Definitions of VOC and ROG
Last Revised January 2009

1. U.S. EPA Definition of VOC (Volatile Organic Conpounds).

The U.S. Environmental Protection Agency (U.S. EB&fines and uses the term Volatile Organic Comgs'OC).

The term VOC is defined in the Federal Registene driginal definition of VOC made reference to agor pressure of the
compounds (greater than 0.1 millimeter of mercas/p determinant of volatility. However, the cuatrdefinition relies solely
on a list of exempted compounds having "negligfiiietochemical reactivity".

U.S. EPA periodically exempts additional compoundsaumber of proposed exemptions are pendingurArsary of

petitions and rulemakings follows. U.S. EPA cotdare William L. Johnson (Johnson.WilliamL@epa)gawd Dave Sanders
(Sanders.Dave@epa.gov).

FINAL RULEMAKINGS AND OTHER ACTIONS

>

U.S EPA exemptegdropylene carbonateanddimethyl carbonate, published in the Federal Register, January 20920
(FR Vol. 74, No. 12, Page 3441), effective Februzy2009.

U.S. EPA exempteHIFE-7300, as published in the Federal Register, Februa®p06 (FR Vol. 71, No. 27, Page 6729),
effective January 18, 2007 (FR Vol. 72, No. 11,é2893).

U.S. EPA exemptetiButyl Acetate, with special provisions, which are detailed below, in response to petifiom ARCO
Chemical Company [now Lyondell] (submitted 1/17/piigposed September 30, 1999, see 64 FR 52731)slpedd in the
Federal Register, November 29, 2004 (69 FR 6929&)¢tive December 29, 2004.

The Federal Register says: “This revision modiffesdefinition of VOC to say that t-butyl acetad¢sp known as tertiary
butyl acetate or informally as TBAC or TBAc) wilbhbe VOC for purposes of VOC emissions limitationd/OC content
requirements, but will continue to be VOC for pusps of all recordkeeping, emissions reporting,ianeintory requirements
which apply to VOC.”

U.S. EPA exempted 4 compounds, including 3 HFE/ldB@pounds and methyl formate, as detailed belobtighed in the
Federal Register, November 29, 2004 (69 FR 6929f¢tive December 29, 2004.
In the same action, U.S. EPA also added nolatme “HFE-7100" and “HFE-7200" to two previouslxempted
compounds.
The four exempted compounds are:
< 1,1,1,2,2,3,3-heptafluoro-3-methoxy-propane ¢r-OCH;) (also known asiFE-7000) — petition from 3M Performance
Chemicals and Fluids Division (submitted Februar§®09) [ Proposed September 3, 2003, see 68 FR 52373]

% 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-Zhfsromethyl) hexane (also known B$-E-7500, HFE-s702, T-7145,
or L-15381) — petition from 3M Corporation, St. Paul, MN (suitted August 21, 2000)[Proposed September 3, 2003,
see 68 FR 52373]

% 1,1,1,2,3,3,3-heptafluoropropane (knowrHiC-227eg — petition from Great Lakes Chemical Corporafisubmitted
February 18, 1998]) Proposed September 3, 2003, see 68 FR 52373]

%+ Methyl Formate — petition from Foam Supplies, Inc., Earth Cityiskburi (submitted February 12, 2003Proposed September 3,
2003, see 68 FR 52373]

U.S. EPA exempteMethyl acetate in response to petition from Eastman Chemicaljl&p 1998 (63 FR 17331),
effective May 11, 1998.

The Alliance for Responsible Atmospheric Policylidgton, Virginia, petitioned to exempt 22 composngrimarilyHFCs
and HCFCs, but later withdrew five of these. U.S. EPA exendpt® of the 17 requested compounds (excluding
HCFC-150a). The final rule was published August?®7 (62 FR 44900), effective September 24, 1997.

In response to petitions, the U.S. EPA exemptE@ 43-10mee, HCFC 225ca, and HCFC 225chT he final rule was
published October 8, 1996 (61 FR 52848), and beazffactive November 7, 1996.



