CONSULYING FNCINEERS
& FROFEEEIORALS

March 23, 2016

Ms. Michele Luplow
Environmental Quality Analyst
Air Quality Division
Constitution Hall

525 West Allegan Street

P.O Box 30242

Lansing Michigan, 48909-7742

Re: IAC Alma, LLC, March 1, 2016 Violation Notice
Dear Ms. Luplow:

On February 4, 2016, the Michigan Department of Environmental Quality (MDEQ), Air
Quality Division (AQD) conducted an inspection of IAC Alma, LLC (IAC Alma) located at
1965 Williams Road, Alma, Michigan. The stated purpose of the inspection was to determine
TAC Alma's compliance with the requirements of the federal Clean Air Act; Part 55, Air
Pollution Control, of the Natural Resources and Environmental Protection Act, 1994 PA 451,
as amended (Act 451); the administrative rules and the conditions of Opt-out Permit to Install
(PTI) number 170-79H {Attachment 1).

In particular, the MDEQ was interested in verifying the EU-ADHESIVELN and
FGCOATINGS?2, content limits of 0.3 pounds (Ibs) of volatile organic compounds (VOCS)
per gallon minus water and 3.0 lbs of VOCs per gallon, respectively. To verify these material
limits, TAC Alma, at the request of the MDEQ, collected samples from four materials. Those
materials were as follows:

» T8085 Adhesive, manufactured by PPG;

¢ 396W102 Light Camel, manufactured by Red Spot

¢ 396W24313C aka 396DX9 Black, manufactured by Red Spot; and
¢  600R-PGC Jet Black, manufactured by United Paint.

As indicated in IAC Alma’s Permit 170-79H, these samples were submitted for VOC content,
water content, and density using federal Reference Test Method 24 except for the 600R-PGC
material. This material was not submitted for analysis. Material properties of interest provided
by the manufacturer for the three materials that were submitted for Method 24 analysis are
described below.

T8085 Adhesive, manufactured by PPG. The following are material properties of interest.

Actual VOC content: 0.02 Ibs/gallon or 2.51 grams/Liter (g/L)
VOC content minus water: 0.05 lbs/gallon or 5.69 g/L

Water Content: 4.66 lbs/gallon and;

Density 9.0 Ib/gallon
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396W24313C Black, manufactured by Red Spot. The following are material properties of
interest.

Actual VOC content: 1.186 lbs/gallon or 142.11 g/

VOC content minus water: 2.815 lbs/gallon or 337.31 g/L.
Water Content: 4.821 lbs/gallon and;

Density 9.771 lbs/gallon

396W102 Light Camel, manufactured by Red Spot. The following are material properties
of interest.

s Actual VOC content: 1.368 Ibs/gallon or 163.92 g/L.

VOC content minus water: 2.899 lbs/gallon or 347.38 g/L.
Water Content: 4.398 1bs/gallon and,;

Density 9.866 1bs/gallon

Of these three materials only the T8085 and 396DX9 are currently in use. Safety Data Sheets
for the three Materials submitted for analysis are contained as Attachment 2.

Alleged Violation

Based on the Method 24 results for the three coatings analyzed, all three coatings exceeded
their respective permitted VOC coating material limit and a violation notice (VN) was issued
on March 1, 2016. However, the MDEQ VN did not cite the exceedance of the 0.3 1b per
gallon VOC Content limit for the adhesive T8085 as the MDEQ recognizes Method 24 can
propagate errors in determining VOC content when analyzing low VOC content waterborne
coatings. As such, only the 396W24313C and 396W102 coatings were alleged to exceed
their permitted VOC content limit of 3.0 Ibs/gallon. This letter seeks to respond to the alleged
violation by providing supporting documentation related to the use of Method 24 on low VOC
content waterborne coatings, an analyses of the MDEQ sampling results, and an alternate plan
to evaluate VOC contents, if necessary. Again, the 396W102 coating is no longer used and
the T8085 is not a concern of the MDEQ AQD. As such, Red Spot’s supporting information
will primarily focus on the 396W24313C use.

USEPA Method 24 Limitations

There are scveral methods for determining VOC content of products. These methods are
either a direct determination of the VOC compounds via gas chromatography (such as ASTM
D6886) or an indirect determination that requires multiple analytical steps. Method 24 is an
indirect method with multiple steps that can propagate errors. However, it is the method for
determining VOC content of a coating established in IAC Alma’s Permit 170-79H.

Nevertheless, it is well documented from sources including the USEPA that there are errors
that can occur when using Method 24 on water based coatings when determining VOC
content. In fact, Section 9.2 of Method 24 states the following: “Because of the inherent
increased imprecision in the determination of the VOC content of waterborne coatings as the
weight percent of water increases, measured parameters for waterborne coatings are
replaced with appropriate confidence limits (Section 12.6). These confidence limits are based
on measured parameters and inter-laboratory precision statements”.



