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EXECUTIVE SUMMARY

The United States Environmental Protection Agendys( EPA) revised the federal volatile
organic compound (VOC) definition to exclude metligrmate, dimethyl carbonate, and
propylene carbonate based on the compounds’ neelgliggthotochemical reactivity. These
compounds are not classified as hazardous airtpotisiunder the federal Clean Air Act. Staff
has reviewed the relevant documents provided bylul& EPA, California Air Resources
Board (CARB) and industry, and is now proposingiteend Rule 102 — Definition of Terms by
adding methyl formate, dimethyl carbonate, and yieye carbonate to the list of VOC exempt
compounds in the rule.

Besides having negligible reactivity, methyl forenditas other desirable properties in that it has
negligible ozone depleting potential (ODP) and ayMew or zero global warming potential
(GWP). Dimethyl carbonate and propylene carbomage not classified as ozone depleting
substances. Staff also considered the potentadirheffects in evaluating these compounds for
exemption.

Proposed Amended Rule (PAR) 102 may potentiallyielate approximately 238 tons per year
of VOC emissions, and an additional 171 tons par g&global warming compound emissions
just from foam manufacturing operations.

BACKGROUND

The U.S. EPA revises the definition of VOCs for pases of preparing State Implementation
Plans (SIPs) to attain national ambient air quatigndards for ozone under the Clean Air Act.
The U.S. EPA lists chemical compounds that areuebed from the VOC definition based on
the compound’s negligible contribution to the fotima of tropospheric ozone (commonly
known as smog). Smog is formed when VOCs reactoghemically with nitrogen oxides in
the atmosphere. However, different VOCs have wiffereactivity levels, i.e., they do not react
to form ozone at the same rate or do not form ozortee same extent. There are VOCs that
react slowly, and changes in their emissions hawuéeld effects on local or regional ozone
pollution episodes. As a result, EPA’s policy leen to exclude organic compounds with
negligible reactivity level from the regulatory defion of VOCs, and helps states focus
emission control efforts on VOCs that significantigrease ozone concentrations.

In determining negligible reactivity, the U.S. ERAmpares the reactivity of a given organic
compound to that of ethane. Compounds with reiégtievels lower than, or equal to, ethane
under the assumed conditions may be deemed ndygligictive, while compounds that are
more reactive than ethane continue to be consideactive VOCs, and therefore subject to
control requirements.

The U.S. EPA uses three primary methods when cangpagactivity of a specific compound
to that of ethane. The first method is based emrr¢laction rate constanigl) of the compound
with the hydroxyl (OH) radical in the air. Thisation is the initial step in a series of chemical
reactions in the formation of ozone. If the reawtis slow, the compound will likely not form
ozone at a fast rate.

Two other methods for comparing reactivity levele dased on maximum incremental
reactivities (MIR) expressed either on a reactiyigr gram basis or on a reactivity per mole
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basis. The MIR values are more recently developedsures of photochemical reactivity and
consider not only the initial reaction step bubalscludes the complete ozone forming activity
of a specific organic compound. MIR values areregped either as grams of ozone formed per
mole of VOC (molar basis), or as grams of ozoneém per gram of VOC (mass basis).

During the past years, the U.S. EPA has revisedd#imition of VOCs to exclude several
organic compounds from the definition of VOC basedheir negligible contribution to ozone
formation. In November 2004, the U.S. EPA delisteethyl formate in response to a petition
from Foam Supplies, Inc. to exclude the compoumanfthe definition of VOC. The U.S.
EPA'’s decision to delist methyl formate was basedh® compound’s slightly lowerl value
and reactivity rate at less than half that of e¢han

Effective February 2009, two additional organic pamunds were added to the list of VOC
exempt compounds, i.e., dimethyl carbonate andypeop carbonate, on the basis that these
compounds are less photochemically reactive tharanet and, thus, have negligible
contribution to tropospheric ozone formation. Kofmerican Corporation petitioned the U.S.
EPA seeking an exemption for dimethyl carbonatenfriie regulatory definition of VOC,
while Huntsman Corporation submitted the exemppietition for propylene carbonate.