> Perchloroethylenewas exempted by final rule published FebruarydB6l(61 FR 4588).
> Acetonewas exempted by final rule published June 16, (893-R 31633).

> U.S. EPA, OAQPS, held a workshop to evaluate asp¥dts reactivity policy, such as a molar vs.rgiaasis for reactivity.
The national workshop took place May 12-14, 199Banth Carolina, and a Reactivity Research Worl@rgup was formed
to foster a public/private partnership to spongat guide scientific research regarding ozone reicti

PENDING RULEMAKINGS AND PETITIONS (as of November 20, 2008):
> Below is the list of Compounds for which U.S. EPdshreceived petitions requesting VOC exempt statdsfor which U.S.
EPA has published no final action (as of NovemtierZD08):

1. 1-Bromopropane (also known as-propyl bromide) - submitted by Enviro Tech International, Alame@& (submitted
5/10/96). Petition also submitted by Albemarle CpBaton Rouge, LA (submitted November 18, 1997)

2. Methyl Bromide - Chemical Manufacturers Association, Washingfo@, (submitted (7/19/96)
3. n-Alkanes (C;, - Cig) - The Aluminum Association, Washington, DC (sutbed 11/27/96)
4. Technical white oils- The Printing Industries of America and PennBotdducts Company (submitted 12/20/96)

5. Benzotrifluoride - Occidental Chemical Company, Niagara Falls, Ksvibmitted 3/11/97). Also Kowa America Corp.,
New York, NY (submitted 7/29/02).

6. Carbonyl Sulfide (COS)- E.I. du Pont de Nemours and Company (submiti&dl/87). Petition also submitted by Texas
Mid-Continent Oil & Gas Association (submitted Detdzer 5, 1997)

7. trans-1,2-dichloroethylene- 3M Corporation, St. Paul, MN (submitted OctoBef997)

8. Carbon Disulfide - Texas Mid-Continent Oil & Gas Association, (sutied December 5, 1997)

9. Acetonitrile - BP Chemicals and GNI Chemicals Corporation, ifsitted January 21, 1998)

10. Toluene Diisocyanate (TDI) - Chemical Manufacturers Association [The Diisaate Panel of CMA reported the
following members: ARCO Chemical Company, BASF @@wation, Bayer Corporation, The Dow Chemical Compa
and ICI Americas, Inc.] (submitted January 22,8)99

11. Methylene Diphenyl DiisocyanateMDI ) - Chemical Manufacturers Association [The Diisoate Panel of CMA
reported the following members: BASF CorporatiBayer Corporation, The Dow Chemical Company, IClekitas,
Inc., and Lyondell Chemical Company], (submittecyAst 19, 1998)

12. Propylene carbonate- Huntsman Corporation, Austin, Texas (July 299

13. Methyl pivalate - Exxon Chemical Company, Houston, TX (November399)

14. Dimethyl Carbonate — Kowa American Corporation, New York, NY, (July 2504

15. Hydrofluoropolyethers (HFPES) — Solvay Solexis, Inc., Thorofare, NJ (submittedbfaary 10, 2005)

16. 1,1,2,2-tetrafluoro-1-(2,2,2-trifluoroethoxy)ethane (HFE-347pc-f)— AGC Chemicals Americas, Inc., Charlotte, NC
(submitted February 5, 2007)

17. Methyl iodide (iodomethane)— Arysta LifeScience North America LLC, Cary, N&ibmitted April 21, 2008)

18. Methyl isothiocyanate (MITC) — the Metam Sodium Alliance (Amvac Chemical Cogtimn, Taminco, Inc. and
Tessenderlo Kerley, Inc.), submitted July 30, 2008

The complete federal definition and the list xémpted compounds to date are shown on the follppage.
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U.S. EPA Definition of VOC (as of January 2009)1based on final rules to date)
40 CFR Part 51 Section 51.100 Definitions.
(s)olatile organic compounds (VOC)means any compound of carbon, excluding carbon ridapcarbon dioxide,

carbonic acid, metallic carbides or carbonates,sanchonium carbonate, which participates in atmospipaotochemical
reactions.

