Determining VOC Content

With certain exceptions
noted below, the solvents
used in coatings, inks, adhe-
sives, and consumer products
are classified as voldtile or-
ganic compounds (VOCs).
Although these prod-
ucts include other
VOCs besides sol-
vents, solvents gener-
ally account for the
largest part of their
VOC content. Over
thelast few years, fed-
eral and state agencies
have set limits on the
amount of VOCs that
can beused in many of
these products. Inor-
der to comply with
these VOC-content
[imits, product formu-
lators must under-
stand how the VOC
content of aproduct isdeter-
mined for regulatory pur-
poses.

Emissionsof VOCs, inand of
themselves, do not necessar-
ily giveriseto health or envi-
ronmental concerns. |n many
areas, however, they react
with oxides of nitrogen
(NOx) to form ground-level
ozone -- the primary compo-
nent of urban "smog." There
are a smal number of sol-
vents that do not contribute

to ozone formation and are
therefore classified as"VOC-
exempt." Although only afew
solvents are currently classi-
fied asVVOC-exempt, they can
be an important tool for meet-

ing VOC-content limits while
still allowing the use of proven
solvent systems.

Consumer Products

In September 1998, the U.S.
Environmental Protection
Agency (EPA) established na-
tional VOC-content limitsfor
24 categories of consumer
products, including such
things as hairsprays, deodor-
ants, air fresheners, and house-

hold cleaners. Although

statesare allowed to set more

stringent limits on consumer

products sold within their

borders, Caiforniaistheonly

state that has done so as of
this date.

VOC-content limits
for consumer prod-
ucts are typically set
in terms of weight-
percent VOCs. Un-
der the federa rule,
for example,
hairsprays may con-
tain no more than 80
percent VOCs on a
weight-percent ba-
sis. (The corre-
sponding Cdlifornia
[imit is 55 percent.)
Thus, theingredients
in a hairspray prod-
uct that are classified as
VOCs may not account for
more than 80 percent of the
weight of the product (or 55
percent for products sold in
Cdifornia). In order to dem-
onstrate compliance with
such limits, product manufac-
turers must keep adequate
records of the amounts of
constituents used to manufac-
turetheir products. Although
this can be a substantial bur-
den in terms of
recordkeeping, the actual
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methodol ogy for determining
complianceisstraightforward.

There are two classes of ex-
empted compounds that gen-
erally do not count against
VOC-content limits for con-
sumer products: (1) com-
poundsclassified asV OC-ex-
empt and (2) low vapor pres-
sure (LVP) compounds.

VOC-Exempt Com-
pounds: Thelist of com-
pounds that EPA has class-
fied as VOC-exempt is
found at 40 C.FR. §

LVP Compounds: For most
types of consumer products,
the LVP cut-off is 0.1 mm Hg
at 20°C. Any compound with
avapor pressure less than or
egual to the cut-off is not
counted against the applicable
VOC-content limit. The LVP
cut-off limit may be different
for certain types of products.
Formulators should consult
the applicable regulationsin
order to determine the LVP
cut-off that appliesto their
particular products.

51.100(s)(1). This
section can be found on-
line by using the search
engine at
WWW.access.gpo.gov/
naralcfr/cfr-table-
search.html. It isimpor-
tant to note, however,
that each state also has
itsown list of VOC-
exempt compounds that

VOC =

VOC =

Table 1- Methods for Determining
VOC Content of Paints and Coatings

Pounds/Gallon Method

pounds of solvent - exempt solvent
gallon of coating - exempt solvent

Pounds/Pound Method

pounds of solvent - exempt solvent
pounds of solids

will apply in many cases.
Although the state lists
are generadly identical to the
EPA list, some states take
severa years to add com-
pounds that have been newly
added to the EPA list.
Therefore, a solvent user
should be aware of the list
that isin effect in his or her
state.

Paints and Coatings

Over thelast several years, EPA
and severa stateshaveasois-
sued regulations that establish
VOC-content limits for many
types of paints and coatings.

There are three important dif-
ferences between such limits
and the VOC-content limits
that apply to consumer prod-
ucts.

Use of Thinner or Re-
ducer: If the producer of a
coating recommends that a
thinner or reducer be added
by the end user, then the
recommended amount of
thinner or reducer counts
against the applicable VOC-
content limit.

No LVP Exemption:
Under current law, thereis
no explicit LVP exemption
for compounds used in
paints and coatings.! Asa
result, some compounds
are regulated as VOCs
when used in coatings, but
not when used in consumer
products.

Methods for Deter mining

Compliance: The method-
ology for determining
compliance with paint and
coating limits is somewhat
more complex than the
method used for consumer
products. Thisissueis
discussed below.

Under current regulations,
there are two ways of deter-
mining the VOC content of a

As a general rule, formulation records are used to demonstrate compliance with paint and coatings regulations. However,
there is also a specific test method, known as Test Method 24, that can be used to measure the VOC content of a coating for
compliance and enforcement purposes. See CFR part 60, appendix A. Method 24 may not "pick up" certain low vapor
pressure compounds and, therefore, may exclude them from regulation as a practical matter. However, there is no definitive
list of LVP compounds that are not captured by Method 24. To the extent that it captures VOC-exempt compounds, such
compounds are backed out of the Method 24 result. ASTM offers training courses on using Test Method 24 to determine the

VOC content of paints and coatings.
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Table 2- Methods to Measure VOC Content of a Typical
Lacquer Formulation Before and After Reformulation
With a VOC-Exempt Solvent