The MDEQ has also acknowledged Method 24 limitations when analyzing low VOC content
waterborne coatings as noted in the Alleged Violation section above. The point of debate
appears to be, at what VOC content threshold is Method 24 limited? An industry group
paper titled “Sources of Error in VOC Determination via EPA Method 24” by D.J. Mania et
al, August 2001, the authors concluded the following: “Forty-five paint samples having
volatile organic content (VOCs) ranging from 7 to 562 g/l were prepared and tested for VOC
according to EPA Method 24. In addition, all individual raw materials utilized in preparing
the paints were also tested for their VOCs. There were significant differences between
claimed and measured VOCs for both raw materials and finished paints. The measurement
ervor for VOC of finished paints was eight percent. This error increased exponentially as the
VOC declined below about 250 g/L, reaching about 200% at VOCs below 50 g/L. The range
of error also increased exponentially below about 250 g/, reaching 1000% below 50 g/I.
The major sources of VOC error in all cases were in the water and nonvolatile
determinations”. The complete study is contained as Attachment 3.

FEach of the coatings tested were below 250 g/I. VOC content described above. In fact, a
163.92 g/I. VOC content was the highest level, which is well below 250 g/L.

USEPA Method 24 Results

The collected samples were submitted to Trace Analytical, Muskegon, Michigan for Method
24 Analysis. A comparison of the manufacturer’s material propertics, Method 24 Results, and
the percent change are contained in the summary tables below. The Manufacturers
information is contained in the SDS in Attachment 2. The Method 24 Analytical results and
quality control information is contained in Attachment 4.

T8085 Adhesive, manufactured by PPG

Parameter Manufacturer (lbs/gal) | Method 24 (Ibs/gal) | Change (%)
Water Content 4.66 4.3 -8.0
Density 9.0 5.1 +1.1
VOC Content 0.02/2.51% 0.75 +3650
VOC Content minus water 0.05 1.6 +3100

*= grams per liter

396W24313C Black, manufactured by Red Spot

Parameter Manufacturer (lbs/gal} | Method 24 {lbs/gal) | Change (%)
Water Content 4.821 4.6 -4.8
Density 8.771 8.7 -0.81
VOC Content 1.186/142.1* 1.6 +34.9
VOC Content minus water 2.815 3.5 +24.3

*= grams per liter




396W102 Light Camel, manufactured by Red Spot

Parameter Manufacturer (Ibs/gal) | Method 24 (lbs/gal} | Change (%)
Water Content 4.398 4.2 4.5
Density 9.866 9.9 -0.35
VOC Content 1.386/163.9* 1.7 +22.7
VOC Content minus water 2.899 3.4 +17.3

*= grams per liter

Analysis

Two separate manufacturers of two types of products (paint and adhesive) were evaluated
during this Method 24 Test and for both manufacturers it appears that the Method 24 results
appear skewed from manufacturer formulation data.

The comparative results above support the USEPA’s and the coating industry’s cautious use
of Method 24 for waterborne coatings. It also supports the MDEQ’s rationale not to cite a
violation of the adhesive line (T8083) permitted VOC content limits. Further, the D.J. Mania,
et al study predicted large errors with coatings that have a VOC content of 250 g/L or less and
enormous errors as the VOC content approaches 50 g/l.. As with the D.J. Mania, et al study,
and as expected for a waterborne coating, there is consistent difference in the Method 24
results from manufacturer information in the water determination. However, the relative
percent differences (RPDs) for laboratory precision determination appear to be within the
laboratory’s RPD range for precision (Attachment 4). This simply means the laboratory data
was consistent. Consistently correct or consistently incorrect. It does not necessarily mean
that it is valid. Of the parameters listed in the tables above, the only parameter that appears to
have been accurately and precisely measured is density. Meaning both the manufacturer and
the laboratory reported similar values (within approximately 1%).

To establish accuracy for the material properties of the 396W24313C coating, Red Spot has
prepared a document to substantiate the theoretical VOC content. This document is contained
as Attachment 5. It is in agreement with the information previously provided in the SDS and
submitted to the MDEQ during in Permit to install application for the purpose of calculating
VOC emissions at IAC Alma.

Emissions Implication

As a sensitivity analysis, assuming a 3.5 lbs/gallon VOC content minus water measuted using
Method 24 is accurate. Looking at JAC Alma’s VOC emissions from 2014 and 2015 and
applying a 3.5 Ib/gallon VOC content, the VOC emissions in 2014 would increase from
approximately 3.3 to 4 tons and the VOC emissions in 2015 would increase from
approximately 6.7 to 7.2 tons. Both are well below the permitted emission limit of 13.9 tons
in 2014 and 64.2 tons in 2015. It should also be noted that in the July 7, 2014 Permit 170-
79G, IAC Alma’s VOC content minus water limit was 3.5 Ibs/gallon. This was lowered by
the MDEQ during the transition from Permit 170-79G to

Permit 170-79H as certain coatings were discontinued.



