in nearby off-site wells
at concentrations of up to 480 pg/L, and in surface water downgra-
dient from the facility at a concentration of 0.17 pg/L (EPA 1999).
Potential levels of off-site exposure were below levels of concern for
human health and the environment.

Occupational exposure may occur among workers involved in
the production of hexamethylphosphoramide or in its use as a sol-
vent or chemical additive or in the packaging of consumer products.
The National Institute for Occupational Safety and Health estimated
that up to 90% of about 5,000 people who worked in U.S. labora-
tories that used hexamethylphosphoramide might have been ex-
posed (NIOSH 1975). The National Occupational Exposure Survey
(conducted from 1981 to 1983) estimated that 700 workers (in the
Business Services industry), including 51 women, potentially were
exposed to hexamethylphosphoramide (NIOSH 1990).

Regulations

Environmental Protection Agency (EPA)

Clean Air Act

National Emission Standards for Hazardous Air Pollutants: Listed as a hazardous air pollutant.
Comprehensive Environmental Response, Compensation, and Liability Act
Reportable quantity (RQ) = 11b.

For definitions of technical terms, see the Glossary.
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Emergency Planning and Community Right-To-Know Act
Toxics Release Inventory: Listed substance subject to reporting requirements.

Guidelines

American Conference of Governmental Industrial Hygienists (ACGIH)
Potential for dermal absorption.

National Institute for Occupational Safety and Health (NIOSH, CDC, HHS)
Hexamethylphosphoramide is listed as a potential occupational carcinogen.
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