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ABSTRACT

The calculation of volatile organic compound emissions from graphic arts
operations to determine compliance is often a complicated task, sometimes
creating confusion with compliance authorities and sources alike. In an
attempt to minimize this confusmn, EPA (OAQPS) has periodically issued
guidance in this area, generally in the form of memoranda to the EPA Regional
Offices. EPA guldance for subm:.ttmg data on ink formulations and performing
basic calculations is contained in the document entitled "Procedures for
certifying Quantity of Volatile Organic Compounds Emitted by Paint, Ink, and
Other Coatings," EPA 450/3-84-019, published in December 1984. On June 19,
1985, two pages, III-4 and III-9, were revised and issued.

"A Guideline for Graphic Arts Calculations" takes the above guidance
process one step further. Example calculations are included for basic emission
problens, compliance determinations, control strategy problems, and complex
emission problems.



SECTICN 1

INTRODUCTION

1.1 PUREOSE

The purpose of this document is to provide background information, a
process description, emissions data, a regulatory description, and example
calculations for the graphic arts industry. This section covers the first four
of these topics to provide the reader with the necessary information for
calculating compliance problems. The remaining sections present sample
‘calculations typical of those used to determine compliance or to evaluate
control strategies. These calculations include explamations that are useful to
persons familiar with graphic arts operations. Section 2 provides basic data
considerations that are required to perform these calculations. Section 3
provides basic reformulation calculations to introduce the basic mathematical

concepts involved in calculating volatile organic campourd (VOC) emissions from
- graphic arts sources. Section 4 illustrates calculation techniques to use when
a printer chooses to reduce emissions with add-on control systems. Section 5
presents reformulation and add-on control compliance calculations . These
problems introduce complicating factors such as multiplé printing lines and
dilution solvent and are therefore more complicated than the problems in
Sections 3 and 4. Section 6 includes complex calculations, which incorporate
the techniques demonstrated in Sections 3, 4, and 5 plus multiple inks on
- multiple printing presses. Section 7 demonstrates calculations using the newly
developed alternate emission limit which is available through a SIP revision.

1.2 PROCESS DESCRIPTION

The graphic arts industry includes. five common types of printing:
rotogravure, flexography, silk screening, letterpress, and lithography
(offset). The U.S. Envirormental Protection Agency (EPA) issued Control
Techniques Guidelines (CIGs) to provide information to state and local air



pollution control agencies on the rotogravure and flexographic industries. (1)
Rotogravure and flexography are therefore commonly regulated by State Implemen-
tation Plans (SIPs) and are the subject of this document.

Rotogravure printing is considered by EPA to consist of two different
categories: publication rotogravure and packaging rotogravure. Publication
- rotogravure is the printing of paper which is used in bocks, magazines,
catalogs, etc.(2) These facilities are usually very large in size. Packaging
rotogravure is the printing of paper, foil, and plastic film used to package
various products. It is done by a considerably larger rumber of companies
ranging from large facilities with many press unfts to very small captive
cperations with only cne or two press units. Many processes normally included
within the paper, fabric, or vinyl coating CIG categories may be regulated
under Graphic Arts Regulations if the coating. line includes a rotogravure or
flexographic printing station. The State SIP should be checked to determine
which requirements are applicable for a specific source.

1.2.1 Equipment

. larger printing operations use presses which have a curved image carrier
mounted on a rotating cylinder, or an etched or engraved image directly on a
rotating cylinder. In direct printing, the image is transferred directly from
the cylinder to the print surface. In indirect printing, the image is
transferred to an intermediate roll called a "blanket" and then to the print
surface. (3)

Flexographic printing is the application of words, designs, and pictures
to a substrate by means of a roll printing technique. The applied pattern is
raised above the printing roll and the image carrier (plate) is made of rubber
or another elastcmeric material. A feed cylinder rotatés in a trough of ink,
called an ink fountain, and delivers the ink to the plate via distribution
rollers. The web passes between the inked plate and the impression cylinder.
As the impression cylinder presses the substrate against the inked plate, the
image is printed on the substrate. The ink dries by evaporation mainly.
Evaporation is achieved by moving the web through a dryer with temperatures
below 120°C. (See Figure 1.) Flexcgraphic presses are usually rotary web in
design, i.e., roll-fed. However, presses that print corrugated paper board are
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-one exception. Flexography uses fluid inks (low viscosity), typically about 75
volume percent organic solvent. Obviouély, any solvents used must be com-
patible with rubber and other plate materials. (5).

_ In rotogravure printing, a pattern is etched into the chrome~ or copper-
plated gravure cylinder. Chrome-plated cylinders provide better wear resis-
tance. The image is in the form of cells or cups mechanically or chemically
etched in the surface. These cells are usually 0.0014 inches deep by 0.005
inches square with approximately 22,500 cells per square inch. The
gravure cylinder rotates in an ink trough or fountain, and the excess ink is
wiped by a steel doctor blade. Then, a rubber impression cylinder (blanket)
presses the web into the etched cylinder to transfer the image. Rotogravure
printing also requires very fluid inks with a solvent content ranging from 50
to 85 volume percent or higher. The solvent is evaporated in low-temperature
dryers, 38 to 93°C. Dryers may be of the steam drum type or may be heated
indirectly by steam or hot air. (See Figure 2.) (6)

1.2.2 Ink Materials

Printing inks are composed of the same type of ingredients as surface

coatings: solids, VOC, negligibly photochemically reactive (exempt) solvent,
“and water. Of course, they are tailored to have different properties than
coatings. The solids contained in an ink consist of pigments, resins, and
other materials that influence the consistency of the ink. In addition to
regulatory limitations required by EPA, OSHA, FDA, and USDA, the specifications
for an ink are governed by a number of considerations such as: printing
processes and methods; kind of press; paper or other substrate; drying process;
desired finish: matte, gloss, etc.; end use of the printed product; color;
fabrication method to which the printed stock will be subjected; and sequence
of ink application in multicolor printing. (7)

The VOC content of inks varies widely. Flexographic and gravure inks
contain 50 to 85 volume percent VOC and dry by solvent evaporation. Water-
borne inks contain a volatile mixture that is water plus 5 to 30 volume percent
VOC. (8) Same water-borne inks recently developed do not contain any Voc.
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The following solvents are representative of those used in printing inks,
usually in cambinations: (10)

" Toluene Ethanol

Xylene Butanol

Heptane Glycols

Isooctane Glycol ether esters
Mineral Spirits Glycol esters
Naphtha Acetone

Hexane : Methyl ethyl ketone
Propanol Isopropyl acetate
Isopropanol Normal propyl acetate
Methanol Ethyl acetate

A volatile organic compourd is defined in 40 CFR Subpart A, General
Provisions, §60.2, as any organic compound which participates in atmospheric
photochemical reactions; or which is measured by a reference methed, an

" equivalent method, or an alternative method; or which is determined by
~ procedures specified under any subpart. Negligibly photochemically reactive
solvents are used in inks to decrease drying time yet they do not contribute
to the total VOC emissions tally. These materials should not be counted as
.VOCs if they are "exempt" from the applicable regulation. The method for
discounting these materials is described in Appendix A. The EPA considers the.
following organic solvents to have negligible photochemical reactivity, and
therefore does not consider them to be VOCs.
Methane*
Ethane*
1,1,1-trichloroethane (methyl chloroform)*
Methylene chloride**
Trichlorofluorcmethane (CFC-11)***
Dichlorodiflucramethane (CFC-12) ***
Chlorodifluoromethane (CFC-22) ***
Trifluorcmethane (CFC-23)*%*
Trichlorotriflucroethane (CFC-113)%*

Dichlorotetrafluorcethane (CFC-114)***
Chloropentafluorcethane (CFC-115) ***

Many states also do not consider some or all of these materials to be VOCs. (11)
* 42 FR 35314, July 8, 1977

*%* 45 FR 32042, June 4, 1979
*%*%45 FR 48941, July 22, 1980



1.3 EMISSIONS

Graphic arts cperations are significant volatile organic compound (VOC)
emission sources. Most inks contain VOCs which evaporate during the ink
application and curing processes, rather than becoming part of the dry film.
An EPA study states that the majority of VOC emissions from the flexographic
printing industry are produced by large facilities, each emitting more than
1,000 tons per year of VOCs.(12) This study did not include the publication
rotogravure industry, but the data listed below are considered to be represen-
tative of the regulated graphic arts industries since most publication
rotogravure facilities ‘also emit more than 1,000 tons per year. (13)

Facilities with total voc _ Percent of total

emissions less than industry VOC emissions
50 tons per year <1.0

125 tons per year <2.7
250 tons per year <7.6

Although the industry is quite diverse with many small facilities, the
regulated industries consist of several hundred large sources.

. The VOC emission points in graphic arts sources are the printing unit
where ink application and dilution solvent addition occur, the ovens where
solvent evaporates from the product, and the control device. Régulatory
requirements discussed in the next section limit emissions by specifying the
nonvolatile portion of the ink, the volatile fraction of the ink, or the
overall percent reduction by the control system. '

1.4 REGULATIONS

-The following is a summary' of the RACT regulations which control volatile
organic compound (VOC) emissions from a packaging rotogravure, publication
rotogravure, or flexograrhic printing facility that uses VoC-containing ink
ard emits a combined weight of VOCs greater than or equal to 100 tons per year.
The applicability cutoff of 100 tons per year is based upon either historical
ink and VOC use or annual potential emissions, depending on the applicable
regulations. Differences exist from state to state. The regulations are
enforced on an ink-by-ink basis when add-on controls are not used or process



line basis if add-on controls are used unless the facility complies through a
bubble as defined in a specific SIP. Generally, the regulated facility may not
operate unless:

1. A carbon adsorption or incineration system is cperated to reduce

the volatile organic compound emissions from an effective

capture system by at least 90 percent. The capture system must
ensure an overall reduction in volatile organic campound emissions of
at least the following percentages:

a. 75 percent for a publication rotogravure process:
b. 65 percent for a packaging rotogravure process;
C. 60 percent for a flexographic printing process; or

2. The volatile fraction of the ink, as it is applied to the
substrate, contains 25 percent by volume or less of VOC and 75
percent by volume or more of water; or

3. The ink as it is applied to the substrate, less water, contains
60 percent by volume or more of nonvolatile material. (14)

4.  The EPA has recently developed an equivalent alternate com—
pliance method for flexographic and packaging rotogravure
printing industries only. A SIP revision is required to use
this method. Please see Section 4 for more information.

Please note the following regarding Number 3 listed above. _Whiie the
‘"less water" applies in a majority of states, same SIPs do not include it. The
State SIP should be checked to determine which requirements are applicable for
a specific source. '

Only the compourds listed in Section 1.2.2 and any compounds given the
status of "negligibly photochemically reactive" by the U.S. EPA in a future
Federal Register may be considered as exempt from Federal enforcement of
applicable State SIP VOC regulations. Also, Rule 66 or similar regulations
based on solvent substitution and reactivity should not be referenced for
exempting campourds as per 42 FR 35314, July 8, 1977.(15) For ﬂie purpose of
determining compliance, negligibly photochemically reactive solvents should be
treated just like water. .

There are two graphic arts categories covered by New Source Performance
Standards (NSPS). These are publication rotogravure and flexible vinyl and
urethane coating and printing. The publication rotogravure regulation applies
to printing presses modified or constructed after October 28, 1980. It limits



VOC emissions to 16 percent of the total mass of VOC solvent and water used at
the facility during any one performance averaging period. The water used
includes only that water contained in the water-borne raw inks and related
coatings and the water added for dilution with water-borne ink systems. The
flexible vinyl and urethane coating and printing NSPS regulation applies to
each rotogravure printing line used to print or coat flexible vinyl or urethane
products which was modified or constructed after January 18, 1983. The
standard states that the owner or operator must either use inks with a weighted
average VoC content less than 1.0 kilogram VOC per kilogram ink solids or
reduce VOC emissions to the atmosphere by 85 percent from each affected
facility. (16)

In addition to the capture and control system option, emissions from
flexographic and rotogravure presses may be reduced by reformulation. Water-
borne inks contain about 75 percent less VoC than conventional inks. (This
_mnnbercanvaxyfrcmGStolOOpercent) ’Ihesewater—bornemksareused ~
extensively in printing corrugated paperboard for containers or multi-walled
bags and other packaging materials made of paper. - Only a limited amount of
water-borne ink can be put on thin stock before the paper will be seriously
weakened. Some printing systems may be able to use water-borne inks for
camplete coverage but still require some solvent-borne inks for prmtmg
smaller designs which partially cover the web. In camplete coverage, large
areas of a given color are applied; however, in partial coverage a thin strip
of a given color is applied and more precision is required. High solids inks
have met with little success in rotogravure and flexographic printing due to
the design of the process. However, research is being conducted in the
development of a high solids ink which is compatible with existing equip-
ment. (17)

1.5 CALCULATIONS

The remaining sections in this document present sample calculations
typical of those used to determine compliance or to evaluate control strategi-
es. These step-by-step calculations are accompanied by explanations that
are useful to persons familiar with graphic arts operations. Basic



calculations are included along with a variety of more complex problems to
demonstrate emission calculations for different scenarios.