(1) This includes any such organic compound other tharfollowing, which have been determined to have
negligible photochemical reactivity:

methane; [ 74-82-8 ]
ethane; [ 74-84-0]
methylene chloride (dichloromethane); [ 75-09-2 ]
1,1,1-trichloroethane (methyl chloroform); [73-6]
1,1,2-trichloro-1,2,2-trifluoroethane (CFC-113); 76-13-1]
trichlorofluoromethane (CFC-11); [ 75-69-4 ]
dichlorodifluoromethane (CFC-12); [ 75-71-8]
chlorodifluoromethane (HCFC-22); [ 75-45-6 ]
trifluoromethane (HFC-23); [ 75-46-7 ]
1,2-dichloro-1,1,2,2-tetrafluoroethane (CFC-114); [ 76-14-2 ]
chloropentafluoroethane (CFC-115); [ 76-15-3 ]
1,1,1-trifluoro-2,2-dichloroethane (HCFC-123); 3(6-83-2]
1,1,1,2-tetrafluoroethane (HFC-134a); [ 811297
1,1-dichloro-1-fluoroethane (HCFC-141b); [ 1700-6]
1-chloro-1,1-difluoroethane (HCFC-142b); [78-8]
2-chloro-1,1,1,2-tetrafluoroethane (HCFC-124); 28B7-89-0 ]
pentafluoroethane (HFC-125); [ 354-33-6 ]
1,1,2,2-tetrafluoroethane (HFC-134); [ 359-3p-3
1,1,1-trifluoroethane (HFC-143a); [ 420-46-2 ]
1,1-difluoroethane (HFC-152a); [ 75-37-6 ]
parachlorobenzotrifluoride (PCBTF); [ 98-56-6
cyclic, branched, or linear completely methsthsiloxanes; [ various ]
acetone; [67-64-1]
perchloroethylene (tetrachloroethylene); [ 12741
3,3-dichloro-1,1,1,2,2-pentafluoropropane (HCFC-@95 [ 422-56-0 ]
1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC«25 [ 507-55-1]
1,1,1,2,3,4,4,5,5,5-decafluoropentane (HFC-43-1Qmee [ 138495-42-8 ]
difluoromethane (HFC-32); [ 75-10-5]
ethylfluoride (HFC-161); [ 353-36-6 ]
1,1,1,3,3,3-hexafluoropropane (HFC-236fa); 90@9-1]
1,1,2,2,3-pentafluoropropane (HFC-245ca); [ 68979
1,1,2,3,3-pentafluoropropane (HFC-245ea); [ 24264 |
1,1,1,2,3-pentafluoropropane (HFC-245eb); [ 43123
1,1,1,3,3-pentafluoropropane (HFC-245fa); [ 48017
1,1,1,2,3,3-hexafluoropropane (HFC-236ea); [ 43109
1,1,1,3,3-pentafluorobutane (HFC-365mfc); [ 4@66D]
chlorofluoromethane (HCFC-31); [ 593-70-4 ]
1-chloro-1-fluoroethane (HCFC-151a); [ 1615-75h-4
1,2-dichloro-1,1,2-trifluoroethane (HCFC-123a); 354-23-4 ]
1,1,1,2,2,3,3,4,4-nonafluoro-4-methoxy-butang=OCH; or HFE-7100); [ 163702-07-6 ]
2-(difluoromethoxymethyl)-1,1,1,2,3,3,3-heptaflupropane ((Ck,CFCROCH); [ 163702-08-7 ]
1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutang-OC,Hs or HFE-7200); [ 163702-05-4 ]
2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-heptafluoropane ((Ck),CFCROC,Hs); [ 163702-06-5 ]
methyl acetate, [ 79-20-9]
1,1,1,2,2,3,3-heptafluoro-3-methoxy-propane (r-OCHs, HFE-7000) [ ]
3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-Ehfsromethyl) hexane (HFE-7500) | ]
1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea) Fa3D ]
methyl formate (HCOOCH), [ 107-31-3]
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1,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-4-trifloorethyl-pentane (HFE—7300 or [ ]