Conclusions

Based on the information presented in this response letter, IAC Alma believes that sufficient
information exists, by credible sources such as the USEPA, MDEQ, and the coating Industry
to call into question the effectiveness of using Method 24 as a means to establish an accurate
VOC content for a low VOC waterborne coating for the purpose of determining whether or
not a permit violation has occurred. As such, IAC Alma does not believe that there is enough
information to definitively determine that a violation has occurred. The Method 24 results
consistently show significant differences in the VOC content minus water from the
manufacturer’s formulation data, no matter the manufacturer. The D.J. Mania, et al study
concludes that low VOC content (less than 250 g/1.) can exhibit significant errors. All of the
coatings tested from 1AC Alma fell well below this threshold. In addition, looking at a
sensitivity analysis, there appears to be no overall permitted emission impact. In fact, the
VOC content minus water was previously set at 3.5 Ibs/gallon under Permit 170-79G.

Recommendations

Although TAC Alma believes there is not enough information to determine if a violation has
occurred, the Method 24 results should be reconciled with an analytical method more
appropriate for low VOC waterborne coatings. TAC Alma, believes that method to be ASTM
D6886 which is a direct VOC measurement method. Not indirect, like Method 24. In fact,
Green Seal, a nonprofit organization that provides third-party certification based on leadership
sustainability standards that help protect the natural world and human health uses ASTM
6886 as one of its methods to determine VOC Content.

if the MDEQ District Supervisor agrees, IAC Alma will develop a sampling protocol for
collecting representative samples of its low VOC waterborne coatings over time. If
determined necessary by the MDEQ, this protocol will be shared with the MDEQ by April 12,
2016. These samples will be analyzed by ASTM D6886 and Method 24 and compared to the
manufacturers SDS information. Upon the completion of testing, there should be enough
VOC content information to determine whether or not a VOC content permit modification
will be required.

Should you have any questions, please do not hesitate to contact me at 248.489.9636 x 309 or
via email at jeolmer@bbande.com.

Sincerely,

BB&E, INC.

L

James D. Colmer, PE
Senior Environmental Engineer

Enclosures: Attachments as stated







" Sources of Error in VOC
Determination via EPA Method 24

ranging fr'm 7 fo 562 g/L were  prepared and tested for vocC
according 1o, EPA Method 24, In. addition, all individugl raw

materials utilized in preparing the paints were also tested for their
VOCs. There were significant differences between claimed and
mensured VOCs for both vaw materials and finished paints, The

250 gfL, reach

measurement error for VOC of finished paints was eight percent.
Thiserrorincregsed exponentiallyas the VOC declined below abort
tiitg about 200% at VOCs below 50 g/L. The range
of error also increased exponentinlly below ubmtt 250g/L, reaching
1000% below 50 g/L. The major sources of VOC ervor in all cases
were in the water and nonwolatile determinations.

INTRODUCTION

Since the creation of EPA Method 24 in .
1984, the coatings indusiry has had a

standard test by which to measure vola- -

opposed to relying on calculated “thea- i

retical” or “formulation” VOC. The test
method to determine a paint’s VOC has
three’ component ASTM tests:

(1) Total volatile matter of paint is
determined according to ASTM D 2369.2
This method assumes that all volatile
matter will leave the film after one hour
at 110°C, There have been sfudies show-
ing that certain coalescing solvents can
be retdiried in the polymer phase under
these conditions, ! thus decreasing the
measured volatile matter content.

(2} Water content is determined ei-
ther by gas chromatography (ASTM D
37925 or the Karl Fischer method (ASTM
D 4017%)..With gas chromatography
(GC), intetferences in retention time from
other volatile matter and water absorbed
within the dilation solvent or internal
“standard can skew the results.” With the
Karl Fischer (KF) method, pH excesses
and various side reactions can skew the
results.®

(3)Paint density is determined ac-
cording to ASTM D 1475.° The most com-
mon problem with density measure-
ments js with entrained air, This is com-
monly ‘dealt with by some form of
deairatioh, such as ultrasonic or vacuum
treatment.-

It is well known that VOC measure-
ments car_ry a high degree of variability

Presented at the 7831 Annual Meeting of the Federa-
tion of Societies for Coahngs Technology, on Ociober 18-20,
2000, in Chicage, Il " - .