The basis for most of the sample calculations is the information and
procedures discussed in Procedure for Certifyi tity of Volatile O ic
Compounds Fmitted by Paint, Ink, and Other Coatings, EPA-450/3-84-019, December
1984, which is reprinted as Apperdix A of this report and referred to as the
"VOC Data Sheets". On June 19, 1985, two pages, III-4 and IIT-9, were revised
and issued. The first VOC Data Sheet provides information on the VOCs present
in a coating or ink when it is sold by the manufacturer to the coater or
printer. This is referred to as the VOC content of the coating "as supplied
by the coating marufacturer to the user." The second VOC Data Sheet provides
information on the WCs present in the coating or ink as it is used by the
coater or printer and includes the effect of dilution solvent added before
application. This is referred to as the VOC content of .the coating "as '
applied to the substrate by the user." The calculations in this-document
assume that the inspector has cbtained the ink data from the VOC Data Sheets or
an EPA Reference Method 24 or 24A test as appropriate. It is up to the _
inspector to verify data. EPA Reference Method 24A is applicable to publica-
tion rotogravure inks only. Reference Method 24 data is acceptable for all
other inks. However, the appropriate SIP should be checked to verify which
test method is requ:l.red Appendix B contains a copy of Reference Methods 24
and 24A. ’ :

To comply with the VOC regulations, a printer might elect to reformulate
to a low VOC content ink or to use add-on controls such as incineration or
carbon adsorption. WOC compliance or non-compliance can be established through-
calculations based on either the efficiency of the control system or the -
composition of the ink. For example, in cases where compliance is achieved by
use of water-borne or high solids ink, compliance can be determined through
calculations based on analysis of the ink and formulation data. When add-cn
controls are used, more complex stack and capture tests and calculations can be
performed to determine the effectiveness of the control system.

In both flexographic and rotogravure printing, VOC may be introduced to
the system in the ink (either in the ink as supplied, as a diluent, or to
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make-up for evaporative losses) and as a cleaning agent.(18) WVOC introduced as
a cleaning agent is not normally included in the total VOC emissions tally.
However, sometimes cleaning solvent is included when the facility complies with
the regulations through alternate means (e.g., a bubble). To reduce emissions,
a capture system and a control device may be used. The two add-on control
systems used primarily on flexographic and rotogravure printing are carben
adsorption and incineration.(19) Condensation, a third add-on control, is also
used but this method is not as effective in reducing emissions. With carbon
adsorption, VOCs which are water miscible must be separated from the water,
usually by distillation. Plants that use incineration as a control method
attempt to minimize the expense by recovering as much of the heat as practical
for use elsewhere in the plant such as drying ovens.

Two compounds, 1,1,1-trichloroethane and methylene chloride, are used as
solvents in some inks but are considered negligibly reactive by EPA and are
exempt from regulation in most SIPs. The method for discounting these
materials is described in socme of the examples ard in Apperdix A. Generally,
these materials, when "exempt" from the applicable regulation, are treated in
the same manner as water in emission calculations. (20)

The overall efficiency of the control system is a product of the capture
system efficiency and the control device éfficie.ncy. It is more difficult to
capture VOC emissions from a flexographic press than a rotogravure press due to
the construction design of flexographic presses. Flexographic printing units
and dxyexs are mounted compactly such that effective hooding and ducting are
difficult to construct without resorting to a total enclosure. Rotogravure
printing units and dryers are mounted such that hoods and ducts can be
constructed. VOCs which are captured may be routed to the control device.

VOCs which are not captured can be emitted as fugitive e1n15510ns, retained in
the product, or disposed. If waste VOCs are improperly disposed of, they can
be emitted as fugitive emissions. WvoC initially retained in the product
usually is released over time and therefore, is considered an emission in
compliance calculations. .

The following sections contain sample calculations. Section 3 contains
three basic calculations. The purpose of these problems is to familiarize the
reader with the regulatory requirements by determining the compliance status of

11



the inks. Section 4 includes three control strategy calculations. One
campliance option is to use add-on control systems. These prcblems present
various VOC control strategies and demonstrate how to calculate emissions to
determine compliance. Section 5 presents three 'ccmpliance determination
calculations. Examples 2 and 3 are more difficult than the basic and control
strategy calculations because they incorporate multiple printing lines and a
variety of compliance techniques. Section 6 contains two camplex calculations.
These problems incorporate multiple lines, inks, add-on controls, complying
inks, and noncomplying inks. All factors must be considered and a series of
calculations must be completed. The sections progress from simple to complex
so the reader can master the basics and then progress to more difficult
scenarios. |
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SECTION 2
BASIC DATA CONSIDERATIONS

Before doing any calculations, it is appropriate to consider the data
needed to perform these calculations and their availability. The graphic arts
standard' in the applicable SIP should be considered first to confirm the |
applicability and specific requirements of the standard. Compliance require-
ments vary depending on the control strategy being implemented.

If add-on controls are used, compliance must usually be based on a stack
test and a capture efficiency test on each affected line. The control device
efficiency determined by the stack test multiplied by the capture efficiency
equals the overall efficiency of the control system. In most cases, this
r&ultcanbeccmpareddirectlytomestandardwhimisexpressedasan
.overall efficiency. Once a source demonstrates campliance in this manner,
campliance is checked by monitoring the bperating conditions of the control
system to ensure they are consistent with those recorded during the compliance - .
test. If there is a significant change in these conditions or the plant's '
method of operation, or if the integrity of the control system is in'question,
the.source should be retested to confirm compliance under the new operating
corditions. Where the control device is a carbon adsorption system, compliance
may be demonstrated by conducting a liquid material balance (total VoC used
versus total VOC recovered). Compliance can usually be checked by reviewing
- plant records over some convenient period of time, preferably coinciding with a
line (or plant if appropriate) shutdown (e.g., on a weekend) or process
turnaround. This avoids problems associated with determining the amount of
material (VOC) in process, since the amount of ink in fountains and reservoirs
on a press is difficult to measure. The carbon adsorber should also be
regenerated to assure that all adsorbed VOC has been desorbed and transferred
to the recovery tank and is not in the carbon bed where it can not be measured.

If add-on controls are not used, the inks used must comply with either the
water-borne or high solids standard. Since the high solids standard is usually
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expressed as the volume percent solids in the ink less water, a water-borne ink
which does not camply with the water-borne standard must also be evaluated with
regard to the high solids standard. '

Most SIP's high solids and water-borne ink standards are based on the
condition of the ink as it is applied to the substrate. The best way to
determine campliance with such standards is to use the results of a Reference
Method 24 (RM-24) or 24A analys:.s of the ink taken from the press fountain or .
reservoir ard additional ink and dilution solvent formlation information.

Most of the information needed to determine campliance can be foundb on the "as
applied" VOC data sheet. These data include the volume percent solids, volume
percent water, density of the ink and weight fraction VOC. The volume percent
solids of the as applied ink can be calculated (see equations III-6, ITI-7,
I11-8, and III-12 in Appendix A), but the density and volume percent solids of
the as supplied ink and the density of the dilution solvent must be known to do
these calculations. This information-is available on either the "as supplied"
or "as applied" VOC data sheets. If the data sheets are not used, the
inspector may have to perform these calculations. In cases where additional
VOC is added during a press run to make up for evaporative losses which occur
at the press fountain or reservoir, then a different result may be cbtained if
the calculations are done using RM-24 (or 24A) analysis of the as supplied ink
ard records of all dilution and make-up solvent added during a press run. The
method which should be used will depend on the specific SIP requirement. If
the standard is based on the ink as applied, the as applied analysis is
appropriate. If the standard requires that accumilated additions be con-
sidered, as supplied data and dilution records must be used.

If the applicable SIP standard requires that all solvent additions
(dilution and make-up solvent) be considered, the "as supplied" data sheet and
plant records must be used. The procedure for calculating the volume of solids
applied for an ink "as applied" standard does not apply since that calculation
does not fully account for make-up solvent. If plant records are not adequate
to document all solvent additions, steps must be taken to correct this problem
before a compliance determination can be made.

The volume percent of VOC is also needed but is not stated on the VOC data
sheets, nor is it determined by RM-24 (or 24A) analysis. The weight percent
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VOC is stated. To convert the weight percent to volume percent, the density of
the VOC must be determined. If a sample of just the solvent or solvent blend
in the ink as applied can be cbtained, then a density can be determined
analytically via ASTM D1475. If this is not possible or practical, an average
density can be estimated from formulation data using equations III-2 and ITI-3
in Appendix A. Note that these equations, as stated in the apperdix, are used
to calculate the density of only the dilution solvent. To perform the
calculation suggested here, the values for each VOC used for dilution (to make-
up for evaporation losses) and in the as supplied ink formulation must be
included. If available data is not sufficient to perform this calculation, it
is suggested that the density of the dilution solvent (VOC portion only) be
used as a representative density. This value is stated on the "as applied" VOC
data sheet.

In most instances, only RM-24 (or. 247) analysis results for an ink sample
taken from the press "as applied" are available. To estimate the ink paramet-
ers needed to determine compliance, the volume of solids is often calculated by
assuming that volumes are additive. This method is often called "back
calculating”" volume of solids. It introduces a potential error into ,‘Vche
calculation since volumes are not truly additive. As a result, the volume of
. solids may be understated. This method should only be used if all other
methods are not implementable. To perform the calculation, some VOC formula—
tion data must be provided by the source to determine the density of the VoC.
As noted before, this density is needed to convert the weight percent voc
result from RM-24 (or 24A) to a volume percent. Once the volume percent of
each camponent other than solids is known (i.e., VOC, water and exempt
solvent), the volume of solids is calculated by subtracting the sum of all
other components (volume percent) from 100 percent The result is the volume
percent solids based on the assumption that volumes are additive.

Caution must be exercised when results calculated in this manner are used
to determine compliance. To compensate scmewhat for the error introduced by
the assumption, it is suggested that the highest density indicated for any voc
present in the ink be used to calculate the volume of solids. This would
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result in a minimm calculated value for VOC and a maximum calculated value for
volume of solids. Therefore, the results would tend to give the best possible
situation for the source to demonstrate compliance. '

The validity and accuracy of campliance calculations are always enhanced
if good cperatlng data and material-use records are available. This is
especially true for graphic arts sources. The regulatory agency should take
steps to assure that records are generated and maintained by a source and that
these records are adequate to determine campliance with the SIP standard.
Where non-compliance is evident by the back calculation method, but existing
records are less than adequate for a more canprehensive evaluation, the source,
at a minimm, should be required to maintain the necessary records for a
specific period of time to confirm its compliance status.

One last point must be considered before proceeding with the calculations.
The terms "VOC" and "solvent" have been used rather indiscriminately in the
past. An effort has been made to correct for this but problems are still
evident. The term VOC as defined by EPA (see page 6) would include most
organic solvents, but is not limited to just organic solvents. In practice,
RM-24 (or 24A) test results may actually define VOC; that is organic compounds
which volatilize under test conditions are VOCs. Virtually all organic
solvents would volatilize under test conditions. However, other organic
compourds, which are not solvents by definition, and products of chemical
reactions taking place at test conditions may also contribute to the amount of
VOG- determined by the test. | |

The terms "dilution solvent" and "make-up solvent" are used in this text
to be consistent with terms used by the industry. For the most part, the VoCs
used for these purposes arebemg used as solvents. However, when considering
formilation data, be aware that the sum of all the components called "solvents"
may not actually be the total amount of VOC present or that would be determined
by an appropriate test.
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SECTION 3
BASTC REFORMUTATION CALCULATIONS

The purpose of this section is to familiarize the reader with the
regulations by presenting three basic examples. The examples show how to

determine the volume of VOC and water in the volatile portion of the ink and
volume of solids in the ink to check for camplying ink formulations. Example 1
presents ink data for a packaging rotogravure printer. The problem states the

applicable regulation and asks if the plant is in compliance. Example 2

presents ink data for a flexographic printer. The printer's ink, less water,
must contain 60 percent by volume or more of nonvolatile material. The problem
asks if the printer is in compliance with the regulation. Example 3 presents

ink data for a puﬁlication rotogravure printer. The problem asks how the
printer can camply with the regulations. '
Example 1 -

A packaging rotegravure printing plant uses cne ink whose composition as
applied in volume percent from Method 24 testing, manufacturer's data and
calculations from the' VOC Data Sheets (See Appendix A) is 10 percent non-
volatiles, 20 percent VOC and 70 percent water. The press that uses this
ink is uncontrolled. Is it in compliance? : '

The regulation states that a packaging rotogravure printing operation
must reduce VOC emissions by 65 percent or use an ink which contains,
less water, 60 percent by volume or more of nonvolatile material or
use an ink whose volatile fraction contains 25 percent by volume or
less of VOC-solvent and 75 percent. by volume or more of water.

The volume percent of nonvolatile material less water is

10% nonvolatiles _
100% ink - 70% water X 100 = 33%

Since the nonvolatile material does not exceed 60 percent by volume,
less water, and the press is uncontrolled, check to see if the plant -
complies with the third part of the regulation.

The volume percent of VOC in the volatile fraction of the ink is
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20% VoC
20% VOC + 70% water

The volume percent of water in the volatile fraction of the ink can
be calculated by either of the following two ways:

X 100 = 22.2%.

70% water
20% VOC + 70% water

X 100 = 77.8%

or
100% - 22.2% = 77.8%.