GFsCF(OCH,)CF(CR). ),
propylene carbonate, [ 108-32-7 ]
dimethyl carbonate, [616-38-6 ]
and perfluorocarbon compounds which fall into thelssses: [ various ]

(I) Cyclic, branched, or linear, completely fluzated alkanes;

(i) Cyclic, branched, or linear, completely flirmaited ethers with no unsaturations;

(iiif) Cyclic, branched, or linear, completely flilwated tertiary amines with no unsaturations; and

(iv) Sulfur containing perfluorocarbons with nosaturations and with sulfur bonds only to carbod #umorine.

(2) For purposes of determining compliance withssions limits, VOC will be measured by the testhods in the
approved State implementation plan (SIP) or 40 €BR 60, Appendix A, as applicable. Where such thatkalso
measures compounds with negligible photochemicadtiéty, these negligibly-reactive compounds mayelxcluded as
VOC if the amount of such compounds is accuratabntjfied, and such exclusion is approved by tHereement
authority.

(3) As a precondition to excluding these compowasl¥OC or at any time thereafter, the enforceraatitority may
require an owner or operator to provide monitongesting methods and results demonstrating,g¢s#tisfaction of the
enforcement authority, the amount of negligiblyetdge compounds in the source's emissions.

(4) For purposes of Federal enforcement for aipsource, the EPA shall use the test methodsifpéd in the
applicable EPA-approved SIP, in a permit issuedymmt to a program approved or promulgated undkr Yiof the
Act, or under 40 CFR Part 51, Subpart | or Apperglior under 40 CFR Parts 52 or 60. The EPA slaalba bound by
any State determination as to appropriate methard®$ting or monitoring negligibly-reactive compals if such
determination is not reflected in any of the abpr@visions.

(5) The following compound(s) are VOC for purposésll recordkeeping, emissions reporting, phogwalcal
dispersion modeling and inventory requirements twihipply to VOC and shall be uniquely identifiecemission reports,
but are not VOC for purposes of VOC emissions htiins or VOC content requirements:

t-butyl acetate [540-88-5]

(6) For the purposes of determining compliance @isttifornia's aerosol coatings reactivity-basedutation, (as
described in the California code of Regulation$leTi7, Division 3, Chapter 1, Subchapter 8.5, deti3), any organic
compound in the volatile portion of an aerosol cwpts counted towards that product's reactivitgdzhlimit. Therefore,
the compounds identified in paragraph (s) of teiisn as negligibly reactive and excluded from ER¥efinition of
VOCs are to be counted towards a product's resctimit for the purposes of determining complianvei¢h California’s
aerosol coatings reactivity-based regulation.

(7) For the purposes of determining compliance &iA's aerosol coatings reactivity based regulatasndescribed in
40 CFR Part 59 — National Volatile Organic Compo#&mission Standards for Consumer and CommerciallRts) any
organic compound in the volatile portion of an aetaoating is counted towards the product’s rgdgtbased limit, as
provided in Part 59, Subpart E. Therefore, the acmmgs that are used in aerosol coating productstemdire identified
in paragraph (s) of this section as negligibly tieacand excluded from EPA’s definition of VOC deebe counted
towards a product’s reactivity limit for the purgesof determining compliance with EPA’s aerosolticms reactivity-
based national regulation, as provided in ParSa@part E.

NOTE: Chemical Abstract Service (CAS) identificatinumbers have been included in brackets [ ] #fecompounds
for convenience.