430 W, Fnrcst Ave Ypsxlauh, MI 48197,

or “error” due to the issues mentioned
previously. In fact, it is possible to obtain

'; higher than expected (accordmg to the
_customer), to negative values with paints
“having very low nominal VOCs.! As of

this wrlhng, the cmly other 51gmf1cant
work in systematically assessing the er-
rors of EPA Method 24 ‘was done by

“Jenkins et al.? of the Los Angeles Soci-

ety for Coatings Technology, which

“dealt largely with the determination of
‘water. With this in mind, we de51g11ed a

study fo include all of the comiponents of
the VOC test, using some of the more
typical types of paint samples that we
have received for VOC analy31s over the
past year. L

COMMERCIALEXAMPLE

As an example of the issues involved,
we measured the VOCs of two commenr-
cial paints purchased locally from major
manufactupers, Each paint was tested
on 10 successive work days by the same
person. The first paint represented the
difficult end of the ‘spectrum: first line
exterior latex flat that claimed a VOC of
less than 100 g/L on the label. The sec-
ond represented the easier end of the
spectruny: exterior solveni-based alkyd
{no VOC claim made). The average VOC
for the exterior flat latex paint was 97
g/L, witha25g/L (26%) standard devia-
tion anel a range of 46 to 126 g/L (82%).
The average VOC for the solvent-based
paint was 325 g /1, with a standard de-
viation of 2.4 g/L (0.74%) and a range of
32110328 g /L (2.2%). This reinfoices the
point made by Brezinski! that the error
in YOC measurements appears o be
inversely - proportional to the nommal
VOC of the sammple.

EXPERIMENTAL

Paint Sumples

Our main study included 45 paints that
were formulated and prepared in-house.

.They included two solvent-based paints
(as reference/ controls), four water re-

ducible pigment dispersions, 18 water
reducible paints, and 21 latex paints, Since
ples for the study were prepared
! the exact amount of each of
the | aterials in each of the paints
was kihown, and all of the raw miaterials
could anhwdually analyzed.

s were formulated to yleld a
wide range of nominal VOC from ver
low (7 g/L} up to fairly high (562 g/L).
The latex paints were made with an acrylic
emulsion syrithesized in-house that was
not neutralized, so that we would have
more accurate mfmmation about solids
and water content. Both semigloss and
flat paints were formulated ranging from
no additional ‘solvent or coalescent
added, up to higher-than-normal levels
of solvent and coalescent.

The water-reducible paints were
made with two commercially available
resins. One was a water-redlucible alkyd
that we formulated to contain minimal
levels of solvent, up to higher-than-nor-
mal levels {both semigloss and flat
samples). All of these samples were for-
mulated to contain alcohols, since we
thought that alcoholic solvents would
pose-the ‘greatest problem with water
concentration determination. The other
resin used was a water-reducible epoxy-
ester, formulated the same as with the
water-reducible alkyd except that no al-
coholic solvents were used. The pigment
dispersion slurries used were the pre-
cursors to the previously mentioned
water-reducible paints.

Val. 73, No. 219, August 2001 111




D.J. Mania eI“d'E'. .

VOC Testi
All of the VOC testing was ¢ondiicte

utilizing EPA Method 24,1 and its thrée .
constituent ASTM methods, D 2369

“Test Method for Volatile Content of
Coatings,” D 1475 “Test Method for
Density of Paint, Varnish, Lacquer, and
Related Products,” and either D 3792
- Test Method for Water Content of Wa-
“ter-Reducible Paints by Direct Injection
. inté a Gas Chromatograph,” or D 4017
- *Test Method for Water in Paints and
Paint' Materials by Karl Fischer

B ._ inethod,” Both of the methods for de-

termmmg water in a paint were com-
parcd toa theoretical value as deter-
TMine dby each raw material’s water con-
) centratmn as determined by KF
genera]_ly accepted (and verified in this
study) that KF method is the best
method to determine water concentra-
tion, especially since most new meth-
ods invelve a comparison to the Karl
Fischer method. Therefore, it was be-
lieved that the best calculated VOC value
for each sample will be obtained by us-
ing the water concentration for each
raw material as determined by the Karl
Fischer method.

With some exceptions that will be
noted, the raw materials were analyzed
using the same constituent methods as
EP A Method 24 for % nonvolatiles, den-
sity, and water concentration. The Karl
Fischer titration method was used to
defermine the water concentration in
the raw materials. The density values
for the solvents and powder materials
were taken from literature values or
from technical data sheets. All of the
samples were analyzed for water con-
tent except for the powder materials,
which were analyzed for solids content,
and the % volatile was assumed to be
water.

We made the following assumptions:

{1) All volatile material lost from
powder (mostly pigments) raw materi-
als was assumed to be absorbed by wa-
ter. This assumption is based upon in-
put from the various suppliers to this
effect. Initial testing. showed that the
greatest loss of weight observed from a
powder would translate to less than 0.1%
difference in water conéentration in any
paint.

(?) All literature values for density of
solvents and: powder materials: were
considered accurate. This assumption is
based upon test measurements that
showed an average density difference
of less than 0.01 Ib/gal for solvents, We
did not attempt to measure the density
of powdered materials directly.

After we madeall of the paints and
analyzed all of the raw materials, we
calctlated theoretical density, % non-
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“Yolatile, and water concentration of
.‘eéach of the paint samples. The nonvola-
- tile (INV) content of each paint was cal-
._'-'culated by summing the solid weights

materials and dividing by
ht used [equation (1}].