Therefore, the press is in compllance with the third part of the
regulation.

Note: Data provided from the reference test methods include
the following "as applied" data: the ink density
(Dj)a, weight fraction of total volatiles (W), and
welght fraction of water (W,);. Manufacturer's
formulation data includes volume percent of each non-
volatile component [(Vn)s ], and name and either the

mass or volume of each VOC present. The source provides
the density of the dilution solvent. From this data, the
following may be calculated (as per Appendix A):
Volume percent water
(Vw)a = (Ww)a (Di)a
where D, = 8.33 lbs/gal
Weight percent volatile organics
(wo)a (Wv)a - (Wy)a a
Note: if W, =0, then Wy = W,

Volume percent nonvolatiles (solids) "as supplied"
P
(Vn)s =.2 (Vn) s,
i=1 1

where (Vp) s,iis supplied by the manufacturer

and p is equal to the number of norvolatile
camponents in the ink.

Volume percent nonvolatiles (solids) "as applied"
20



(n)a = 25

Where Rd = the volume of VOC added per unit of ink "as supplied". 1In
the absence of adequate dilution records, Rd can be calculated from
entries on the VOC data sheets, see Page IIT-7, Appendix A for
additional information.

Density of VOC "as applied"

100%
(Do)a m Wj
=1 By
or
= 1 m <. .
(Do)a To0s £ 3 D
=1

Where Dj, wj, and Vs dencte the density, weight percent and volL.mle
percent”of &ach Vocj(including dilution VOC) in the ink as applied
and 'm' is the number of VOCs present.

Volume percent VOC "as .applied"

(Wo)a (D3)a

(Do) a

‘ (Vo)a =

A flexographic printer uses an ink that has the following composition in
weight percent: nonvolatile material 79.3% and VOC 20.7%. The camposi-
tions were cbtained during Method 24 testing. The ink density is 11.0
pourds per gallon, and the VOC density is 6.0 pounds per-gallon (from
formulation data). Is the ink in campliance with a regulation that
stipulates use of an ink which contains 60 percent by volume or more of
nonvolatile material?

Since the information needed to calculate volume of solids using
equation III-12 on page III-8 of Appendix A is not available, volume
of solids is back calculated in this example from VOC content and VOC

density. This calculation assumes that the VOC and solids volumes
are additive (see Page 17). -
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The volume of VOC in one gallon of ink is

11.01binkx0.207leOCxlg§1VOC = 0.38 gal VoC
1 gal ink 1 1b ink 6.0 1b VOC 1 gal ink

The volume percent of nonvolatile material in one gallon of ink is
(1 - 0.38) x 100 = 62%.
Therefore, the ink is in campliance.

Exanple 3 -

A publication rotogravure printer uses an ink that is 80 percent VoC
and 20 percent pigments and other ‘nonvolatiles (compositions are in
weight percent). The ink has a density of 7.2 pounds per gallon.

. 'The VOC density is 6.5 pounds per gallon. All data were cbtained
through Method 24A analyses of the ink as applied except that the VOC
density was computed from formulation data. How can this plant
camply with the regulation for publication rotogravure facilities?

First, check to see if the ink meets the high solids criterium for
camplying inks assuming that volumes are additive.

The volume of VOC in one galloh of ink is:

7.2 1b ink 0.8 lbVoc _ 1gal VoC _ 0.886 gal VOC
lgal ink © 11lbink ~ 6.51bVoC  1gal ink

The volume of solids in one gallon of ink is

1 - 0.886 gal VoC _ 0.114 gal solids
1 gal ink 1 gal ink

Since the volume of solids of the ink as applied is significantly less
than 60 percent by volume, the plant must install a capture and control
system to reduce overall VOC emissions by at least 75 percent. If the .
volume of solids applied calculation had resulted in a value which
approached the 60 percent level, it would have been advisable to seek
additional information about the ink and perform a more exact calculation
using equation III-12 on page III-8 of Appendix A.
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SECTION 4
CONTROL COMPLIANCE CALCULATIONS

The two problems in this section demonstrate VOC. control strategies and
how to calculate emissions to determine campliance. Example 1 presents a
flexographic printer which uses a solvent-based ink. Ink data and the yearly
ink use rate are given. The plant uses add-on controls to control VOC
emissions. The problem asks what the plant's uncontrolled VOC emissions were
last year and if the plant met RACT, what were its controlled VOC emissions.
Example 2 presents a publication rotogravure plant which uses different inks on
its two printing lines. Data and ink use rate for each ink are provided. Two
add-on control systems are being evaluated. Efficiencies for the control
devices are given. The problem asks the reader to calculate what the efficien~-
cies of the capture systems must be to achieve a VOC emission reduction of 75
percent. The problem also asks what the annual uncontrolled emissions and
anrual allowable emissions with the add-on control systems are from each press
if the overall reduction is exactly 75 percent. Unless otherwise indicated,
all solvents are considered to be VOCs.
Example 1 - '

A plant uses a flexographic printing ink that is 80 percent by weight
isopropanol and 20 percent by weight pigments and other nonvolatiles as
applied. The ink density is 7.44 pounds per gallon. last year, the plant
used 10,000 S55-gallon drums of ink. A performance test on the plant's
emission control system showed a 75 percent efficiency for the capture
system for each line and a 90 percent efficiency for the control device.
What were the plant's potential (before control) VOC emissions last year?
If the requirement is to control at least 60 percent of the VOC emissions
on a line by line basis, is the plant in compliance? What would the VOC
emissions have been last year if the plant just met the RACT standard?
What were the actual VOC emissions last year?

The VOC content of each drum is
55 gal irﬂ<x7.44 1b ink 0.8 leOC_327.4 1b voc

drum gal ink X 1b ink drum
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Anmual potential emissions last year were

327.4 b ¥oC ilb e ﬁ‘-g-‘-’;—dm"s = 3,274,000 1b VOC = 1637 Tons VOC

The overall efficiency for each line = (0.75 x 0.90) x 100 = 67.5% which
is greater than 60%. Therefore, each line is in campliance.

With the existing control system, the annual VoC emissions last year were
(3,274,000) x [1 - (0.75 x 0.90)] = 1,064,050 1b VOC = 532 Tons VOC.

If the emission control system had just satisfied the RACT requirement (60
percent overall efficiency), the anmual VOC emissions last year would have
been

(3,274,000 1b VOC) x [1 - 0.60] = 1,309,600 1b VOC = 655 Tons VOC

Example 2 -

A publication rotogravure plant uses different inks on its two printing
presses. Press No. 1l's ink is 85 volume percent VOC and 15 volume per-
cent pigments and cother nonvolatiles as applied. Press No. 1's VOC
density is 6.8 pourds per gallon. Press No. 2's ink is 80 volume percent
VOC and 20 volume percent pigments and other nonvolatiles as applied.
Press No. 2's VOC density is 7.2 pounds per gallon. For the coming year,
the anticipated ink usage is 400,000 gallons for Press No. 1 and 600,000
gallons for Press No. 2.

The campany president is evaluating two add-on control systems for the
presses. For Press No. 1, the control device is guaranteed to be 95
percent efficient. For Press No. 2, the control device is gquaranteed to
be 98 percent efficient. If the plant must achieve a VOC emission
reduction of 75 percent for each press, what efficiencies must the capture
' systems achieve? What are the annual potential (before control) emissions
and the annual actual emissions with the add-on control systems from each
press if the overall reduction is exactly 75 percent and the anticipated
usage is realized.

The emission reduction achieved is the product of the efficiencies of the
capture system and control device. Since the emission reduction must be
75 percent for each press, the capture system efficiencies can be
calculated by dividing 75 percent by the control device efficiencies.

For Press No. 1, the capture system efficiency must be at least:

75%
= 2
95% x 100 78.95%
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For Press No. 2, the capture system efficiency must be at least

75%
98%

X 100 = 76.53%

The potential anmual VOC emissions from each press are

Press No. 1
0.85 gal VoC _ 6.8 1b VOC . 400,000 gal ink _ 2,312,000 1b VOC
1 gal ink 1gal voc © yr
_ 1,156 Tons voc
yr
Press No. 2
0.80 gal Vo€ 7.2 1b VOC _ 600,000 gal ink _ 3,456,000 lb VOC
1 gal ink : 1 gal voC yr yr
1,728 Tons VOC
yr

The actual annmual VOC emissions from each press would be
Press No. 1

‘2,-312,000' 1b vVoc 578,000 1b VOC 289 Tons VOC
X (1 -=0.75) = F————= z &= _xx
yr ( ) yr yr

Press No. 2

3,456,000 1b vOoC 864,000 1b VoC 432 Tons VOC .
X (1 -0.75) = = ==
yr ( ) yr yr

25



SECTICN 5

FORMULATTON AND CONTROL CCMPLIANCE CALCUIATIONS

This section provides four examples which demonstrate how to determine
whether a printer is in compliance with the regulations. Example 1 presents
ink data for a packaging rotogravure printer. Ink data are given which

describe a higher solids ink that the printer is using. The problem asks if
" the printer is in compliance with a regulation that requires the ink as it is
applied to the substrate, less water, to contain 60 percent by volume or more
of norvolatile material. Example 2 provides ink data and the daily ink use
rate for a graphic arts facility. The problem states that two VOC control
strategies are being evaluated. The reader is asked to calculate the daily
emissions for each control cption. Example 3 presents data for a flexcgraphic
printing plant. The facility bubbles emissions from its nine printing lines
based on a SIP revision. 'Ihe.regtuations require a 60 percent emission
reduction. The plant uses add-on controls on ‘selected printing lines teo
control VOC emissions. The ocbject is to see if the actual emissions are less
than or equal to the allowable emissions. The uncontrolled and actual
emissions are calculated for the plant on a per-line basis and the compliance
status is determined. Example 4 presents data for a packaging rotogravure
plant. Dilution solvent is used at this plant. The facility bubbles its.
emissions based on a SIP revision. The plant uses refrigeration condensers to
recover VOCs. The plant must meet RACT requirements which require overall voc
control of 65 percent. The cbject is to determine the solvent recovery
necessary by the control system. Note that Method 24 is the regulatory test
for determining the VOC content of inks. Formulation data may not be suffi-
cient to determine compliance because of VOC additions and fugitive losses at
the press. Therefore, the percent fractions of VOC and water in the press-
ready ink could change. Unless otherwise indicated, all solvents are con-
sidered to be VOCs.



Example 1 -

An inspector visits a packaging rotogravure printer to obtain information
for a file update. The printer has recently switched to a high solids
ink. The printer gives the inspector an ink analysis sheet with the
following information that is based on Reference Method 24 and data
supplied by the manufacturer: -

BILACK INK IoT 270A

Pigments and other nonvolatiles 60% by volume
supplied = (V) g

voc + 30% by weight

Water 10% by weight

Ink density - supplied = (Dj)g 9.3 1lb/gallon

Ink density - applied = (Dj), 8.52 1b/gallon

Dilution solvent density (from
formulation data) = Dg (90% VoC,
10% Hy0 by volume) 6.7 1lb/gallon

Is the printer in campliance with a regulation that requires the ink
as it is applied to the substrate, less water, to contain 60 percent
by volume or more of nonvolatile material?

To calculate the volume of solids as applied, we must calculate the
volume of photochemically reactive organic solvent (VOC) added per
unit volume of "as supplied" ink (Rj). Sihce the dilution solvent
contains water, this is a two step process. First we must calculate
the volume of premixed water and VOC added per unit volume of coating
"ag supplied" (Rd+) . :

+ _ (Dy)g - (Dj)a _ 9.3 -8.52 _
Rq Opa =03 - " ssz=eq ~ 043

" Then we can calculate Ry as follows (Note: (V,)q = Volume percent
water in dilution solvent)

Rq = Rq" [1'](_—3%%3]=0.43 [’1-%]=o.39

Now we can calculate the volume of solids as applied, (Vn)a as
follows

= Mg o 60% = g
a= 138 = T+om =42
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Example 2 -

A flexographic printing facility uses a printing ink that is 80 weight .
percent VOC and 20 weight percent solids. The ink density is 7.6 pounds
per gallon. The daily ink use is 900 gallons. The plant cperates

two eight-hour shifts with 25 percent press ocutage due to set-up and
clean-up time.

The company president is evaluating two VOC control strategies. Option
No. 1 involves adding a carbon adsorber to recover solvent. The plant
must reduce VOC emissions by at least 60 percent. Option No. 2 involves
switching to a waterbase ink; the ink supplier indicates that the
camposition by volume as applied will be 20 percent VOC, 20 percent
solids, and 60 percent water. The density of the VOC in this ink is 6.6
pourds per gallon. This waterbase ink will meet the standard. The ink
use rate and press outage are the same as for the high WOC content ink. -

What are the daily emissions for each option?
For Option No. 1, the emission reduction must be at least 60 percent.