The following section provides a more detailed dgsion on the three compounds exempted
by the U.S. EPA from the VOC definition.

MATERIAL DESCRIPTION

Methyl Formate

Methyl Formate, also called methyl methanoatehésrethyl ester of formic acid and has the
following molecular formula: HCOOCH It is a clear liquid with a pleasant, ether-lixgor,
and is very soluble in water and miscible with mosianic solvents. The compound is not
classified as a hazardous air pollutant under #guerbl Clean Air Act. The physical and
chemical properties of methyl formate are summadrinehe following table.

Table 1 — Physical and Chemical Properties of Methyrormate

Description Colorless liquid; pleasant odor
Molecular Formula HCOOCH

Molecular Weight 60.05 g/mol

Density 0.98 g/mL

Boiling Point 32°C (89.7°F)

Melting Point -100°C

Vapor Pressure 585.7 mmHg @ 28C

Solubility in Water Soluble

Solvent Solubility Miscible with most organic sohts
Flash Point -19°C (-2.2°F)

The predominant industrial use of methyl formateinsthe manufacture of formamide,
dimethylformamide, and formic acid. Because ofhykeformate’s high vapor pressure, it is
commonly used as a component of the solvent sykiequick-drying coatings. It is also used
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in the manufacture of pharmaceuticals, and as wibpagent in foam manufacturing. The
U.S. EPA’s decision to exempt methyl formate as@CWas based on the compound’s low
ozone forming potential (reactivity). Scientifitudies indicate that the compound’s reaction
rate constant @¢) with the OH radical in the air is 2.27 x T0cm’/molecule/sec, which is
slightly lower than ethane’scl value of 2.4 x 18° cm’/molecule/sec. Further evidence of
methyl formate’s low reactivity, as reported in Wvilliam Carter's 2007 research report titled
“Development of the SAPRC-07 Chemical Mechanism ldpdated Ozone Reactivity Scales,”
shows an MIR value of 0.053 gram of ozone formedgoam of VOC. This is less than the
MIR value of 0.27 for ethane, which is the benchmesmpound for exemption purposes.
Because of methyl formate’s low or negligible r@att compared to ethane, it is not expected
to have a meaningful contribution to ozone formatio

Besides having negligible reactivity, methyl foredias other desirable properties in that it has
negligible ozone depleting potential (ODP) and &ayJew or zero global warming potential
(GWP). The GWP refers to the amount of global wagraaused by a substance. It is the ratio
of the warming caused by a substance to the warménged by a similar mass of carbon
dioxide.

Methyl formate is a suitable replacement for hydrbon blowing agents used in polyurethane
and polystyrene foam manufacturing. Polyurethaeemf products include rigid insulating
foam (used in refrigerators) and flexible foam ¢use furniture). Polystyrene foams are
commonly used in manufacturing food containersm&aof the substances that the compound
may replace for foam blowing include high GWP hytlrerocarbons such as HFC-134a, HFC-
152a, and HFC-245fa, and other VOC blowing agemtt s butane and pentane. Replacing
these compounds will help achieve overall reduciimrivOC emissions and Greenhouses
Gases.

In assessing a chemical compound for possibletogligs VOC in Rule 102, staff not only
evaluates its environmental benefits but also detexs potential health risks associated with
the use of such compound. In response to petifen¥OC exempt status and requests from
some air districts, the California Air Resourcesa®h in conjunction with the Office of
Environmental Health Hazard Assessment (OEHHA),dooted an environmental impact
assessment of methyl formate particularly on pdsdibalth effects associated with inhalation
exposure to the compound.

Methyl formate is rapidly hydrolyzed in the body ieethanol and formic acid. Methanol is
enzymatically oxidized to formaldehyde, which igrhrapidly oxidized to formic acid. These
metabolites were also considered by OEHHA in agsgsw®xicity of methyl formate.
Formaldehyde and methanol are listed as toxic @mtaminants in AQMD Rule 1401, and
formaldehyde is a known carcinogen.