Coating Containing
No VOC-Exempt

Coating Containing
VOC-Exempt Solvent
Solvent

Weight of Coating, Pounds 100 100
% Nonvolatile Matter 15 19
Total Coating Volume, Gallons 13.3 13.2
Total Weight of Solvent, Pounds 85 81
Weight of VOC-Exempt Solvent 0 32
Volume of VOC-Exempt Solvent 0 4.9

VOC Content Calculated as:

Pounds VOC/Gallon

85 Ibs VOC/13.3 gals

(81-32) Ibs VOC/
(13.2 - 4.9) gals =
5.90

=6.39

Pounds VOC/Pound Solids

85 Ibs VOC/15 Ibs

(81-32) Ibs VOC/ 19
Ibs solids = 2.58

solid = 5.70

coating: (1) in pounds (or
grams) of VOC per gallon (or
liter) of solution minus exempt
solvents (including water and
VOC-exempt organic com-
pounds); or (2) in pounds of
VOC per pound of solids, as
applied. These two methods
are shown on Table 1.

Regulations specify which ap-
proach must be used; formula-
torsare not given the option of
choosing between the two
methods. For historic reasons,
the "per-gallon” approach is
morewidely used, athoughthe
"per-pound-of-solids" method
is generally considered a bet-
ter indicator of a coating's en-
vironmental impact because it
measures the expected VOC
emissions for a given amount
of surface area coated to a
given film thickness.

Thereisa so animportant prac-
tical difference in how these
two methodstreat solventsthat
are not classified as VOCs, in-
cluding both VVOC-exempt or-
ganic solventsand water. Both
methods show a reduction in
the VOC content of a coating
when aV OC-exempt solventis
used in place of other solvents.
However, the "per-pound-of-
solids' method more accurately
measures the VOC reduction
that isachieved from the use of
VOC-exempt solvents. The
disparity between the two
methods results from the re-
quirement that VOC-exempt
solvents must be subtracted
from both the numerator
(pounds) and the denominator
(galons) under the " per-gdlon”
method, while they are only
subtracted from the numerator
under the "per-pound-of-sol-
ids" method.

Table two compares how the
two methods measurethe VOC
content of atypical lacquer for-
mulation before and after it has
been reformulated withaVVOC-
exempt solvent.

As shown in the first column,
the original formulation con-
tains 85 percent organic sol-
vent, al of whichisVOC. A
case study showed that such a
coating may bereformulated to
contain 40 percent VOC-ex-
empt solvent (in this case ac-
etone) by weight, aslong asthe
user takes into account
acetone's lower flash point to
ensure safe use and handling, as
well as the potential for resin
or humidity blush during appli-
cation. Thereformulated coat-
ing is shown in the second col-
umn. Note that, because ac-
etone is a very active solvent,
the reformulated coating would
actually have a higher solids
content than the original formu-
lation and still maintain the
same viscocity. Because of the
higher solids content, it would
containlessoveral solvent--ap-
proximately 81 pounds versus
85inthe original coating.

As shown in the table, the per-
gallon method does show ade-
crease (from 6.39 to 5.90, or
about 8%) in the VOC content
of thereformulated coating, but
thisisduemostly to theincrease
in solids content. This method
seriousy understatesthe actual
VOC reduction impact of us-
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ing a solvent that is not con-
sidered to be VOC-- regard-
less of whether it is water or
a VOC-exempt organic sol-
vent such asacetone. Theap-
plicator isnot concerned with
applying a certain number of
gallons of coating to the sub-
strate, but instead applies suf-
ficient solids to achieve the
desired film thickness. Thus,
the 55% decrease (from 5.70
to 2.58) in VOC content cal-
culated by the " per-pound-of -
solids' method reflectsthe ac-
tual reduction in VOC emis-
sions obtained by using a
VOC-exempt solvent.

Although the "per-pound-of-
solids' method is a better in-
dicator of the true environ-
mental impact of a coating,
many current regul ations con-
tinue to require VOC content
to be measured in pounds of
VOC per gallon of coating.
Product formulators should be
aware of this important dis-
tinction and may want to en-
courageregulatory officialsto
adopt the per-pound-of-solids
approach asthey develop new
standards for paints and coat-
ingsin the future.

Solvents Council

The Solvents Council serves
as a forum for addressing
health, safety, and environ-
mental issues that affect pro-
ducers, distributors, and users
of hydrocarbon and oxygen-
ated organic solvents. For
more information about this
bulletin or the Council, please
contact Barbara O. Francis,
Manager of the Solvents
Council at 703/741-5609.

Legal Notice

The information contained in this
brochureisofferedin good faith and
believed to be accurate and reliable
as of the date of publication. How-
ever, neither CMA nor the Solvents
Council assumes any liability re-
sulting from the use of, or reliance
upon the information provided in
thisbrochure. All personsinvolved
in handling, storing, or using sol-
vents have an independent obliga-
tion to ascertain that their actions
arein compliancewith current fed-
eral, state, and local laws and regu-
lations, and should consult with le-
gal counsel concerning such mat-
ters.

CMA - Solvents

Council

BP Amoco p.l.c.
1-800-272-4367

Celanese Ltd.
1-800-627-9579

Dow Chemica Company
www.dow.com/oxysolvent

Eastman Chemica Company
Www.eastman.com

Exxon Chemical Company
1-800-526-0749

Lyondell Chemical Company
1-800-777-0232

Phillips Petroleum Company
1-918-661-4400

Shell Chemical Company
www.ShellChemicals.com

Sunoco, Inc.
1-800-825-3500

Union Carbide Corporation
1-800-SOLVENT

THISBULLETIN MAY BE REPRODUCED IN ITSENTIRETY

CHEMICAL
MANUFACTURERS
ASSOCIATION
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