Daily uncontrolled emissions for this option are

900g§_linkx7.6lb;$' x 0.8 1b VOC - 5,472 1b VOC
day 1 gal ink 1 1b ink day

The daily emissions with controls are

5,472 1b VoC _ _ 2,189 1b voC
e X (1.0 - 0.6) ay

For Option No. 2, the daily emissions are

900 gal ink 2 gal voc 6.6 1b Voc _ 1,188 1b VoC
day 1ga11.nk 1 gal voC day
Example 3 -

A job-shop flexographic printing plant has nine printing lines. The
regulations allow the fac:.llty to bukble the nine printing lines through
an EPA approved SIP revision. To camply with the regulations, a 60
pex'centemlsslonreductlonlsreqtured Emissions from Line Nos. 3, 4, 5,
and 6 are controlled by an incinerator whose VOC destruction eff1c1ency at
the time of its last performance test was 95 percent. A material balance
arourd the ventilation system for these four lines during the performance
test showed that 75 percent of the solvent emissions were captured by the
ventilation system for each of these lines. The inspector verifies that
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the incinerator operating temperature and face velocities of the capture
hoods are the same as during the performance test so he assumes that the
capture and control efficiencies are unchanged. Emissions from Line

Nos. 7 and 8 are ducted to a common carbon adsorber whose overall control -
efficiency measured at the last performance test was 62 percent for each
line. '

Thinning solvent is used on all lines at a rate of 10 volume percent of
the ink use rate per day. The thinning solvent density is 6.6 1b per
gallon. The plant's ink formulations, ink application rates, and thinning
solvent use rates for one 24-hour period are shown in the following table.

As supplied
ink formulations
’ Undiluted
voc Volume |Volume ink solvent
Printing | density, |percent |percent | application | use rate,
line - | 1lb/gal solids voc rate, gal/day| gal/day
1 6.2 20.0 80.0 75 7.5
2 6.2 20.0 80.0 37.5 3.75
3 6.2 20.0 80.0 90.0 9.0
4 6.2 20.0 80.0 75.0 7.5
S 6.2 20.0 80.0 : 45.0 4.5
6 6.2 20.0 80.0 125.0 12.5
7 6.3 9.0 91.0 70.0 7.0
8 6.3 9.0 91.0 35.0 3.5
9 5.8 10.0 90.0 | 80 8.0

The uncontrolled pourds of VOC emitted per day are equal to the ink
application rate (gal ink per day) times the volume fraction of VOC
in the ink (gal VOC per gal ink) times the ink VOC density (1b VocC
per gal VOC) plus the thinning solvent rate (gal thinning solvent per
day) times the thinning solvent density (1b solvent per gal solvent).

For Line No. 1, the uncontrolled VOC emissions are

75 gal ink . 0.8 gal VoC  8:2 1b VOC § 4
[ day lgal ink * 1 gal VoOC

I:7.5 gal_thinning solvent % 6.6 1b thinning solvent'] -
- day 1 gal thinning solvent

»

372 1b VOC . 49.5 1b VOC _ 421.5 1b VOC
day day day
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For llnes with controls, the actual pounds of VOC emitted per day are
equal to the uncontrolled VOC emissions (1b per day) times one minus the

control system efficiency.
For Line No. 3, the actual pounds of VOC emitted per day are

505.8 1b VOC - _ 145.4 1b voC

For Line Nos. 1, 2, and 9 the actual VOC emissions equal the
uncontrolled VOC emissions because these lines are not controlled.

The uncontrolled and actual VOC emissions for all nine printing lines
are presented in the following table.

Printing Uncontrolled VOC Actual voC

line emissions, 1lb/day emissions, lb/day

1 -421.5 ) 421.5

2 210.8 : 210.8

3 505.8 145.4

4 421.5 121.2

5 . 252.9 ' 72.7

6 702.5 202.0

7 447.5- , 170.1

8 223.8 85.0

9 470.4 470.4
TOTAL 3,656.7 1,899.1

A 60 percent emission reduction is required. Therefore, allowable
VOC emissions are 40 percent of the uncontrolled VOC emissions.

0.4 x 3656.7 lb VOC/day = 1462.7 1b VOC/day.

‘Since the plant emitted 1899.1 lb VOC on this day, it is not in
campliance.

A packaging rotogravure plant uses an ink concentrate (density is 10.8

pov.mds per gallon) that contains 30.55 percent by weight methanol (density
is 6.6 pounds per gallon) and 69.45 percent by weight plgments. The ink
concentrate is used on six printing lines and is diluted prior to use with

iscpropanol or water (1sopropanol density is 6.6 pounds per gallon). A
source specific SIP revision allows this facility to bubble all lines that
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do not use complying inks. The plant ink and solvent usage on one
particular day is as follows: .

Dilution
Ink conc.,| to concentrate Dilution
Line gallons ratio (by vol.) | solvent

1 30 1:1 voc
2 25 1.5:1 Water
3 55 1.5:1 voc
4 20 1:1 Water
5 60 2:1 voC
6 35 0.75:1 voc

Production Lines 1, 3, 5, and 6 are controlled by refrigeration con-

densers. What must the daily solvent recovery be for the plant to meet

RACT requirements (overall reduction in VOCs of 65 percent) if we assume
all solvents are VOCs? ‘

First, calculate the composition of the ink concentrate in volume percent.
VOC volume percent is: :

.3055_1b methanol % 10.8 1bs ink conc. % 1 lon methanol _
1b ink concentrate © 1 gallon ink conc. 6.6 lbs methanol

50 methanol
100 gal ink conc. “F 50 percent.

Zigmsmt volume percent is 50% (as supplied from formulation
ata). _ :

Since 50 percent is less than 60 percent, the ink concentrate does not
meet the high solids ink criteria (ink as applied to the substrate, less
water, must contain 60 percent by volume or more of nonvolatile material).
The addition of dilution solvent or water can not alter this conclusion.
Therefore, all the as used ink does not comply with the high solids
criteria. .

Now, check the ink formulations on Lines 2 and 4 to see if either meets
the criteria for water-borne inks as discussed in Examples 1 and 2 of
Section 2. ' .

ILINE 2

The dilution to concentrate ratio is 1.5 gallons water to 1 gallon ink
concentrate.
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The volume percent VOC is

10.8 1b ink cone. « 9:3055 1b methanol . 1 gal methanol
gal ink conc. 1 1b ink conc. 6.6 1b methanol

_ 0.5 methanol
gal ink conc.

Volatile content = 1.5 gal water + 0.5 gal methanol

2.0 gal
The VOC content of the volatile portion is

0.5 gal voc
2.0 gal volatile material

= 0,25
This is a camplying water-based ink. The VOC from this ink is therefore
exempt from the 65 percent control requirement.

=12.5g§_lVOC 6.6 1b VOC _ 82.5 1b VOC
VOC exempt day X gal voc - —__day
LINE 4

The dilution to concentrate ratio is 1 gallon water to 1 gallon ink
concentrate. From Line 2, we know that there is 0.5 gallon methanol per
one gallon of ink concentrate.

Volatile content = 1.0 gal water + 0.5 gal methanol = 1.5 gal -

VOC content of volatile portion is

0.5 gal voc = 0.33
1.5 gal volatile material *

The VOC content of the volatile portion of the water-borne ink must not
exceed 25 percent to comply with the regulations. Therefore, Line 4 is
not in campliance with the regulations.

-Then, calculate the gallons of VOC used per line that contribute to

~ the baseline uncontrolled VOC emissicns, i.e., Lines 1, 3, 4, 5, and
6:
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VOC from ink| Dilution| Total,
Line conc., gal | Voc, gal| gal

1 15 30 45
3 27.5 82.5 110
4 10 -0 10
5 30 120 150
6 17.5 26.25 43.75
358.75

The daily uncontrolled emissions by weight that are subject to the control

requirement are
6.6 1b VOoC

358.75 gal VoC x lgal—voc = 2367.75 1b voc

The daily solvent recovery by refrigeration must be:

2367.75 1b x 0.65 = 1539 1lb VOC.
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SECTION 6
OOMPLEX CALCULATIONS

This section includes two problems which demonstrate complex situations.
To solve these problems, several factors must be considered and a series of
calculations must be completed. Example 1 presents a packaging rotogravure
printer which uses five inks on four presses. The inks are used in different
proportions on each press. The problem incorporates a variety of compliance
methods. The problem asks if the plant is in compliance with a source specific
SIP revision allowing a daily bubble calculation and a VOC emission reduction
requirement of 65 percent from noncomplying inks. Example 2 presents a
publication rotogravure facility which uses variocus inks on three presses. Ink
data are provided. The problem asks if the plant is in compliance with the
state SIP that allows a daily bubble calculation and a VOC emission reduction
requirement of 75 percent fram noncomplying inks. Unless otherwise indicated,
all solvents are considered to be VOCs. : :
Example 1 -

A packaging rotogravure printing operation has four presses using the same
five inks, though in different proportions at each press. The density of
water is 8.33 lb/gal. The ink campositions as applied from Reference
Method 24 testing and supplied manufacturers' data are as follows:

Camposition, vol % Ink VOC*

density,| density,
Ink Solids voc Water 1b/gal 1b/gal
A 65.0 35.0 0.0 11.85 6.0
B 20.0 27.0 83.0 9.30 6.5
C 10.0 22.0 68.0 8.60 6.5
D 7.5 90.0 2.5 6.91 6.2
E 10.5 89.5 0.0 6.95 6.0

*From formulation and dilution data for press ready ink.
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In a given 24-hour peried, ink usége for the four presses is as follows:

Ink usage, gallons/day

Press (A |B |c |[D |E
1 10 | 10 | 10 | 10 | 10
2 -| - 5{30] 10
3 5({15|25| -| 5
4 10| s5([10] 5| 5

Presses 1 and 2 are controlled by catalytic afterburners that have a
tested combined capture and destruction efficiency of 80.0 percent for
each line. Presses 3 and 4 are uncontrolled. Is the plant in compliance
with a source specific SIP revision allowing a daily bubble calculation to
determine the difference in allowable versus actual emissions for credit
purposes from complying inks and a VOC emission reduction requirement of

65 percent from noncomplying inks?

Actual VOC emissions must be compared to allowable VOC emissions to
determine compliance. Inks A and C are complying inks; A is a high solids
ink that contains at least 60 percent by volume, less water, nonvolatile
material, and C is a water-borne ink whose volatile fraction is at least
75. percent by volume water and not more than 25 percent by volume VOC. In
calculating the allowable emissions for this source, the VOC emissions
fram inks that exactly meet the high solids and water-borne criteria are
included because the facility receives credit for the difference in
allowable versus total actual emissions according to the SIP.

ACTUAL VOC EMISSIONS

I. Press1l

Ink A

10 gal inkx-0.350ga_lVOCx6.0leOC=21.0leOC
day gal ink gal voc day

Ink B

10 gal ink . 0.270 gal VoC , 6.5 1b VOC _ 17.6 1b VOC
day gal ink gal voc day

Ink C

10g§;i_nkx0.220ga_lVOCx6.5 leOC=l4.3 1b VOoC
day gal ink gal vocC day
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10 gal ink _ 0.900 Voc , 6.2 1b VOC _ 55.8 1b VoC

day X" @l ink X gal voc - day
Ink E
10@mx0.895g_a_l\70Cx6.01bVOC=53.7 1b VoC

day " gal ink gal vocC day

Press 1 is controlled by a catalytic afterburner with an overall control
efficiency of 80 percent. Actual VOC emissions from Press 1 are

[21.0 + 17.6 + 14.3 + 55.8 + 53.7] (1 - 0.80) = 32.5 1b VOC/day.

IT. Press 2
Ink C
5 gal ink . 0.220 gal VOC _ 6.5 1b VOC _ 7.2 1b VOC
day gal ink gal vocC day

day X gal ink xgalVOC = .day
Ik E
IOgQinkxo.895kga_lVOCx6.0leOC=53.7 1b VoC
- day gal ink gal voc day

Press 2 is controlled by a catalytic afterburner with an overall control
efficiency of 80 percent. Actual VOC emissions from Press 2 are

[7.2 + 167.4 + 53.7](1 - 0.80) = 45.7 1b VOC/day.

ITI. Press 3
Ink A
5@im<-x0.350ga_lVOCx6.0leOC___10.SleOC
day gal ink gal voc day
Ink B
ISEinkxO.270ga_lVOCx6.51bVOC=26.3 1b VoC
day gal ink gal vocC day
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Ink C

25ga_linkx0.220 VOCx6.SleOC=35.81bVOC
day gal ink gal vocC day

Ink E

5ga_linkx0.895@VOCx6.0leOC=26.91bVOC
day gal ink gal voc day

Emissions from Press 3 are uncontrolled. Actual VOC emissions are

[10.5 + 26.3 + 35.8 + 26.9] = 99.5 1b VOC/day.

IV. Press 4
Ink A
10 qal inkx0.350ga_lVOCx6.0leOC=21.0leOC
day gal ink gal voc day

day gal ink gal Voc day
Ink C
10 gal ink = 0.220 Voc ., 6.5 1b VOC _ 14.3 1b VOC
day gal ink gal VoC day

day gal ink gal voc day
Ink E
Sﬂinkxo.BQSEVOCXG.OleOC=26.91bVOC

day gal ink gal vocC day

Emissions from Press 4 are uncontrolled. Actual VOC emissions are
[21.0 + 8.8 + 14.3 + 27.9 + 26.9] = 98.9 1b VOC/day.
Actual VOC emissions from all four presseé are

[32.5 + 45.7 + 99.5 + 98.9] = 276.6 1b VoC/day.
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ALIOWABLE VOC EMISSIONS

For this problem, allowable emissions for camplying inks are determined by
~calculating the gallons of ink used per day based on solids volume percent
of the ink and the allowed solids volume percent of the camplying
formulation. By assuming that the VOC densities are the same, the
allowable VOC emissions can be calculated.