OEHHA's assessment indicates that the use of métigiate as substitute for more reactive
blowing agents would increase exposure by inhalatibworkers and the general public near
facilities using the compound. The report alsadatés that methyl formate is expected to be
less irritating to mucous membranes than its méitasp formaldehyde or formic acid. In
addition, OEHHA'’s toxicity assessment finds thattimyk formate has no carcinogenicity or
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long-term toxicity data. Similarly, there is noi@ence of carcinogenicity for methanol despite
a vast database on toxicity and long history of @amnexposure. On the other hand,
formaldehyde is carcinogenic by inhalation, buhdts not been determined whether internal
levels of dissolved or bound formaldehyde produtgdintermediary metabolism or by
methanol oxidation are associated with cancer.

OEHHA's toxicity assessment concluded that for ryleformate’s intended use as substitute
blowing agent in foam manufacturing, the healthoson is the internal levels of methanol and
formic acid (or formate ion) in solution due to reblism of methyl formate, and not the
external air concentrations of the chemicals. HantOEHHA, in a memorandum to CARB on
the health effects of exposure to methyl formasgeed March 14, 2008, concluded that “at dose
levels likely to be achieved in environmental exyres by inhalation, these concerns appear to
be minor.”

There is no chronic Reference Exposure Level (RitLgancer potency values due to lack of
data on long-term health effects. However, OEHH lestimated an interim acute REL of
11,400 ug/m® (4.7 ppm) for methyl formate, which is much greatean the acute REL for
formaldehyde (55ug/m> and less than half that of methanol (28,Q89m®). OEHHA's
estimated interim REL for methyl formate, howeveas not undergone external peer review
nor has it been approved by the Scientific RevieandP on Toxic Air Contaminants.
According to OEHHA's report, formaldehyde’s low &&WREL reflects its reactivity which
causes sensory effects and tissue damage at thieopaontact with the respiratory system and
the eyes.

Based on OEHHA’s assessment of exposures, as wealbsitive environmental benefits of
using methyl formate, CARB, in a letter to air paibn control officers, dated May 19, 2008,
recommends that air districts consider this comgdon exemption in the definition of VOC,
but also to remain vigilant about possible adveffects as its uses increase.

Dimethyl Carbonate

This organic compound, also known as carbonic aoidethyl ester, is a colorless, fast-
evaporating solvent that is used as a methylatggntaand reaction solvent in chemical
processing. It is also used as solvent for lithiom batteries. It is highly flammable, with a
flash point of 64°F (closed cup). Despite its relatively low flashmp dimethyl carbonate
represents a more favorable alternative to two contynused VOC-exempt solvents: acetone
and methyl acetate, which have lower flashpoinffie table below summarizes the physical
and chemical properties of dimethyl carbonate.

Table 2 — Physical and Chemical Properties of Dimbyl Carbonate

Appearance Clear colorless liquid
Odor Pleasant odor

Molecular Formula (CH.COs

Molecular Weight 90.08 g/mol

Density 1.07 g/mL

Boiling Point 90°C (194°F) @ 760 mmH
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Vapor Pressure 55 mmHg @ 25C

Solubility in Water 13.9 g/100 g water

Solvent Solubility Miscible with most organic sohts
Flash Point 18°C (64.4°F)

Dimethyl carbonate is not identified as a hazardaugollutant under the federal Clean Air

Act nor is it classified as an ozone depleting tutse. Effective February 20, 2009, the U.S.
EPA excluded dimethyl carbonate from the definitmmVOC based on its low potential to

generate ozone in the troposphere. The reportrbZ&rter shows much lower MIR values for
dimethyl carbonate than ethane, as summarizedbte Babelow.

Table 3 — Comparison of MIR Values for Dimethyl Cabonate and Ethane

MIR Dimethyl Carbonate Ethane
gram ozone/gram VOC 0.056 0.27
Gram ozone/mole VOC 5.04 8.12

Based on dimethyl carbonate’s low MIR values, th8.UEPA concluded that the compound is
negligibly reactive, and excluded it from the VOE€fidition.