% NV—-{ [Z (Sohd weight of each raw 1
wmaterial)]/Total weight | x 100 1)

The paint densities were calculated
by summing the total weights used and
dividing by the total volumes used
[equation (2}].

Density = [7. (Total weight of each
raw material)]/Total volume

2)

The water concentration of each
sample was calculated by summing the
water content of each raw material, as
well as the water added, and dividing

by the total weight of the sample [equa-
ton {3)].

Waterineach Water
% Water = ({] £ \raw material/ ] 4 added |)x100
Total weight 3)

VOC values are typically reported in
pounds or grams of, total volatile or-
ganic material ‘per dehydrated gallon
or liter paint, Dehydrated paint is a regu-
latory concept created to prevent the

tractmg any water from cofriponent val-
ues before performing thé VOC calcu-
lation. To obtain these niimbers one
must determine the density of the paint,
the % volatile portion of thé paint; and
the water Concentrahon, f‘mfn Whlch

tion (4)]:

for All Samples,

Sample Description .

Table 'I--Célki.'l[_i;ied ffrom Measured vs. Claimed) VOC Values

Analytically Derived
Row Material Values

Tech Dota Sheet
Raw Material Values

Semigloss Latex (SGH ................
SGL it e

ispersion (WRD} .....
Waier Reducuble Flert fWRF) .,
WRE i i et
SGL

WRD .o
WRG .o

WRG ...
Solvent Based Flat ..........
Solvent Based High Gloss ...

FlF Lafax (FLE oot ieien oo
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RESULTS AND DISCUSSION

The following discussion will first cover

the component tests, and then VOC as a
composite restilt, For the balance of this
paper, we use the term “measured” to
refer to the direct measurement of fin-
ished paint ' VOCs or component VOCs;
and the term “calculated” to refer to
paint VOCs calculated from component
VOCs, whether measured or taken from
product literature (“claimed”}.

Percentage differences are calculated
analytical values as
the reference point, “Absolute” differ-
ences are the al olute values of the dif-
ferences obtained, The use of absolute
- value is helpful in illustrating error lev-

""':E'_eIS; since they eliminate :self-canceling

~tendencies with positive-and negatwe
differences. .

ulculuied Paint VOCs

ble 1 contains a complete llst of

ascending order, according to the VOCs
calculated from measured raw material
VOCs. Figure:l shows the correlation of
the paint VOCs derived from measured
values to that derived from claimed

component values.
The diagonal line
represents a hypo-
thetically perfect
agreement  be-
tween claimed and
measured VOCs,

- LB &«
L oy :

(=]

The agreement
appears to be quite
good for samples
below about 250 g/
L, and for the two
solventborne sam-

Absalute Difference (%)

ples in the 500-600
g/L range. How-

Zamples

ever, in the middle
range, VOCs based

Figure 3-~Trend in nonvolatile data.

on claimed con-
stants are signifi-
cantly higher than those based on mea-
sured constants, suggesting some sort
of ‘systématic bias for this group of

group consisted of the water-
e samples, and the source of de-

System components This 1llustrate=; the
importance of having verified compo-
nent raw material VOCs if one wishes to
rely on calculated VOCs for the paint, as
paint manufacturers would like to do.

Density

Given the deviations noted previ-
ously, for the balance of our work, the
only calculated values we use are those
derived from measured component val-
ues. We found the measured paint.den-

“higher than the calculated ones. Figiire

surément of density towards the po

samples. Purther investigation showed

sities to be 0.20 Ib/gal on the average..

clearly shows a strong bias in the méa

tive direction. The two samples with the
vy much lower densities than expectcd_ :
are. ’f_he two solvent-based samples, Un-.

fortunately, with only two solventborne
samples, we cannot provide any mean-
ingful explanation for this deviation.

When calculating paint density, most
formulators sum the weights and divide
by the sum of the volumes, as we did to
obtain our theoretical density values. By
determmmg the density in this manner,
the formulator is making an assumption
that all of the volumes are additive, at
least to a first approximation. Given that
41 of 45 cases provide higher than ex-
pected densities, perhaps this assump-
tion should be revisited in the future in
more detail to determine ifs relative con-
tribution to the observed bias.

Nonvolatife Confent

We found the measured nonvolatile
content to be, on the average, 1.24%

3 shows a strong bias in the measure-
ment of nonvolatile contents in the posi-
tive direction.