I. Press 1

Ink A: This ink is a high solids ink (65 volume percent) with 35
volume percent VOC and no water. A complying ink will
apply the same amount of solids but will contain a solids
volume percent of 60. The gallons of solids applied are

10 gal ink % 0.65 gal sollds 6.5 gal solids
day gal ink day

The amount of ink used with an exactly complying formulation applymg
the same amount of solids would be

6.5 ga_l__sollds 1 gal ink _ 10.83 gal ink
day X 0.60 gal solids ~ day

Assmn.mg the VOC solvent dens:.ty is the same, the allowable voc
emissions are ‘

083g§; 040@1 x6.01bVOC=26.OleO,C
day gal ink galVOC- day

Ink B: This ink is a water-borne ink (53.0 volume percent) with
27.0 volume percent VOC and 20.0 volume percent solids.

Uncontrolled emissions are 17.6 lb VOC/day.

Allowable VOC emissions are (17.6 1b VOC/day) (1 - 0.65) = 6.2 1b
VoC/day.

Ink C: This ink is a water-borne ink (68.0 volume percent) with
22.0 volume percent VOC and 10.0 volume percent solids. A
camplying ink will contain the same volumetric amount of
solids; hence, the amount of ink used is the same.

However, the camplying ink can have a higher VOC content as
follows:

Volatile portion = 1.0 - 0.1 = 0.90

VOC content = 0.25 x 0.90 = 0.225
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III

Assuming the VOC density is the same, the allowable VOC emissions
from the complying ink are

10 aqal inkx 0.225 gal VOCx 6.5 ].bVOC= 14.6 1b VOC
day gal ink gal voC day

Ink D: This ink is a solvent-based ink (90.0 volume percent) with
2.5 volume percent water and 7.5 volume percent solids.

Uncontrolled emissions are 55.8 1b VoC/day.

Allowable emissions are (55.8 1b VOC/day) (1 ~ 0.65) = 19.5 1b
VOC/day.

Ink E: This ink is a solvent-based ink (89.5 volume percent) with
10.5 volume percent solids and no water.

Uncontrolled emissions are 53.7 lb VOC/day.

Allowable emissions are (53.7 1lb VoC/day) (1 - 0.65) = 18.8 1lb
Voc/day. - .

Allowable VOC emissions from Press 1 are (26.0 + 6.2 + 14.6 + 19.5
+ 18.8) = 85.1 lb VOC/day.

Pressz_

IhkC: The amount of ink used is the same, but the VOC content is
higher (22.5 volume percent). Assuming the same VOC
density, the VOC emissions from the complying ink are

5ga_lﬂﬂ<x0.2259a_lVOCx6.SleOC=7.3 1b Voc
day day gal voc day

Ink D
Uncontrolled emissions are 167.4 1lb VOC/day.

Allowable emissions are (167.4 lb VOC/day) (1 - 0.65) = 58.6 1b
VoC/day. ,

Ink E
Uncontrolled emissions are 53.7 1lb VOC/day.

Allowable emissions are (53.7 lb VOC/day) (1 - 0.65) = 18.8 1b
VOC/day.

Allowable VOC emissions from Press 2 are (7.3 + 58.6 + 18.8) =
84.7 1b VOC/day.
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III.

Press 3

Ink A: A camplying ink will apply the same amount of solids but
will contain a solids volume percent of 60. The gallons of
solids applied are

5 cal _ink % 0.65 cal solids _ 3.25 gal solids
day gal ink day

The amount of ink used with a complying formulation is

3.25 qal sollds 1 gal ink @
day X 0.60 gal solids

Assuming the VOC density is the same, the allowable VOC emissions are

5.4 gqal inkx0.40gg;VOCx6.0le0C=13.0leOC
day - gal ink = 7 gal woC day

- Ink B

Uncontrolled emissions are 26.3 1b VOC/day.

Allowable emissions are (26.3 1b VOC/day) (1 - 0.65) = 9.2 1b
VoC/day. ’

Ink C: The amount of ink used is the same, but the VOC content is

higher (22. 5volmnepercem:) Assuming the same VOC
density, the VOC emissions from the camplying ink are

25ga_lir!kx0.225ga_lVOCx6.SleOC=36.61bVOC
day . gal ink gal VocC day

Ink E
Uncontrolled emissions are 26.9 1b VoC/day.

Allowable emissions are (26;9 1b VoC/day) (1 - 0.65) = 9.4 1b
voc/day. )

Allowable VOC emissions from Press 3 are (13.0 + 9.2 + 36.6 + 9.4) =
68.2 1b VOC/day.

Press 4
Ink A: A complying ink will apply the same amount of solids but

will contain a solids volume percent of 60. The gallons of
solids applied are
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10 gal ink X 0.65 gal solids = 6.5 solids
day gal ink day

The amount of complying ink used is

6.5 gal solids __ 1gal ink _ _ 10.83 gal ink
day 0.60 gal solids day

With the same VOC, the allowable VOC emissions are

10.83 gal ink . 0.40 gal VOC _ 6.0 1b VOC _ 26.0 1b VOC
day gal ink gal voc day _

Ink B |

Uncontrolled emissions are 8.8 1lb VOC/day.

Allowable emissions are (8.8 lb VOC/day) (1 - 0.65) = 3.1 1b VoC/day .

Ink C: The amount of ink used is the same, but the VOC content is

higher (22.5 volume percent). Assuming the same VOC
solvent density, the VOC emissions from the camplying ink

are
10g§inkx0.225g§;VOCx6.51bVOC=14.6leOC
day gal ink gal ink - day

‘Ink D
Uncontrolled emissions are 27.9 1b WOC/day.

Allowable emissions are (27.9 lb VOC/day) (1 - 0.65) = 9.8 1b
VOC/day. ' v

Ink E
Uncontrolled emissions are 26.9 1b VOC/day.

Allowable emissions are (26.9 lb VOC/day) (1 - 0.65) = 9.4 1b
VoC/day. : _

Allowable VOC emissions from Press 4 are [26.0 + 3.1 + 14.6 + 9.8 +
9.4] = 62.9 1b VOC/day.

Allowable VOC emissions from all four presses are
(85.1 + 84.7 + 68.2 + 62.9] = 300.9 lb VOC/day.

Compare total actual VOC emissions to total allowable VOC emissions to
determine compliance under the bubble.
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Actual VOC { Allowable VOC
emissions, emissions,
Press 1b/day 1b/day
1 32.5 85.1
2 45.7 84.7
.3 99.5 68.2
4 98.9 62.9
Total 276.6 300.9

Since the total allowable VOC emissions are greater than the total actual
VOC emissions for this day, the plant is in compliance.

A publication rotogravure facility has three presses. One press uses four
high VOC inks and has a carbon adsorber with a tested combined capture and
recovery efficiency of 78.0 percent. A second press uses two water-borne
inks and a high VOC ink. A third press uses five water-borne inks. The
second and third presses are uncontrolled. The volumes of inks used in a
24-hour pericd and the ink compositions from Reference Method 24A testing
and manufacturer's data are as follows:

Amount Camposition, Vol. % Ink Ink VoC
Press used, density,| density,
No. | Iabel |gal/da Solids{ WVoC | Water 1b/gal 1b/gal*
1 A - 20 5.0 | 95.0 0.0 7.21 6.8
B 20 10.0 90.0 0.0 7.98 7.2
C 20 7.0 | 93.0 0.0 7.10 6.5
D 20 8.0 92.0 0.0 7.64 7.0
2 E 40 15.0 17.0 68.0 -8.94 6.0
F 20 10.0 27.0 63.0 . 8.43 6.2
G 20 10.0 90.0 0.0 7.80 7.0
3 H 15 15.0 | 17.0 68.0 8.94 6.0
I 15 15.0 21.0 64.0 8.95 6.5
J 15 10.0 | 22.5 67.5 8.52 6.2
K 15 10.0 18.0 72.0 8.58 6.0
L 15 12.0 15.0 73.0 8.83 6.3

*From formulation and dilution data for press ready ink.
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Is the plant in compliance with the source specific SIP revision that
allows a daily bubble calculation to determine any credit due from the
difference between allowable and actual emissions for camplying inks and a
VOC emission reduction requirement of 75 percent from noncamplying inks?

Actual VOC emissions must be campared to allowable VOC emissions. to
determine compliance. Inks E, H, I, J, K, and L are camplying water-
based inks whose volatile fractions are at least 75 percent by volume
water and not more than 25 percent by volume VOC. In calculating the
allowable emissions, the VOC emissions from inks that meet the water-
based criteria exactly are included so that credit may be given for the
difference in allowable versus total actual emissions.

The calculations of actual and allowable VOC emissions are performed for
Inks A, F, and H to illustrate the procedure.

ACTUAL VOC EMISSIONS

Ink A: Uncontrolled emissions are .
20 gal irﬂcx0.95ga_lVOCx6.8 leOC=129.2 1b voc
day gal ink gal voc day ' .

The emissions are controlled by a carbon adsorber with an overall control
efficiency of 78 percent. Actual emissions are .

129.2 1b VOC _ _ 28.4 1b VOC
By X (1 -0.,78) = Gy

Ink F: Uncontrolled em:.ssmns are

Zoginkxo.27ga_;VOCx6.2 le0C=33.51bVOC
day gal ink gal voc day

Since this press is uncontrolled, actual emissions are 33.5 1b VoC/day.

Ink Ht Uncontrolled emissions are

15 gal inkx0.17 gglVOCXG.OleOC_15.3 1b voc

day gal ink gal voc day
Since this press is uncontrolled, actual emissions are 15.3 1b vVoC/day.
ALILOWABIE VOC EMISSIONS

Ink A: Uncontrolled emissions are 129.2 1b VOC/day. Required control is
75 percent. Allowable emissions are

129.2 1b VOC _ _32.3 1b voc
aay X (1 - 0.75) = ay
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Ink F: Uncontrolled emissions are 33.5 1lb VOC/day. Required control is
75 percent.

Assuming the VOC solvent density is the same for the two inks, the
‘allowable VOC emissions from this ink are

33.5 1b VoC
day

x (1 = 0.75) = 842N

Ink H: A canmplying water-based ink will contain the same volumetric
amount of solids; hence, the amount of ink used remains the
same. However, the camplying ink will have a different
allowable VOC content as follows:

Volatile portion = 1 - 0.15 = 0.85.
VOC content = 0.25 x 0.85 = 0.213.

Assuming the VOC density is the same, the allowable VOC emiséions from the
camplying ink are

15ga__linkx0.213gglVOCx6.0leOC=19.2 1b voc
day gal ink gal voC day

The calculations for all inks are summarized in the following table.
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SECTION 7
ALTERNATE EMISSION LIMIT

The U.S. EPA has developed an alternate emission limit applicable to
flexographic printing and packaging rotogravure printing presses which is

available to graphic arts sources through a SIP revision (See Appendix C).

is particularly useful in emission trading calculations. The alternate

It

emission limit of 0.5 pound of volatile organic campounds (VOC) per pound of
solids in the ink is essentially equivalent to. the RACT limits recommended in

the CIG. The 0.5 lb VOC/1b solids limit includes all VOC added to the ink:
VOC in the purchased_ink,_ VOC added to cut the ink to achieve desired press

viscosity, and VOC added to ink on the press to maintain viscosity during the

press run.
The following three examples show basic procedures for calculating
emissions using this proposed standard.

Exanmple 1 -

A flexographic printer uses one gallon of an ink formulation on a press

with the following characteristics:

total VOC content
- solids content
water content

25 weight percent (includes all additions)
55 weight percent
20 weight percent

Does the printer camply with the 0.5 1b VOC per 1b solids regulation?

1b VOC = 0.25 1b VoC . 0.55 1b solids
1b solids 1b ink ) 1b ink
_ 0.45 1b voC
1b solids

Since 0.45 1b VOC/1b solids is less than 0.5 1b VOC/1b solids, the
printer is in compliance.
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Example 2 -

A packaging rotogravure printer uses an ink formulation on two presses
with the following characteristics per gallon of ink:

Press A
total VOC content of ink = 0.25 1b/1b ink (press ready)
solids content of ink = 0.50 1b/1b ink .
water content of ink = 0.25 1b/1b ink
dilution solvent added = 0.20 lb/lb ink
Press B
total VOC content of ink = 0.15 1b/1b ink
solids content of ink = 0.55 1lb/1b ink
water content of ink = 0.30 1lb/1b ink

solvent added during
press run

0.10 1lb/1b ink

Determine the compliance status of each press. This sinmple example
demonstrates the concept. In a real case, several inks with varying
campositions would be encountered.

Press A

The total amount of VOC used is

0.25 1b VOC/1b ink + 0.20 1b VOC/1b ink = 0.45 1b VOC/1b ink

b voc _ 0.451bVOC_090
1b solids ~ 0.50 1b solids °°

Since 0.90 1b VOC/1b solids is greater than 0.50 1b VOC/1b solids,
Press A is not in campliance.