A VOC-exempt dimethyl carbonate may be used asi, pealant and adhesive co-solvent,
and may provide use as multipurpose and thinnihgeet Because of its solubility properties,
dimethyl carbonate may be useful as a co-solveatiglics, urethane and alkyd systems, and
potentially replace alcohols, ketones, esters dyabigethers. Dimethyl carbonate may likely
be used as a niche or specialty solvent in indalstaating/sealant applications as well as may
be incorporated in waterborne coatings and adhesigeause of its partial miscibility in water.

For some cleaning applications, dimethyl carbomasy be used to replace isopropyl alcohol
(IPA) although the compound is less polar than IBB&cause of its high boiling point, it is not
expected to be used in vapor degreasing. In spiits relatively low flash point, dimethyl
carbonate may still be a better alternative toawetind other fast evaporating organic solvents
in cold batch cleaning applications. In additidhe compound has solubility and other
properties that might make it a replacement fahtdaroethylene in solvent cleaning operations.
Because of the compounds drawbacks such as lot flasit and relatively high cost, Kowa
American estimates that potential volume of us€afifornia would only be 2 million pounds
per year.

Given the potential applications of the compoumdhalation is expected to be the primary
pathway of exposure due to evaporation of the swlv&his exposure would be similar to any
other paint, sealant and adhesive solvent it isnthéd to replace. There may also be some
minor dermal exposure from coatings splatteringareless mixing operations. Oral exposure
is rare and is limited to accidental ingestion.

Data from Kowa American indicates that dimethylbwarate is primarily metabolized in the
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body by de-esterification or hydrolysis by carboggterase enzymes to produce methanol and
carbon dioxide. At this time, CARB and OEHHA hawvet conducted an assessment of the
health effects of exposure to dimethyl carbonatbépagh both agencies have done extensive
research on methanol toxicity as part of the metoginate VOC exemption petition. The
AQMD has initiated a request with OEHHA to evaluatey health concerns from the use of
dimethyl carbonate.

No exposure guidelines have been established foettlyl carbonate by OSHA, ACGIH, or
NIOSH. However, Kowa American recommends an ocitopal exposure level of 200 ppm
over an 8-hour TWA based on the exposure limit istaed by OSHA and ACGIH for
methanol, which is the primary metabolite of dinytarbonate.

Based on information provided by Kowa American, elinyl carbonate is reported to have low
acute toxicity, low irritancy, and no mutagenicity.eratology study indicates effects at high
(3000 ppm) inhalation exposure level. No obserefféects were reported at 1,000 ppm
exposure level. Such results are consistent Wwehdratology effect levels of methanol. There
are no data available on the chronic effects/caggnicity of dimethyl carbonate.

Propylene Carbonate

Propylene carbonate is an odorless, non-viscows tilguid with a low vapor pressure, and
very slow evaporation rate. It is combustible,hafiash point of 132C. A summary of the
compound’s physical and chemical properties is shiovthe following table.

Table 4 — Physical and Chemical Properties of Propgne Carbonate

Appearance Colorless liquid
Odor Odorless
Molecular Formula (HeOs

Molecular Weight 102.09 g/mol
Density 1.25 g/mL

Boiling Point 240°C (464°F)
Vapor Pressure 0.03 mmHg @ 20C
Flash Point 132°C (269.6°F)

The compound has been used in adhesives, pappetsi, and as a solvent for aerial pesticide
application. Propylene carbonate is also usedarerthan 1,300 individual cosmetic products
such as mascara, lip gloss, foundation, sunscriéenliner, deodorant, anti-aging and
concealers. Other known application of propyleadaonate includes special purpose lubricant,
general purpose degreasers for industrial use,eridgdal coatings, and non-flat aerosol paint
products. Propylene carbonate may also be ustl @slvent because of its slow evaporation
rate, and in certain solvent cleaning applications.

Huntsman Corporation submitted a petition to th8.UEPA requesting VOC exempt status for

propylene carbonate based on its low reactivitsitied to ethane. More recent data from Dr.