When calculating the nonivolatile con-
tent of a coating, most formulators sum
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Figure 4—Trend in water conceniration as deter-
mined by the Karl Fischer Method.
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the solid material weights and divide by
the total formulation Weight as We_ di__d.

a small amount of volatile matter ander’
or in the film. In previous studies'2 it ias
been shown that (0.2% of the water in a
sample remained even after heating in
vacue for eight hours at 100°C. Accord-
ing to Hoy,? some coalescents exist in
the polymer phase of the paint system
and therefore will act more like a plasti-
cizer and may not leave the film at an
appreciable rate. There is also the fact
that some volatile components used will
stmply not come out of the sample at
the temperature/time that is specified
in EPA Method 24.4

Woater Content

The water content of the paint
samples was analyzed according to both
of the EPA Method 24 accepted water
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1+ proved to
© the gas chromatography (GC) methad.

content methods. We will diséiiss them
individirally, as the Karl Fischer method
“muich more reliable than

KARL E tiex Mittion: The samples as
_ in'Figrire 4, were shown to have
i absoltite real difference in measured

. wafer content of 1.06% from the calcu-

lated value. Five samples had values
higher than the calculated value; the re-
maining 40 samples had 0.81% less wa-
ter than expected, Figure 4 also shows a
bias in the negative direction for water
content as determined by the KF,

The Karl Fischer titration is still one
of the best methods available to deter-
mine water concentration, but it is not
without drawbacks. For example, if the
pH is too low (below 4)8 the titration
reaction becomes sluggish and can yield
higher than expected values. If the pH is
too high (above 7) the titration reaction

does not proceed.? Certain metal oxides;
such as zinc oxide,” interfere with' the:
reaction. The presence of aldehydes "md_-
ketones can give erroneous results as'-}

they can react with most tifration re-
agents and consume water, thus giving
lower than expected results, Methanol
has been shown to be the best overall
solvent to use with the Karl Fischer titra-
tion; however, it may not be an adequate
solvent for every particular coating, or
even for a particular component of a
coating. Even with the use of a homog-
enizer, which has been shown to greatly
improve results with paints, there still
exists the possibility that some of the
water may become entrapped within ;-
methanol insoluble polymer droplets,
With 50 many components in paints itis
hard to judge for sure whether or not &:
particular component will interact with:
another component in such a way as to:
cause an interference with the overall
titration reaction. -

GAS CHROMATOGRAPHY MerHOD: F ig
5 shows the overall trend for wat6r o
" tent with tespect o' data recav |
. gas chromatography.: The value.ob
- taified by GC 'was less thin thé cal _
- lated Value by an average ‘of '7 O I



addition, 11 samples were found to con-
tain over 10% less than the calculated

2 value. Of the remaining 34 samples the

average value was still found tobe 2.71%
less than the expected value. Figire 5
shows convincingly the very strong bias
in the negative direction of the water
concentration as determined by GC.
Thus, the KF method with an absolute
difference of 1.06% is far more accurate
than the best-case samples done by the
GC method. It is important to note that
all of the samples at the left of the graph
with the greatest difference in water con-
centration are all semigloss latex paints.

The GC method relies on the peak

area of e water in comparison to the
peak are - an internal standard. Some
problems. ith this method could be the

change in refention of the peaks, which
could alter the peak areas over time as
solids become entrapped within the col-
umn packing material. Certain samples
may entrap-water within a particular
matrix, whetheér pigment or polymer,
and not be dissolved in the dimethyl
{formamide (DMF), and thus not be de-

tected. Since the method requires the
calculation of a response | factor; the mag-
nitude of error is now squ; éd singe the
response factor has to be calculated and
then used to calculate the water concen-
tration. It is not surprising that the KF
method, in most instances, is the method
of choice in determining water concen-
tration within a sample.

Voldatiie Organic Content .
In the original project design we fo

mulated sorhe of the paints with vary- )
mg soivents and levels of solvent. Analy- :

tern of VOC i error as a function of the °
solvents that were used in the study, |
including alcohols, Since the water con- .

centration error is the greatest using the
data obtained by the GC method, we
will discuss its impact on the VOC num-
bers first.

We used the measured values for
nonvolatile content, density, and water
(by GC) to determine the VOC value for

each sample, and then compared those

~have over 100% error, while .

Sources of Error in YOC Determination

values to the calculated values and de-
termined that there existed an average
of almost 192% error (using calculated
as the true value) in all samples. The %
error decreases to nearly 16% when
looking at samples with calculated VOCs
above 200 g/L; When only using the
data for the 18 samples with calculated
VOCs below 200% the error is nearly
75% and using the 11 samples with a

calculated VOC of Iess than 100g/L the

'average errot increases to above 685%.
It is important to note ;that of the 45

'samples studied two were found tohave

errors in excess of 1000%, and eight
more were found to have errors over

100%. In essence, over 20% of the

samples investigated wefe shown to
only one
of these samples had a calculated VOC
above 200 g /L. Figure 6 shows the over-
all trend in VQC error for samples over
the entire VOC range (7 g/L to 562 g/
L), while Figure 7 shows the much-re-
duced error in VOC for the range above
200 g/1.. Note that a sample having al-
most 4000% error was left off of Figure 6

Etil]

ho average % error over the nh_l!_m_'\_lot‘. fange 1s 27.5 %.