PréssB
The total amount of VOC used is
0.15 1b VOC/1b ink + 0.10 1b VOG/1b ink = 0.25 1b VoC/1b ink

b voc _ _ 0.25 1b Vo©_ _
1b solids =~ 0.55 1b solids

0.45

Therefore, Press B is in compliance.
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Example 3 -

A flexographic printer cperates four presses. The printer wishes to
conply with the 0.5 1b VOC per 1b solids regulation by bukbling the
plant's emissions on a 24-hour basis. The following table summarizes the
printer's formulations and ink and VOC amounts used on the four presses
for the 24-hour compliance period. The dilution solvents are 100 percent
VOC. Does the printer meet the regulatory emission limit based on a
source specific SIP revision allowing the bubble calculation?

voc Solids Water Ink Dilution | Dilution

content| content| content| quantity| solvent A solvent B

of ink,| of ink,| of ink, used, | addition,| addition,
Press wt. % wt. % wt. % gal gal gal
A 10 70 20 15 - -
B 50 50 - 20 10 0
o 15 25 60 30 5 10
D - 80 20 15 - 5
Total 80 15 15

The following densities apply:

Ink - 7.40 lb/gal
Dilution solvent A - 6.30 lb/gal
Dilution solvent B - 7.10 lb/gal

The first step in solving this problem is to calculate the total amounts of VOC
ard solids used at the facility as follows:

Press A
' OlOleOC 74o .
Total oo = (2055 lbmk)(ngalmk)
= 11.1 1b VoC

Total solids = (220 IRsolids, e 2 k) (15 gal ink)

= 77.7 1b solids
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Press B

(22030 Vo, FA L (20 qal ink)

Total VoC

6.301b VOC )
dilution solvent

+ (10 gal dilution solvent) ( gal

137 1b VoC

ol 0. i 7.40 1b i .
Total solids = (2:22-1b solids, (mlﬂ—k) (20 gal ink)

= 74 1b solids
Press C
_ ,0.15 1b Voc, ,7.40 1b ink ,
Total VoC = = (Tp5==) (ol ik ) (30 gal ink)
' N 6.30 1b VOC
+ (5 gal dilution sqlvent) (gal dilution solvent)
s ' 7.10 1b VoC
+ (10 gal dilution solvent) ( gal dilution solvent)
= 135.8 1b WwoC -
... _ ,0.25 1b solids. ,7.40 1b ink ST
Total solids = ¢ b ink )(galink)(mgaluﬂ{)
= 55.5 1b VOC
Press D
Total voc = (39l dllution solvent) « ;15 1 yoo .
1b solids gal dilution solvent
" = 35.5 1b VOC

0.80 1b solids. .7.40 1b ink .
1b ink ) € gal ink ) (15 gal ink)

Total solids = (

= 88.8 1b solids

Total VOC emitted from the four presses at the facility' during the 24-hour
campliance period is:

11.1 1b + 137 1b + 135.8 1b + 35.5 1lb = 319.4 1b VOC
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Total solids applied on the four presses at ﬂze fac111ty during the 24- ’
hour compliance period are:

77.7 1b + 74 1b + 55.5 1b + 88.8 1b = 296 1b solids
Finally, the pound of VOC per pound of solids is calculated as follows:
1b vVoC = 319.4 1b VoC = 1.08 1b VoC
1b solids 296 1b solids 1b solids

Therefore, the facility does not meet the emission limit by bubbling its
emissions gver a 24-hour compliance period.
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APPENDIX A

PROCEDURES FOR CERTTIFYING QUANTTTY
OF VOLATIIE ORGANIC OOMPOUNDS
 EMITTED BY PAINT,

INK, AND OTHER COATINGS
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PREFACE

This manual was conceived as a way to provide simple step-by-step
instructions for certifying the quantity of volatile organic compounds
(VOC) that will be released by a coating. It has not turned out that
way. The guidance is here, but in spite of great diligence, the
instructions remain imposing.

The manual was prepared for several reasons. First, the coatings
industry, as represented by the National Paint and Coatings Association,
had requested a certification procedure which would relieve their custom-
ers the expense of analysis. Second, the complexity of the calculations
necessary to determine compliance, for example, when dilution solvent is
added to a coating, continue to confound Federal, State and Local enforce-
ment personnel. Finally, results of a recent review of the Agency's
reference method for determining VOC reemphasized the importance of
analytical procedures to verify VOC content.

‘In response to the results of the raview of the test methods, this
manual reaffirms that Reference Method 24 or its constituent methods
developed by the American Society for Testing and Materials (ASTM),
are the procedures by which the VOC content of a coating will be deter-
mined for compliance with Federal regulations. The earliest guidance
was not so specific. In 1977, the first reportl, written to assist
States in developing regulations for sources of VOC emissions, provided
recommendations for the maximum allowable VOC content for complying
coatings in a variety of industries. .These values were expressed in
mass of VOC per unit volume of coating. In deriving the recommended
limitation, the VOC content of a coating was calculated based on the
solids content provided by the coating manufacturer. The Agency calcu-
lated the mass of VOC in the coating by assuming the YOC had a density
of 7.36 pounds per gallon.

Solvent and VOC we-~e used somewhat interchangebly even though it
was recognized that or¢.nics such as resin monomer, oligimers, and
reaction by-products cc 1d be released by a coating during the cure.
There was no accepted an:lytical method available for measuring the
-total VOC which would be rziea.cd by a coating. The initial guidancel
provided an analytical method for use only for air-dry coatings, those
where all VOC emissions would be expected to come as a result of evapor-
-ation of solvent. On a volume basis, air dry coatings constituted the
largest catagory of coatings then in use. ° :

The Agency subsequzntly developed a more general analytical proce-
dure that could be usec %o determine the total VOC in a coating. On
October 3, 1980, the Acancy published "Reference Method 24 (RM-24) -

lcontrol of Volatile Organic Emissions from Stationary Sources -
Volume [I: Surface Caoting of Cans, Coils, Paper, Fabrics, Automobiles,
and Light-duty Trucks, Document No. EPA-450/2-77-008.
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- Determination of Volatile Matter Content, Density, Volume Solids, and
Weight Solids of Surface Coatings," in the Federal Register (45 FR 65958).
For the first time the Agency formally specifieqd an analytical method
for the VYOC content of those coatings that cure by chemical reaction.
Even then, the announcement continued to allow the manufacturer's formu-
lation to be used to calculate the VOC content but specified that the
analytical technique, RM-24, would be the reference in any conflict
between the two.

During 1981 and 1982, as more State and Federal regulations were
established, the demand for low-solvent coatings began a continuing
increase in the sales volume of reaction-cure coatings. There was some
concern voiced by the industry in how appropriate the reference method
was for these type coatings. To find out, the Agency began a review of

. RM-24 to determine the effect of temperature and exposure time on the

indicated VOC "content". It was concluded that the maximum effect of
those time-temperature combinations that were examined amounted to only
about a 10 percent variation. Somewhat more surprising was that the
solvent sometimes accounted for only 50 to 70 percent of the total

VOC measured by the reference method.

The obvious conclusion was that RM-24 is a better measure of the
total organics freed by a coating than is the solvent. This manual
implements a policy based on that conclusion. Certification of VOC
content on the attached Data Sheets must be based on an analysis using
RM-24. No longer will salvent content be permitted as a surrogate for
VOC unless a showing is first made that its use is a reasonable alter-
native or equivalent method of determining the VOC content of that
particular coating. -

One final comment. Since VOC is not always synoncmous with solvent,
it follows that the amount of solids in a coating cannot be obtained by
subtracting the solvent from the total volume of coating. The original
Federal Regist: - proposal for RM-24, published on October 3, 1980, recom-
mended the Amer can Society of Test Materials test Number 02697 as the
appropriate metr.:d or determining solids content. Subsequent comments
fran the industry r:iniained that this test is unreliable. As a result,
when promulgated in 1980, RM-24 specified that the solids content of a
coating can be obtained only from the manufacturer's formulation of the

Dennis Crumpler
December 14, 1984
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GLOSSARY OF TERMS

"As Applied" the condition of a coating after dilution by the user
Just prior to application to the substrate.
"As Supplied" the canuition of a coating before dilution, as sold
' ana delivered by the coating manufacturer to the user.
(De)a coating density "as applied"
(Dc)s coating density, "as supplied"
D4 density of dilution solvent
DdT density of organic solvent/water mixture
Oy density of water (8.33 1b/gal)
Rg dilution solvent ratio, equals the volume of Y0C added
per unit volume of coating “as supplied”
RdT equdls the voluwe of premixed water and VUC added per
unit volume of coating "as suppliea’
(Vada ~ Volume percent solids of coating "as applied”
(Vpls Volume percent solids of coating "as supplied"

(VOC), VOC content of "as appliea” coatinyg, expressed as mass
of ¥GC per unit volume of coating less water or as mass
of YUC per unit volume of solids

(VOC)¢ '0C content of "“as supplied" coating, expressed as mass’
. 2f YOC per unit volume of coating less water or as mass .
« € YOT per unit volume of solids
(Vi)a tne water content, in volume percent, of coating "as applied”

f(Vw)d the watar content, in volume percent of the dilution solvent
added to the "“as supplled coating .

(Vi) s <he water content, in volume percent, of tHe coating
"as supplied"

(Wola -~e organic volatile content, in weight percent, of the
coca-ing "as applied”

(Wols the organic volatile content, in weight percent, of the
coating "as supplied"
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1. IKRTROOUCTIOM

This Manual provides step-by-step instruction for preparation of two
data sheets developed by the Environmental Protection Agency which may be
used by coating manufacturers and users to present information on the
quantity of volatile organic compounds* (VOC) emitted from a coating.

One of the data sheets may be prepared by the manufacturer of the coating;
the secona would be used by the company that applies the coating to a
substrate.

The first VOC data sheet, which would be prepared by the manufacturer,
provides information on the volatile oryanic content of a coating as it is
delivered to a customer. This is referred to as the VOC content of the
coating “as supplied” (by the manufacturer to the user).

The second VOC data sheet, which would be praparad vy the user or coater
provides information on the quantity of volatile organic compounas present 4s
the coating is used or applied to the substrate and includes the effect
of any dilution solvent added before application. This is referred to as the
VOC content of the coating "as appliea” (to the substrate).

The coating user may submit, and the Agency enforcing a regulation may ‘
accept, these data sheets as prima facie evidence of the actual VOC content
~of a coating. The referee wmethod for ultimate determination of compliance,
however, will continue to be the method specified in the applicable regula-
tion (for example, :PA Reference iethod 24 or individual ASTH wmethoas).

*Volatile Organi- Compound (VOC) - Any organic compound which participates
in atmospheric :notochemical reactions; that is, any organic coupounda
other than those wnicn the Administrator designates as having negligible
photochemical reactivity. VOC may be measured by a reference method,
an equivalent method, an alternative method, or by procedures specified
under any regulation.
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2. VOC CONTENT OF PAINT, INK AND OTHER COATINGS

"AS SUPPLIED" BY THE COATING MANUFACTURER TO THE USER

IT-1
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

VOC_DATA SHEET:

PROPERTIES OF THE COATING "AS SUPPLIED" BY THE MANUFACTURER

Coating Manufacturer:

Coating Identification:

Batch Identification:

Supplied To:

Properties of the coating as supnlieal to the custumer:

A Coatihg Density (Dclg o ' 1b/gal _ kg/1-
/—7 ASTM D1475 /7 Other?
E. Total Volatiles (Wy)g : : Weight Percent
/7 ASTM D2369 - 1::7'0tnér2' ]
C. Water Content: 1. (W,)s Weight Percent .
/7 ASTM 03792 1::7'ASTM.D4017 /7 Other?
2. (Yy)s Volume Percent
/7 Calculated [T Other2
v. Urganic Volatiles (vg)g : Weight Percent
' £. Nonvolatiles Content (Vplg Volume Percent
F. vOC Content (VOC)g: 1. 1b/gal coating less water
or kg/1 coating less water
2. .1b/gal solids
or ' kg/l solids

Remarks: (use reverse side)

1The subscript "s" denotes each value is for the coating “as supplied”
by the manufacturer.

2Exp]ain the other method used under "Remarks".-

Signed: Date




2.2 IMPLEMENTING INSTRUCTIONS FOR THE VOC DATA SHEET FOR "AS SUPPLIED" COATING

‘This UATA SHEET is normally comp1eted.by the coating manufacturer and
provided to the user.l It will henceforth be referred to as the "AS SUPPLIEL"
VUC UATA SHEET.

A. The "as supplied" coating aensity, (DC) 2, is determired using
"ASTM 01475 - Standard Test Method for Bensity of Paint, Lacquer,
and Related Products."”

B. The weight percent of total volatiles in a coating, (Wy)g, is determined
by "ASTM L2369 - 81 Standard jlethod for Volatile Content of Coatings."
drying conaitions to be used are 110°C for 1 hours3.

C. Water Caontent

L. The weight percent water, (Wy)s, is determined by "ASTH 03792 -
Standard Test Method for Water Content of Water-Reducible Paints
by Direct Injection Into a Gas Chromatograph,” or “ASTH L4017 -
Standard Test Metnoa for Water in Paints and Paint Materials by
the Rarl Fisciter Hethod."$,4 Aan acceptable alternative to these -
proceauras for purposes of preparing the data sheet would be to
calculate the weignt percent water from the manufacturer's coating
formulation. : ' : '

lEPA's Reference Method 24 (40 C.F.R. Part 60, App. A), contains the
ASTM methods referenced in these instructions.