2. California Air Resources Board's Definition of RDOG (Reactive Organic Gases)

The California Air Resources Board's (ARB's) Entssinventory Branch (EIB) uses the terms Total @Qig&ases
(TOG) and Reactive Organic Gases (ROG). Califoamigollution control districts report Total OrgarGases (TOG) to the
Air Resources Board's emission inventory.

For each source category, the ARB derives a valuthé Reactive Organic Gases (ROG) by multiplyhreyreported
TOG by the Fraction of Reactive Organic Gases (FRCEach source category is keyed to one of seberadred available
chemical speciation profiles. For each categtnry,RROG value is calculated as the weight fraaioihose species designated by
the ARB as reactive in the speciation profile aggddle to the category. The ARB's organic gas sfieai profiles are available for
download from the ARB's web sitelatp://www.arb.ca.gov or specifically ahttp://www.arb.ca.gov/ei/speciate/speciate.htm

The relationships among these organic gas termsuanenarized as follows:

TOG - Exempt cmpds = ROG

(Total Organic Gas) [ ARB list of methane, (RéaxOrganic Gas)
CFCs, etc. ]

TOG X FROG = ROG

(Total Organic Gas) (Fraction of Reactive (Reacrganic Gas)

Organic Gas)

Background Regarding Federal vs. State Exempt [ike original "Air Pollution Emission Inventory@gram" manual,
ARB, March 1982, listed the compounds which the ARiBally treated as exempted from ROG. The digtered somewhat from
the U.S. EPA's list of exempted VOCs even at time tiin that ARB's definition of ROG did not exenffthane. As discussed in
the prior section, U.S. EPA later exempted add#i@@mpounds from the federal definition of VOCOna|.

Subsequently, the Air Resources Board was petitioagarding exemptions from the ARB's regulatiofibe ARB staff
formed a Reactive Organic Gas Technical Commif@GTC), made up of staff from the ARB's affectedsions and district
representatives, to systematically evaluate thpgeed exemption of these compounds. At a pubhcihg in September 1995,
the Air Resources Board took action to revise ginition of "Volatile Organic Compounds" that ised in the consumer
products regulations, based on the recommendatiothe ROGTC. Methyl siloxanes were added to i$teof exempted
compounds, and parachlorobenzotrifluoride, acetand,ethane were added to the list of exempted cangs with the qualifier
that they are "low-reactive organic compounds wihiatie been exempted by the U.S. EPA". Based oR@®@TC's analysis, the
staff similarly modified the overall inventory deffion of ROG to extend the Board's action on tbestimer products regulation
"VOC" definition to "ROG" for all inventory appli¢®ns.

The Air Resources Board exempted Perchloroethyteme the definition of VOC in the consumer productgulations
in November 1996. In response to industry petjttbe Air Resources Board approved the exemptidiiethyl Acetate from the
definition of VOC in the ARB'’s regulations for aaa coatings, consumer products, and antipersgiamd deodorants at a public
hearing on November 19, 1998.

In March 2008, the Air Resources Board staff firedi a report titled "Environmental Impact AssesdroéiSelected
Halogenated Chemicdldn this report, staff recommended that a VOCreption for HFE-7200 (which consists of two isomers)
be granted. The Air Resources Board approved aicevio the consumer products regulation on Jup2@@8 that included the
VOC exemption for HFE-7200, shown in the regulati@merically as ethoxy-nonafluorobutane (HFE-7200).

As noted above, the ARB's list of compounds haspans, including a second group of “low-reactivgamic compounds
which have been exempted by the U.S. EPA”. Th#sgation is used for compounds that are expectéave low, but not
insignificant, ozone formation impacts in the neam; however, their future new uses and emisgsieesl to be tracked, and the
exemption revisited, if necessary, to ensure ttene future degradation of air quality resultingrh increased usage.

Likewise, some compounds that have been exemptedtfre definition of ROG or VOC may have other adeémpacts,
such as toxicity, stratospheric ozone depletiormiil, or greenhouse gas potential, that musbbsidered. Therefore,
"exemption” from the definition of ROG or VOC istren automatic endorsement for increased usageaihaound.