R : 500 - x v v ” r
vOoc (ﬁJL) calculated for seasured cnmpoi)é'n'ls 0. h 100 200 206 4oo _500 600
- Galcutated VOC (gL} from measured raw malerials
| -] Figure 8—VYOC error data for ofl samples vsing KF - |_| — .
waler data. _I Figure 10—Effect of density bias on YOC. I__
45 -
T The average % crror for samples abeve 200 g/L VOG Is 7.9 %. o
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35 ] See--- 2.0 —_— — -
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Figure 9—VOC error daia for samples above 200 || :
g/1 YOC using KF woier data. L Figure 11—Effect of nonvolatile bias on VOC. -
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VOC change based upon KF water blas

200 3100 400 500 &0
YOG (gL}

KF water data, on VOC.

. Figure 12— Effectof water concentration bias, using

s0 that a continuity in scale could be
maintained with Figure 8,

The KF method produced similar
graphs for the entire range of VOC
and the range above 200 g/L (refer to
Figiires 8 and 9, respectively). The main
difference between the graphs is the
magnitude of the error. For the enfire
range using the KF water data, the VOC
error was determined to be 21.64%,

while above 200 g/L it was improved " |

to 7.86%. While the error increased up

to 42.3% for samples below 200 g/L [

VOC, itincreased to 52.3% for samples
below 100 g/L. The maximum error in
VOC obtained using KF water data was
nearly 275%, with 20 samples having
error above 10 %. The errors obtained
in VOC values using the KF water data
are much improved over the error ob-
tained using the GC water data, how-
ever, the error is still significant enough
to call into question the validity of the
VOC values determined by EPA
Method 24, especially for samples con-

Flgure 14—VOC with GC water concem‘m'fron
“average and range of error.

taining less than 200 g /L. With this in-
formation in mind; henceforth when we
refer to water concentration data we
wil} be usm the KF water concenfra-

-j__noﬁ'volatilc and water on the
' OC of the coal‘mg We con-

‘then substituted for one of
the éalciilated values {either density,
nonvolatile;, or water) with the mea-
sured average absolute difference. For

" the av

example, with respect to density, we
calculated the VOC value using all of
the calculated valuies; we then recalcu-
lated substitutmg for the measured av-
erage absolute’ nce. density
value. This was done t6 10 samples
ranging from low igh VOC, to
illustrate what éffect the difference in
density meastiréd vérsus calculated
has upon’ the VOC value Notice in

mcrease ovexj 40 g/L, in VOC using

differerice value as the
vOC approaches zero: A similar graph
(Figure 12) is made by substituting the
calewlated water concentration with the
meagtired value, A similar graph {(not
shown) could be constructed using the
GC wateér datd; except that it would be
almost seven times higher in VOC
change,

08

Tech Data Sheet Calculated VOC (gil)
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200

% Errar
=
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®KF average oot
1

MKF range error

-100 0 100 200 300
KF Water YOG {giL)

400 500 &00

o 100

200 ELU 490 504 600 o0
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tach data calculated VOC.

|| Figure 13- Correlation of “measured” VOC against ~ ||

Figure 15--VOC with KF waler conceniration aver-
age ond range of error.
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Average Error

Next we constructed a correlation
graph (Figure 13) of the VOC values as
calculated from the raw material tech
data sheets versus the measured VOC
values, using the best case KF deter-
mined water values. It is apparent that
there exists a strong bias in the negative
direction for VOC values as obtained
according to EPA Method 24, using the
KE water determination, with respect to
what a formulator would predict.

Using the KF data we found that for
VOCs above 250 g/L the guetage error
was eight percent, while below 250 g/L
the average error increased exponen-
tially ‘as the VOC decreased, reaching
approximately 35% at 100 g/L, approxi-

mately 50% at 50 /L, and approximately .

150%at 10 g/L.

Runge of Error

However, the range of error diverged
even more as the VOC decreased, reach-
ing over 250% below 50 g/L. Figure 15
shows the average and range of error
for the measured VOC with water con-
centration determined by KF. Figure 14
illustrates the same point using measured
VOC with water concentration deter-
mined by GC: The main difference is the
magnitude, where the KF average error
for any range maxed out at approxi-
mately 275%, GC reached over 2100%
average error under 25 g/1,, and the av-
erage range topped out at almost 3700%
under 25 g/L. It is important to note that
the GC graphs were scaled down to 1500%
so that the overall trend would be clearly
visible. The VOC increment used in Fig-
tires 14 and 15 is approximately 25 g/L.

Accumvulated Error

Wheén comparing claimed and mea-
sured VOC values, the first level of error
comes from the claims simply being in-
correct. Incorrect values can come from
the use of typical or average values in
technical product literature, and from
overstating VOCs or understating sol-
ids just to be on the safe side of regula-
tory requirements.

A second level of error is encoun-
tered when calcdlating an overall VOC
based on component VOC values. The
error of each component measurement
accumulates in the overall calculation as
the sum of the variances of cach compo-
nent measurement. However, sample
calculations show that the contribution
from this source is far less than one per-
cent of the total paint VOC value.