2The subscript "s" denotes those parameters of a coating when wmeasured
in the "as supplied" condition, before ailution by the user.

31f the manufacturer believes a specified method does not gyive results

that are representative of the actual cure mechanism, he may petition the
enforcement authority for approval of an alternate analytical wethod. Any
alternate method or altaration to the methods and proceaures in these instruc-
tions or in any applicable regulation would be subject to review and approval
by ‘the appropriate State and Federal enforcement agency.

4volatile compounds classified by EPA as having negligible photochemical
reactivity such as l,1,1-tricnloroethane and nethylene chloride, etc., and
listed as exempt in the applicable Federal and State VUC regulation should

be treated in the same manner as water. The weight percent.of negligibly
reactive compounds in a coating should be determined from the manufacturer's
formulation. The volume percent can then be calculated using equation II-1
when the weight percent and density of the negligibly reactive compoungs are .
substituted for those of water. The weight and volume percent can be used in
Equations 11-2 and il-6, respectively, in place of (Wyls and (Vy)s.
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2. The water content, in volume percent, (Vy)g, can be calculated
by the "equation: :

(M) (D) g

W

(Vwls =

where D, is the density of water, 8.33 1bs/gal.
The organic volatiles content, (W,)s, i.e., the VOC content
expressed as a percent by weight, is determined by the following
equations: .

(wo)s = (wv)s - (ww)s

If the coating contains no water the weight parcent of organic
volatiles is equal to the weight percent of total volatiles.

In other words:
(W) s

(Wo)s

0 and

(Wy)g
The volume percent solids (nonvolatiles), (V,)g, should be derived
from the coating formulation using the following equation:

. P
(Vn)_s =7 (Vn)s,
i=1 i

where (V) denotes the volume percent of each
i

nonvolatile component in an “as supplied" coating,

and "p" is the number of nonvolatile components in
that coating. (Also see Footnote 1, Pg. II-3.)

SThe precision limit adjustments permitted by Reference Method 24 for
experimentally determined mean W,, and W, values may be made only by

enrorcement agencies tor determination of compliance. The adjustment
1s not to be used for the purposes of completing the "AS SUPPLIED"
VOC DATA SHEET. ’ '



F.

The VOC content of the "as supplied" coating (VOC)g can now be calculated
and thereby expressed in terms used by most State or Federal regulations.

1.

The mass of VOC per unit volume of coating less water:

d.

If the coating contains no water, the equation is calculated
as follows:

(VOC)S = (wO)S (DC)S I11-5

o

If the coating contains water, Equation [I-5 becomes:

(wo)s (Dc)s I1-6
(VOC)s = 1o TS

The VOC content may also be calculated in terms of mass of VOC per
unit volume of solids (nonvolatiles). For both solvent-borne and
waterborne coatings, the equation is:

(W ) (D)
(voc)g = 08 €5 H-7
) n's -

II-S5 .



3. VOC CONTENT OF PAINT, IMK AND OTHER COATINGS
~ "AS APPLIED" TO THE SUBSTRATE BY THE USER
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VOC DATA SHEET:

PROPERTIES OF THE COATING "AS APPLIED" TO THE SUBSTRATE

Coat1ng Manufacturer:

Coating Identification:

Batch I[dentification:

User:

User's Coafing Identification:

Properties of the coating as applied1 by the User:

A. Coating Density (D.)y: kg/1, or 1b/gal
/7 ASTM D1475 g Other?
B. Total Volatiles ({Wy);: Weight Percen
/7 ASTM 02369 /7 Other?
€. Water Content: 1. (Wy)a | Weight Percen
[T7 ASM D379%2 /"7 ASTM 04017 /7 Other |
2. (Vy)a | Volume Percen

/7 Calculated /7 Other?
.D. Weighted Average Density of the dilution solvent (Dd)3: 1b/ga
/7 ASTM D1475 /7 Handbook /7 Formulation

(Continued on Reverse Side)

1The subscript "a" denotes each value is for the coating "as applied" to the
substrate. .

2Exp]ain the other method used under “Remarks" on reverse side

The subscript "d" denotes values are far the dilution solvent

111-2



E. Dilution Solvent Ratio (Rq): gal diluent
(gal coating)s4

or
liter diluent
(liter coating)s4
F. Organic Volatiles Content® (Wolyt ‘ Weight Percent
G.  Non-Volatiles Content (Vp),: __ Volume Percent
H.  VOC Content (VOC),: 1. 1b/gal of coating less water
or kg/1 of coating less water
2. 1b/gal solids
or kg/1 solids
REMAQKS:
Signedq:. Date:

4The subscript "s" denotes values are for the coating “"as supplied" by the
manufacturer,

SThis terminology is used to be consistent with Method 24. It refers to
all photochemically reactive organic compounds emitted from the coating
includiny reactive by-products of the cure reaction, exactly the same

matter as indicated in Paragrapn H, i.e., volatile organic compounds,
or YuC.
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3.2. IMPLEMENTING INSTRUCTIONS FOR THE VOC DATA SHEET FOR “AS APPLIED" COATINGS

This DATA SHEET, henceforth referred to as the “AS APPLIED" VOC DATA
SHEET, is to be completed by the company which applies a coating. It
provides information on the amount of volatile organic compounds (VOC) in
the coating "as applied” to the substrate by accounting for the quantity of
diluent solvent added to the "“as supplied" coating prior to application.
If a coating is diluted only with water or a solvent of negligible photo-
chemical reactivity, the user merely doucments the fact (see Step E.1. and
also Footnote 4, Pg, III-5.). Otherwise, several avenues exist for the
coater to certify the VOC content: '

(1) Maintain adequate records of how much organic solvent is added to each
coating and use that information and the “AS SUPPLIED" VOC DATA SHEETZ to
calculate the VOC content "as applied." In this case begin with Step D.
(2) If the "AS SUPPLIED" DATA SHEET is available, but dilution records are
not, begin the "As Applied" determination with Step A, skip Steps B and C,
and proceed to Step D. _

(The user may choose to analyze an "As Supplied" coating using Reference
Method 24 and complete the “AS SUPPLIED" VOC DATA SHEET rather than have
the coating manufacturer complete it. The volume percent solids, however,
will necessarily continue to be supplied by the coating manufacturer.)

(3) Analyze each diluted coating with the same method used to generate the
data provided by the coating manufacturer on the "AS SUPPLIED" VOC DATA
SHEET. (See Chapter 2 of this Manual.) In this case begin with Step A.l

)az, is determined using "ASTM D1475-

‘A. The "as applied" coating.density, "(D
Ealnt, Lacquer, and Related Products.”

Standard Test Method for Density of
B. The weight percent of total volatiles in the coating,'(wv)a is determined

by “ASTM D2369-81 Standard Method for Volatile Content of Coatings.“
The drying conditions to be used are 110°C for 1 hour3. -

Y

lEPA's Reference Method 245(40 C.f.R. Part 60, App. A), contains the
ASTHM methods ‘referenced in these instructions.

2The subscript "a" denotes thase parameters of a coating in the

“as applied” condition, i.e., after dilution by the user. The subscript

s’ denotes the parameters of a coating in the "as supplied" condition,
before dilution by the user,

3If the manufacturer believes the specified method gives results that
are not representative of the VOC released during the normal cure, he
may petition the enforcement authority for approval of an alternative
analytical method. Any alternate method or alteration to the methods
and procedures in these instructions or in any applicable regulation
would be subject to review and approval by the appropriate State and/or
Federal enforcement agency.
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C. The water content is necessary only if the coating has been diluted
with a mixture of organic solvent and water.4,5 [f the ailution
solvent is 100 percent organic, or if the weight and volume percent
water in the mixture is kncwn, proceed directiy to Step O.

The weight percent water, (W,)z, is determined by "ASTM v3792 -
Stanaard Test Method for Water Content of Water-Reducible

Paints by Direct Injection Into a Gas Chromatograpn," or "ASTM D417
- Standard Test Method for Water in Paints and Paint Haterials by
the Karl Fischer Method." (Also see Footnote 3, Pg. I1I-4.)

The water content, in volume percent, (Vy)a, can be calculated by
the equation:

(Vy)y = (Nw)a (Dc)a [1I-1

Uy

where Ly is the density of water, 8.33 1b/qal.

4yolatile compounds’'classified by EPA as having negligidble photochemical
reactivity such as 1,1,1-trichloroethane and methylene chloride, etc., and
listed as exempt in the applicable Federal and State VuC regulation, should
be treated in the same manner as water. The weight percent of negligibly .
reactive compounds in the dilution soivent must be known either from the
Coater's mixing records or the dilution solvent supplier's formulation.

The volume percent can then be calculated using Equations 1II-1 or III-5
when the weight percent and density of the negligibly reactive organics

are supstituted for those of water. The weight and volume percent of

the negligibly reactive compounds can be substitutea in all equations

where the weight and volume percent water, (Wy) and (Vy), respectively,
are used. :

SThe precision limit adjustments permitted by Reference Method 24 for .
experimentally determined mean weight percent water and total volatiles,
Wy and Wy respectively, may be made only by enforcement agencies tor
determination of compliance. The adjustment i1s not to be used for the
purposes of completing the “AS APPLIED" VUC UATA SALET.

[TI-5



D. [If the ailution solvent consists of a single compound the density
may be obtained from the literature.

If the dilution solvent is a mixture of organic compounds, the
density, Ddb, can be determined analytically via ASTM uls75, or

an average density can be estimated from the solvent formulation

as shown below. This estimation assumes that volumes are adaitive.

Dd - _ 100%
m . I11-2
L T3
j=1

or
1 - ) [I[-3
= ) Z JU - -

m-fb J=l J .

whers: Dj, Wy, and Vl denote the denéity, weight percent,
and volume percent of each solvent in the ailution solvent

mixture and "n" is the number of ourganic solvents in the
dilution solvent mixture. :

Lf the dilution solvent is a mixture of photochemically reactive
organics and water, the coater must know the weignt percent, (W) s

or volume percent, (Vy)q, of water from nis mixing records or the
supplier's formulation, or he must analytically determine the weight
fraction of water in the dilution solvent using ASTM D3792 or ASTH
D4017. The density, Ug, of the dilution solvent may then be deter-
mined by ana]ytic$11y measuring the aensity of the organic solvent/
water mixture, Dd , using ASTHM U1475 and adjusting it for tne water
content using the following equation. (See also Footnote 4, Pg. III-5.)

Dy =047 (100% - (4,)4] [11-4
d d 11003 < W Tql

Note: If either the weight or volume percent-water in the
dilution solvent is known, the other can be calculated by the
equation:

_ (Wy)g Uy a 111-5

where “D," is the density of water.

6The subscript "d" denotes a parameter that pertains to that solvent
used by the coater to dilute the "as supplied" coating.
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The ailution solvent ratio, Rg, is defined as the volume of
photochemically reactive organic solvent, (VOC), addea per unit
volume of “as supplied" coating. Stated mathematically,

R

d

1.

= Volume photochemically reactive dilution solvent added
Volume of "as supplied" coating

[f the "as supplied" coating is subsequently diluted with

water or a solvent which is of negligible photochemical
reactivity, the VOC content will be unchanged from that reported
on the “AS SUPPLIED"™ VUC UATA SHEET. This should be reported on
the “AS APPLIED" VUC DATA SHEET by entering "0" for the dilution

- solvent ratio, Rg-

In the absence of adequate dilution records, Ry can be

calculated frow entries on the VGC UATA SHEETS by one of the
following -equations:

a. hen the dilution solvent consists only of vVOC,

L BQ)g - (D), I
A (V5% e vy |

r—

r—
]

o

b.. When the dilution solvent is a mixture of water and

photochemically reactive organic solvent, Equation [1I-6
- may be expressed as: ' :

RdT - (Dc)s - (DC)i 11157
(D), - (Dy)

where: RdT is the ratio of the volume of water
and organic dilution solvent to the volume of “as

supplied” coating to wiich it is added. (Also see
Footnote 4, Pg. IIl-5.) ’

Th; dilution solvent ratio, Rd, may now be calculated from
Rq by the following equation:

vy
Ry - Ry" [1 _ w)d] ) 111-8

10u%s
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The organic volatile content (Wgla, i.e. the VOC content expressed

as a percent by weight of the diluted coating, can now be calculated
by either of two ways:

l. From analyses of the coating using the following equation:
(Wola = (Wy)q = (W), _ I11-9
(See Footnotes 4 and 5, Pg. IIl-5.)
[f the coating does not contain wdter, the weight percent of

organic volatiles is equal to the weight percent of total
volatiles, or

(Wola = (Wy)a I11-10

2. By using the data from the "AS SUPPLIED" VOC DATA SHEET, the
dilution solvent ratio, and the gensity of the gilution solvent
with tihe following equation:

LlDg)g (o) g/100%] + (Ryuy)
' (DC)S * (Rdud)

(Wg)a = x 100% tl-11

The volume percent solids, or nonvolatiles, (V,);, must be calculated
from the following equation where (V,)¢ is obtained from the “AS
SUPPLIED" VOC DATA SHEET.