The complete ARB definitions and the list of exeetbtompounds to date are shown on the following pag
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ARB's Definitions of TOG and ROG (as of January 200):

Total Organic Gases (TOG)means compounds of carbon, excluding carbon moeorarbon dioxide, carbonic acid, metallic carbides

or carbonates, and ammonium carbonate.

Reactive Organic Gases (ROGneans any compound of carbon, excluding carbon ridapcarbon dioxide, carbonic acid,
metallic carbides or carbonates, and ammonium catleo and excluding the following:

* *k

CAS TAC
Q) methane; [ 74-82-8 ]
methylene chloride (dichloromethane); [ 75-09-2 ] A
1,1,1-trichloroethane (methyl chloroform); [ 71-B69- TAC
trichlorofluoromethane (CFC-11); [ 75-69-4 ]
dichlorodifluoromethane (CFC-12); [ 75-71-8]
1,1,2-trichloro-1,2,2-trifluoroethane (CFC-113); 76-13-1]
1,2-dichloro-1,1,2,2-tetrafluoroethane (CFC-114); 76f14-2 ]
chloropentafluoroethane (CFC-115); [ 76-15-3 ]
chlorodifluoromethane (HCFC-22); [ 75-45-6 ]
1,1,1-trifluoro-2,2-dichloroethane (HCFC-123); 3(06-83-2 ]
2-chloro-1,1,1,2-tetrafluoroethane (HCFC-124); 28B7-89-0 ]
1,1-dichloro-1-fluoroethane (HCFC-141b); [ 1710-6)
1-chloro-1,1-difluoroethane (HCFC-142b); [ 75-88-
trifluoromethane (HFC-23); [ 75-46-7 ]
pentafluoroethane (HFC-125); [ 354-33-6 ]
1,1,2,2-tetrafluoroethane (HFC-134); [ 359-35-3 ]
1,1,1,2-tetrafluoroethane (HFC-134a); [ 811-97-2
1,1,1-trifluoroethane (HFC-143a); [ 420-46-2 ]
1,1-difluoroethane (HFC-152a); [ 75-37-6 ]

ethoxy-nonafluorobutane (HFE-720@hich consists of 2 compounds:

1-ethoxy-1,1,2,2,3,3,4,4,4-aftuorobutane and [163702-05-4 ]
2-(ethoxydifluoromethyl)-1,1,1,2,3,3,3-heptaitopropane [163702-06-5 ]
cyclic, branched, or linear completely methsthsiloxanes; [ various ]
the following classes of perfluorocarbons: [ oas ]

(A) cyclic, branched, or linear, completéiiyorinated alkanes;

(B) cyclic, branched, or linear, completelyditinated ethers with no unsaturations;

(C) cyclic, branched, or linear, completelyoflinated tertiary amines with no unsaturations; and

(D) sulfur-containing perfluorocarbons with unsaturations and with the sulfur bonds onlgaxdon and
fluorine; and

(2) the following low-reactive organic compoundsich have been exempted by the U.S. EPA:

acetone; [67-64-1]
ethane; [ 74-84-0]
methyl acetate; [ 79-20-9 ]
perchloroethylene; and [127-18-4] TAC
parachlorobenzotrifluoride (1-chloro-4-triflnethyl benzene). [ 98-56-6 ]

* NOTE: Chemical Abstract Service (CAS) identificatinumbers have been included in brackets [ ] dowvenience.

*  NOTE: "TAC" indicates compounds that haveel identified by the ARB as Toxic Air Contaminaffé\.C).
Their "exemption" from the definition of ROG or \W&s not an endorsement for their increased usage.

Originally prepared November 2004 by Beth Schwehr, California Air Resources Board, Planning and Technical Support Division,
Emission Inventory Branch, bschwehr@arb.ca.gov. Modified by Ralph Propper, RD, August 2008; and by Beth Schwehr, PTSD, January
2009.]
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