Regulatory Implications

While technical personnel in the in-
dustry may well understand the issues
presented in the current study, others
may not. In particular, the authors can
foresee a situation where well-inten-
tioned environmental activists may pur-
chase paint from retail outlets, submit
them to a laboratory for VOC testing,
and then draw conclusions regarding a
given manufacturer’s degree of compli-
ance with existing VOC regulations. As
can be seen from the present study, the
validity of such conclusions from single
determinations can be highly suspect.

Furthermore, as commercial paints
are formulated at progressively lower
VOCs the magnitude of the errors in

-determining VOC becomes so great that
_‘the anthors must question the validity
"of tising EPA Method 24 for VOCs much

‘below about 250 g/1. The authors sug-

‘gest that any future discussion on a regu-
latory level of the issue of VOC should

~include a proper consideration of the er-
rors involved in making VOC determina-

tions,; and how those errors will be dealt
with from a regulatory point of view.

CONCLUSIONS

Iri the present study, EPA Method 24
under the best conditions yielded re-
sults with an average error of 8%. Be-
low -about 250 g/L, the measurement
error in VOC determinations increases
exponentially as nominal VOC declines.
If regulatory implications are consid-
efed, the range of this error can be of
equal importance to the average error.
Raw material physical properties should
always be verified experimentally if
used in calculating the VOC of a formu-
lated product such as paint. Further
stidy with other systems (e.g., epoxies,
urethanes, alkyds, etc) would be ap-
propriate to defermine the generality
of these findings.

Regulatory agencies should consider
the issue of error in any future consider-
ations of VOC, and should include means
for dealing with that error in any future
regulatory actions.
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SPOT PAINT & VARNISH CO., INC.

@
TELEFHONE (812) 428-8100 - FAX {812} 426-9167

1107 EAST LOUISIANA ST. - (47711) - P. Q. BOX 418 EVANSVILLE, INDIANA 47703-0418

Date of issue: March 16, 2016
Product concerned: 396W24313C (Black Waterborne Lacquer}

This document is prepared to substantiate the theoretical Volatile Organic Compounds (VOC} content that Red Spot
Paint & Varnish Co., Inc. denotes in the Environmental Data Sheet (EDS) and subsequent Safety Data Sheets {SDS)
prepared for our products.

The Theoretical VOC content exhibited on the EDS/SDS is derived using the exact formulary content of volatile organic
materials present in each product, which is then computed using a reputable software program designed for the
chemical manufacturing/blending/coatings industry {the “System”). Please note that laboratories also use this method
for quality purposes to determine the precision and accuracy of the instrumentation and analytical methodology since
the exact concentration of the chemical is known in the formulation. As such, the content of every component in our
coatings are known and are used in the established calculation derived from EPA’s “A Guideline for Surface Coating
Calculations” (1986) to determine the Theoretical VOC Content:

wt of VOC1 per gal + wt of VOC2 per gal + ...

VOCs emitted per gallon of =
coating, less water 1 gal - (wt of water per gal/density of water) - (wt of non-VOC1 per gal/density
of non-VOC1) - ...

Using this established calculation, the System determines that the total Weight (wt) of VOC per gallon for
396W24313Cis 1.186 pounds (Ibs) in one gallon of this coating. The water content of this coating is 54,959 percent by
Weight (%wt), which is equivalent to 4.82 pounds per gallon {Ibs/gal) of this coating. The density of water used is 8.34
Ibs/gal. Using these facts, the calculated VOCs emitted, minus water for this coating 1s 2.81 Ibs/gal.

1.186 Ibs

2.81 Ibs/gal, minus water =
1 gal - ((4.82 lbs/gal} / 8.34 |bs/gal)

For comparison purposes, a brief document review was conducted to compare EPA Method 24 resuits to the System'’s
formulary data. As noted in “Sources of Error in VOC Determination via EPA Method 24,” prepared by PRA Laboratories,
inc. (hitp://www.chemir.com/source-errors-voc-testing-epa-method-24.html), EPA Method 24 is not accurate nor
precise for low VOC content coatings as a significant variance (35%-250%) persists as the nominal VOC content in the
coating decreases. This research found that error actually increases exponentially and not linearly as the nominal VOC
content decreases. As a result, EPA Mathod 24 can erroneously show our coating to contain 3.79 Ibs/gal at the lower
variance even though we know that the formulation facts show the content is 2.81 Ibs/gal, minus water.

In conclusion, Red Spot Paint & Varnish Co., Inc. strongly supports the position that the System’s formulary data
presented in our EDS/SDS documents to be correct as they are derived from the established calculation. We also note
that research shows EPA method 24 is not accurate when determining VOC content for these types of coatings.

This statement is declared to the best of my knowledge based upon data currently available to me at the time of signing.

Red Spot Paint & Varnish Co., Inc.

Kade I C"'ffé\

Kevin D. Corfkright
Corporate Environmental Manager