(Vp) ' [1-

The VOC content of the "as applied" coating (VOC),, can now be

calculated and thereby expressed in terms used .in most State or Federal
regulations.

L. The mass of VOC per unit volume of coating, less water, is

calculated in either of two ways.

a. Using the results obtained by analyzing-the coating with EPA
Reference Method 24 or its constituent ASTM Methods:

(1). If the coating contains no water the equation is:

(Woly (D), - ’ I11-13 -
(VOC)a h 1Uuu%

111-8
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(Z}. If the coatiny contains water the foliowing eguation
must be used:

(Wo)a (Dc)g ' : [11-14

V00 = =13

Using the VOC content of the "as supplied" coating, (VOCq),

the dilution solvent ratio, and the density of the solvent,

the equation is:

E(VOC)S (100% - (Vw)s)/IOO%] +-(RdDd) 111-15
T+ Ry - (V,)g/100% '

(vac), =

Where (VOC)g in this case must be in units of
1bs VOC/gal coating less water.

voC content may also be calculated ‘in terms of mass of VOC
unit volume of solids (nonvolatiles).

Using'the results obtained by analyzing the coating with EPA
Reference Method 24 or its constituent ASTM methods,

the equation for both solvent-borne and waterborne coatings,
is:

(Wo)a (D¢) s o I11-16

(VOC)a = V

n’a _

Using dilution information and calculation procedures only,

the equation is: 7
[(vOC)g (100% - (V,)¢)/10u%] + (RyDy) 111-17

(voc), = VT o/ Tovs

Where (VOC)g in this case must be in units of
1bs VOC/gal coating less water.
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W 36—Determinstion of Volatile Matter
Content, Water Coatent, Deasity, Volume
Solids, and Waeight Solids of Surface Coatings

1. Applicability and Principle
1.1 Applicability. This method applies to
. the determination of volatile matter coatent,
waler content. density, volume solids, and
weight solids of paint, vamish, lacquer. or
related surface coatings.

1.2 Principle. Standard methods are used
to determine the volatile matter content,
water content, density, volume solids, and
weight solidd of the paint, varnish. lacquer, or
related surface costings. .

2 Applicabls Standard Methods

Use the spparatus, reagents, and
muduru specified in the standard methods
ow:

21 ASTM D1475-80 (Reapproved 1980),
Standard Test Method for Density of Paint,
Vemish. Lacquer, and Related Products |
(incorporated by reference—see § 00.17)

22 ASTM D2269-81. Standard Test
Methad for Volatile Content of Coatings
{incorporated by reference—see § 6017).177

2.3 ASTM D3792-79. Standard Test
Method for Water Content of Water-
Reducible Paints by Direct Injection into &
Gas Chromatograph (incorporated by
reference—see § 6C.17).177

2.4 ASTM D4017-81, Standard Test’
Method for Water in Paints and Puint
Materials by the Karl Fischer Titration
Mecthod (incorporated by reference—see
§6017).177

3. Procedure. -

3.1 Volatiie Matter Content. Use the
procedure in ASTM. D2369-81 (incorporated
by reference—see § 60.17) to determine the
volatile matter content {may include water)
of the coating. Record the following
information: |
W, = Weight of dish and sample before

healing. g.
W, = Weight of dish and sample alter heating,

8

W, =Sample weight, g. .

Run analyses in pairs (duplicate sets) for
each coating until the criterion in section 4.3
is met. Calculate the weight fraction of the
volstile matter (W,) for each analysis as
follows:

Record the arithmetic average (W.).

32 Water Content. For waterborne (water
reducible] coatings only. determine the
weight fraction of water (v) using either
“Standard Content Method Test for Water of
Water-Reducible Paints by Direct Injection
into 8 Cas Chromstograph” or “Slanderd
Test Method for Water in Paint and Paint
Materials by Karl Fischer Method.” (These
two methods are incorparated by reference—
ses § 80.17.) A waterborne coating is any
co.u'.ngwhidl contains more than § percent
water by weight in its volatile fraction. Run
duplicate sets of determinations until the
criterion in section 4.3 is met. Record the
arithmatic sverags (W,). 177

33 Coating Density. Determine the
density (D, ke/liter) of the surface costing

-djuitm'cm for the parameter.
8. Calculations

51 Nonaqueous Volatile Matter.
81.1 Solvent-borms Coatings.

using the procedure in ASTM D1475-80
(Respproved 1960} (incorporated by
reference—ere § 60.17).

Run duplicate sets of determinations for
each coating until the criterion in section 4.3

is met. Record the arithmetic average (DJ. 177 w_ W, Eq 24-2

3.4 Solids Content. Determine the volume Where:
fraction (V.} solids of.the coating by W, = Weight fraction nonaqueous volatile
calculation using the manufacturer's matter, g/g.
formulation. $.1.2 Waterborne Coatings.

o W=W,-W, Eq. 43

4. Data Validation Pmcadum 5.2 Wexaht fraction solids.

41 Summary. The variety of coatings that W, =1-W, Eq. 244

may be subject to analysis makes it
necessary to verify the ability of the analyst
and the analytical procedures to obtain
reproducible results for the coatings tested.
This is done by running duplicate analyses on
each sample tested and comparing results
with the within-laboratory precision
statements for each parameter. Because of

Where: W, = Weight solids, g/g.

- the inherent increased imprecision in the

determination of the VOC content of
waterborne coatings as the weight percent
water increases, measured parameters for
waterborne coatings are modified by the
appropriate confidence limits based on
between-laboratory precision statements.
42 Analytical Precision Statements. The
within-laboratory and between-laboratory .
procision statements are given below:

Within-

Betwsen
Waborstory aboreswy

Volatie menter coreent, W.. 1S5 p0tW, ___ 47 pa W,
Wesw comerd, W, 29 pCt Weue 7.5 pat W,
Osrany, O,. 0.001 &kg/war ... 0.002 kQ/utar

4.3 - Sample Analysis Criteria, For W, and
W.. ran duplicate analyses until the
difference between the two values in a set is
less than or equal to the within-laboratory
precision statement for that parameter. For D,
run duplicate analyses until each vaiue in e
set deviates from the mean of the set by no
more than the within-laboratory precision
statement. If after several attempts it is
coficluded that the ASTM procedures camnot
be used for the specific coating with the
established within-laboratory precision, the
Administrator will assame responsibility for
providing the necessary procedures for
revising the method or precision statements
upon written request to: Director, Emission
Standards and Division. (MD-13)
Office of Air Quality Plagning and Standards,
U.S. Environmental Protection Agency.
Ressarch Triangle Park, North Carvilne
b-rab B :

4.4 Coufiduncs Limit Caiculattons for

boretory
confidence limits for waterborne costings as
follows .

To calculate the lower counfidence limit,
subtract the appropriate between-labaratory
precision value from the messured mean
value for that parameter. To caiculate the
spper confidence limit. edd the appropirate
between-laboratory precision value to the
messured mean value for that parameter. For
W, and D, use the lower confidence Hmits,
sad for W,. use the wpper confidence limit.
Becanse V, is caiculated, there is mo



Mathod 24A—Determination of Volatile
Matter Content and Density of Printing Inks
and Related Coatings'69

1. Applicability and Principle.

1.1 Applicabiiity. This method applies to
the determination of the volatile organic
compound {VOC) content and density of
solvent-bomne (solvent reducible) printing
inks or related coatings.

1.2 Principle. Separate procedures are
used 1o determine the VOC weight fraction
and density of the coating and the density of
the solvent in the coating. The VOC weight
fraction is determined by measuring the
weight loss of a known sample quantity
which has becn heated for a specified length
of time at a specified temperature. The
density of both the cvating und solvent are
measured by a standard procedure. From this
information, the VOC volume fraction is
calculated.

2. Pracedure.

2.1 Weight Fraction VOC.

2.1.1 Apparatus.

2.1.1.1 Weighing Dishes. Aluminum foil,
$8 mm in diameter by 18 mm high, with a flat
bottom. There must be at least three weighing
dishes per sample.

2.1.1.2 Disposable syringe, 5 ml.

21.1.3 Analytical Balance. To measure to
within 0.1 mg.

2.1.1.4 Oven. Vacuum oven capable of -
maintaining a temperature of 120=2°C and
an absolute pressure of 510 =51 mm Hg for 4
hours. Alternatively. a forced draft oven
capable of maintaining a temperature of 120
=2°C for 24 hours.

21.1.5 Analysis. Shake or mix the sample
thoroughly to assure that all the solids are
completely suspended. Label and weigh to
the nearest 0.1 mg a weighing dish and record
this weight (M,).

Using & 5-ml syringe without a needle
remove s sample of the coating. Weigh the

syringe and sample to-the nearest 0.1 mg and
record this weight (M.y,). Transfer 1 to 3 g of
the sample to the tared weighing dish.
Reweigh the syringe and sample to the
nearest 0.1 mg and record this weight (Mcy2).
Heat the weighing dish and sample in a
vacuum oven at an absolute pressure of 510
+51 mm Hg and a temperature of 120 +2°C
for 4 hours. Alternatively, heat the weighing
dish and sample in a forced draft oven at a
temperature of 120 32°C for 24 hours. After
the weighing dish has cooled, reweigh it to
the nearest 0.1 mg and record the weight
(Ma). Repeat this procedure for a total of
three determinations for each sample.

2.2 Coasting Density. Determine the
density of the ink or related coating
according to the procedure outlined in ASTM
D 1475-80 (Reapproved 1980), which is
incorporated by reference. It is available
from the American Society of Testing and
Materials, 1916 Race Street, Philadelphia.
Pennaylvania 19103. It is also available for
inspection at the Office of the Federal
Register, Room 8401, 1100 L Sucet, NW,,
Washington, D.C. This incorporation by
reference was approved by the Director of
the Federal Register on November 8; 1982,
This material is incorporated as it exists on
the date of approval and a notice of any

change in these materials will be pubhahed in

the Federal Register.

2.3 Solvent Density. Determine the
density of the solvent according to the
procedure outlined in ASTM D 1475-80
(reapproved 1980). Make a total of three
determinations for each coating. Report the
density D, as the arithmetic average of the
three determinations. *

3. Calculations.

3.1 Weight Fraction VOC. Calculate the
weight fraction volatile organic content W,
using the following equation:

MI' + Mr" - M«\'! -

W,=
Meys —

Equation 24A-1 176

Report the weight {raction VOC W, as the
arithmetic average of the three
determinations.

3.2 Volume Fraction VOC. Calculate the
volume [raction volatile organic content V,

using the following equation:

W, D,
v, "'B—
Equation 24A-2 176
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APPENDIX C

ALTERNATIVE COMPLIANCE FOR GRAPHIC ARTS RACT
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Vo ‘Q ) UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
7 = Office of Air Quality Planning and Standards -
d" Research Triangle Park, North Carolina 27711
P :
SEP 9 1987
- MEMORANDUM

SUBJECT. Alternative Compliance for £

FROM: Darryl D. Tyler, Director
Control Programs Developmen

TO: Director, Air Division, Regions I~X

As an outgrowth of comments on simplifying recordkeeping and determining
compliance in the flexographic and packaging rotogravure printing industries,
the Agency has decided to accept an emission limit of 0.5 1b of volatile
organic compound (VOC) per pound of solids in the ink as alternative
emission limit which is essentially equivalent to the reasonably available
control technology (RACT) level recommended in the graphic arts control
technique guideline (CTG), “Control of Volatile Organic Emissions From
Existing Sources Volume VIII: Graphic Arts, Rotogravure, and Flexography,*
EPA-450/2-78-033, December 1978. A source-specific State implementation
plan (SIP) revision for a graphic arts facility which is based on this
equivalent alternative RACT emission limit will be considered valid and
will be expeditiously reviewed. -

Rather than applying this limit on a source-specific basis, a State
may wish to revise its SIP to apply this alternative limit to all
affected sources so that there will be no need for a source-specific SIP -
revision for each particular industrial facility, Such an approach will
be acceptable to EPA.

-~ However, States are not required to revise SIP's and adopt the 0.5 1b
VOC/1b solids RACT equivalent, The EPA still considers the RACT limitations
recommended in the CTG and already incorporated into most SIP's to be

valid and does not propose to prohibit their use. If a State chooses to
revise its SIP to apply the 0.5 1b VOC/1b solids RACT equivalent to all
sources, this should be as an alternative in addition to, rather than as a
repl acement for, the RACT 1imitations recommended in the CTG and already
incorporated into most SIP's. )

The 0.5 1b VOC/1b solids limit includes all solvent added to the ink:
solvent in purchased ink, solvent added to cut the ink to achieve desired
press viscosity, and solvent added to ink on the press to maintain viscosity
during the press run, Method 24 test procedures and procedures to account
for thinning solvent as specified in “Procedures for Certifying Quantity
of Volatile Organic Compounds by Paint, Ink, and Other Coatings", EPA
450/3-84-019, must govern in determining VOC compliance of an ink in an
enforcement situation,



This limit applies to flexographic printing and packaging rotogravure
printing presses. Publication rotogravure presses are not covered by
this guidance, .

cc: Regional Administrator, Regions I-X
Chief, Air Branch, Regions I-X
Ron Campbell
Gerald Emison
B. J. Steigerwald
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