Carter’'s study indicates the reactivity valuesgoopylene carbonate, as summarized in Table
5.
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Table 5 — Comparison of MIR Values for Propylene Cebonate and Ethane

Propylene Carbonate Ethane
gram ozone/gram VOC 0.27 0.27
gram ozone/mole VOC 27.56 8.12
kon (cm3/molecule-sec) 6.9 x 10 2.4 x 10

From the above data, propylene carbonate has arhigl value than ethane, meaning it

initially reacts more quickly in the atmospherertlethane. Further, a molecule of propylene
carbonate is more reactive than ethane based onwdlii®e calculated as gram ozone/mole
VOC. However, a gram of propylene carbonate is lemctive or creates less ozone than
ethane. Propylene carbonate has a molecular wiightis over three times that of ethane;
thus, it requires less than a third the number ofecules of propylene carbonate to weigh a
gram than the number of molecules of ethane netededigh a gram.

Based on the mass MIR value for propylene carbdoegiteg equal to or less than that of ethane,
the U.S. EPA concluded that propylene carbonategdigibly reactive and has low potential to

generate ozone in the troposphere. Effective Fepra0, 2009, the U.S. EPA delisted the
compound from the definition of VOC. In additigegropylene carbonate qualifies as non-VOC
under CARB’s Consumer Products Regulation becalige low vapor pressure.

Propylene carbonate is not listed as a hazardaupodiutant under the Clean Air Act. It
contains no chlorine or bromine and, thereforejaés not deplete the stratospheric ozone.
Based on available data, propylene carbonate hamsatwte toxicity. However, prolonged
contact with the skin as well as eye contact margearritation. No data is available on health
effects caused by chronic exposure to the chemloahddition, there is no established airborne
occupational exposure limit for propylene carbonaiéhe AQMD has initiated a request with
OEHHA to evaluate any health concerns from theaiiggopylene carbonate.

LEGISLATIVE AUTHORITY

The California Legislature created the South CéasQuality Management District (AQMD)
in 1977 (The Lewis-Presley Air Quality Managemertdt,AHealth and Safety Code Section
40400 et seq.) as the agency responsible for dewgl@and enforcing air pollution control rules
and regulations in the South Coast Air Basin (BasiBy statute, the AQMD is required to
adopt an Air Quality Management Plan (AQMP) demi@atstg compliance with all state and
federal ambient air quality standards for the B4Sialifornia Health and Safety Code Section
40460(a)]. Furthermore, the AQMD must adopt raed regulations that carry out the AQMP
[California Health and Safety Code Section 40440(a)

RULE PROPOSAL

Staff is proposing to amend Rule 102 by expandivg definition of Group | VOC-exempt
compounds to include methyl formate, dimethyl cadie, and propylene carbonate. Similar to



Proposed Amended Rule 102 Preliminary Draft StafReport

other Group | exempt compounds in Rule 102, metbginate is not toxic, not an ozone
depleter or global warming compound. Propylenbaaate is not a hazardous air pollutant or
an ozone depleting compound, and is already a V&pt compound under CARB’s
Consumer Products Regulation based on its low vapessure. In addition, dimethyl
carbonate is neither a toxic nor an ozone deplergstance, and is suited for inclusion under
Group | exempt compounds.

EMISSIONS INVENTORY

Based on 2006/2007 AER data and industry inputaceent of hydrocarbon blowing agents
used in foam manufacturing with a VOC-exempt metbghate would potentially reduce

VOC emissions by approximately 238 tons per yeabaut 0.65 ton/day. In addition, the use
of methyl formate as substitute for global warmif@C-exempt compounds, such as HCFC-22
and HFC-152a, would potentially reduce greenhoasegby 171 tons per year (0.47 ton/day).

The emissions impact in the South Coast Air Baexempting dimethyl carbonate and
propylene carbonate is unknown. Because of itsanod other properties, dimethyl carbonate
is expected to remain very much as a niche solvéat.propylene carbonate, it will be difficult
to quantify its potential use on coatings formwuas or on other likely applications mentioned
in the previous section.

COST
There is no additional cost to industry as a resfullhe proposed amendment to Rule 102.

CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA)
Staff is evaluating the proposed project, and mmsuo CEQA and AQMD Rule 110,
appropriate CEQA documentation will be prepared®aR 102.



